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DIS 71 (July 1992)

Preface

Two new additions to this issue will hopefully increase the access to useful
information for Drosophila researchers. First, an author/title and key word index to
back issues of DIS (volumes 50 - 71) has been prepared. Photocopies of individual
out-of-print research and technique articles can be obtained from the editor for
$1.00 each, including postage. A key word index to the most recent issue will be
included in future volumes. Second, we will begin printing contributions at regional
and national Drosophila meetings as space allows. This will help researchers
identify others with similar interests and will increase the visibility of presentations
at smaller meetings world-wide. Publicity of these conferences will, however, only
be possible if you bring them to our attention.

To help identify special materials to include in future issues, a DIS Advisory
Group is being formed. Current members include Michael Ashburner (Cambridge
University), Daniel Hartl (Harvard University), Kathleen Matthews (Indiana
University), and R.C. Woodruff (Bowling Green State University). Others will be
added during the coming months, and recommendations are invited.

The production of DIS 72 could not have been completed without the
generous efforts of many people. Jean Ware, Caroline Tawes, Coral McCallister,
Christine LaFon, Stanton Gray, William Dutton, and Mingull Jeung in the
Department of Zoology have assisted in the preparation and correction of
typescripts, maintenance of computer records, shipping, and correspondence. Melva
Christian at the University of Oklahoma Printing Services oversaw the printing of
this issue.

We hope that you find a lot of useful information here, and we invite you to
let us know what can be done to improve DIS as an informal source of
communication among Drosophila researchers. The publication of Drosophila
Information Service is supported in part by a grant-from the National Science
Foundation to R.C. Woodruff for the Mid-America Drosophila Stock Center,
Bowling Green, Ohio.

James N. Thompson, jr.

Jenna J. Hellack
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*Models for Embryonic Periodicity” by Lewis 1. Held, Jr. (1992) presents the principal models of pattern formation
and extensive supporting literature citations. It covers mechanisms proposed for positional information, prepattern, and
determination waves. Darwinian, rearrangement, and cell-lineage mechanisms are also presented. The final section
covers the role of computers in developmental biology. Clear diagrams illustrate the key features of alternative models,
and an extensive bibliography completes the volume. It is published by Karger Publishers, Inc., 26 West Avon Road,
P.O. Box 529, Farmington, CT 06085 (120 pages, 11 figures, 2 tables, hardcover; ISBN: 3-8055-5598-9; list price
$156.00).
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Using the Author/Title and Key Word Index DIS 50 - 71
and

Obtaining Copies of Out-of-Print DIS Articles

Only a limited number of copies of DIS back issues are available (see page 172 for ordering information). Yet,
much valuable information is to be found in the research and technique articles in out-of-print issues. In order to make
this material available, we have prepared an author/title index and a key word index for DIS volumes 50 - 71. These
entries were scanned into our computer files from the printed copies, and type faces and styles varied somewhat during
this period (1973 - 1992). While we have tried to make the index as uniform and accurate as possible, there are probably
still some errors that originated in the scanning process. We plan to continue preparing a complete author/title index
with the goal of making it available on computer diskette that can be searched by standard word processing software.

The first part of this index is an alphabetical listing of research and technique articles in DIS volumes 50 to 71. The
second part is a key word index, with numbers that correspond to the page of the author/title index on which the item is
located. Although this entails some searching on a page to find the entry, it should be relatively easy to locate them.

Photocopies of individual technical and research articles can be obtained from the editor for $1.00 each (mailing
included). Costs for copies of stock lists and other long material can be obtained by writing the editor.
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cinnabar (cn) 1,2, 50

circadian oviposition behavior 2

circadian rhythms 19

claret 49

cline 11,31

clone list 30

cloned DNA 30

cloning 30

clutch size 42

cn 1,2,50

CO2 17,30, 43,45

anesthetizer 21
induced paralysis 9

coadaptation 17

coexistence 41

colchicine 19

cold
hardiness 4
immobilization 36
survival 4

collecting
embryos 50
eggs 18, 35
collection

large numbers eggs 4
large quantities of larvae or pupae 5

mass 34
methods 7
set baits 41

trap 30

rapid of pupae 22
Colombia 21, 36
color

dimorphism 35

mutations 15
compaction 33
compartment boundaries 31
competition 1, 5, 8, 20, 24, 32, 34
competitive coexistence 38
complementation 1

. compound autosomes 21

compound two chromosomes 17
compound-X 8,15
computer 37
assisted instruction 3
cpackage 25
database program 20
program 22,45
personal 45
Concanavalin A 22
condensation 43
condition ability 21
conditional dominance 19
conditional synthetic lethality 5
conditionality 36
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conditioned excitation 48
conditioned inhibition 48
containers 28
containment 12
containment procedures 50
controlled water vapor 21
copia 1,43
copia-CAT1 7
copper sulphates 21
copulation 3, 21, 39
success 48
duration of 10
cosmopolitan species 37
Cothonaspis sp. 8
countercurrent device 46
counting device 45
courmarin 7
courtship 3, 10, 12, 13, 18, 22, 23, 30, 36,
37, 39, 41, 50
behavior 3, 10, 49
song 10
song simulator 3, 5, 22
crisscross lethals 10
cross breedings 15
crossability 20
crossing-over 11, 42,46
defective mutant 39
crossover suppressor ¢(3)G 2,19
crowding 1,7,33
ctMR2 29
cultures 7, 41
crowded 1,7
salivary glands 28
filling bottles 40
medium 31, 39, 46
culture vials 43
cultured cells 7
Curly 19
Curtonotidae 45
cut 16
cuticle 28
morphology 26
mutant 49
protein 2, 11
cuticular structures 48
cyclic nucleotide phosphodiesterase 40
cycloheximide 11
Cynipide parasite 8
cytogenetic analysis 38
cytology 5,34
cytotypes 35
DAB 18
dach 32
darkness 6
daughterless (da) 29, 33
DDT 24
deathrates 45
decayed leaves 24
dechorionation 38
deep orange 6
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deficiencies 15
Df(3R)Pg 15
deficiency 16-3-35 50
deleting DNA 30
deletions 10, 12, 16
deltamethrin 11
deltex 17
density dependent selection 32
denticle 5
DES 33
desemination 29
dessication tolerance 39
detrimental load 17
Deuterium 37, 48
development 1, 3, 5, 7, 9, 18, 19, 23, 31, 33, 38,
40, 44, 48
developmental profile 37
developmental rate 32
developmental time 7, 8, 14, 22, 31, 40, 41
Df(3R)P9 homozygotes 15
diapause 7
Diaphorase activity 12
diaphorase-1 37
diaphorases 12
digging behavior 21
dihydropterin oxidase 34
dimethoate insecticide 11
discrimination learning 36
dispersal 30, 47
dispersive behavior 31
disruptive selection 6, 19, 26, 50
Dithane M-45 48
diurnal rthythmicity 41
Dly 30
dm 43
DNA
DNA-RNA hybrids 3, 49
extraction 28
foreign 2
high molecular weight DNA 31
injected 15
nascent DNA 12
replication 1
dodecylbenzasulfonic acid 19
dodecylbenzosulfonic acid 19
domestic Drosophila species 5
dominant lethals 9, 30
DOPA 29
dorsocentral bristles 36
dosage compensation 16, 18, 34
dot blot hybridization 38
dot chromosome 35
double subculturing method 7
doublesex 20, 34
Dp(1;3N204-98 43
dph 25
dpO¥h 25
DRB 49
drift 24
Drosophila
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D. affinis 14, 45

D. albomicans 10, 26, 27, 29

D. aldrichi 33

. americana 17,12

ananassae 3,9, 12, 22, 28, 29, 32, 34,
35, 42, 44, 46

andalusiaca 41

. andamanensis 41

arizonensis 13, 51

athabasca 20, 22,31, 36

auraria 18, 19, 26, 28, 34, 46

biarmipes 9

biauraria 19

bipectinata 35

bryani 46

busckii 6, 35, 41

. buzzatii 4, 18, 33,36, 39, 44

cameraria 42

D. capricorni 2
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D.circumdata 10

D. dunni 8
D. equinoxialis 40

falleni 32

fauna 33

formosana 30

grimshawi 23,44

guanche 32

hydei 2,4,9,12, 14, 16, 17,, 19,
20, 21, 27, 39, 40, 50, 51

. imeretensis 23, 25

immigrans 3, 7, 24, 26, 29, 30, 35, 50

jambulina 35

kikkawai 39

kohkoa 26, 29

littoralis 28

malerkotliana 35, 41, 46

martensis 5

mauritiana 1, 30, 39

mercatorum 15, 21

mettleri 14

mimica 13

miranda 34

mojavensis 26, 39, 48, 51

montana 3, 34, 47

montium 3,42, 46

mulleri 13

mycetophaga 10

nagarholensis 42

nannoptera 39

nasuta 3, 19, 21, 22, 23, 26, 33, 37,
38, 42, 46, 47, 50

.nasutoides 49

. nebulosa 29, 38

. nepalensis 41

. nigricornis 4
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D. nigrospiracula 14
D. niveifrons 3
D.obscura 4, 5, 12, 24, 36
D. paulistorum 4, 15
D. pavani 15
D. persimilis 18,42, 43
D. phalerata 42
D. polychacta 49
D. prosaltans 5
D. pseudoneohydei 17, 20
D. pseudoobscura 3,5,7,10, 13, 14, 15,
18, 26, 27, 32, 33, 36, 40, 42, 45,
47, 49, 50
D. quadraria 18
D. quadrilineata 4
D. quinaria 26
D. rajasekari 42
D.robusta 13, 27
D. rubra 10
D. silvestris 10, 16
D. simulans 1, 3, 4, 7, 8, 10, 13, 17, 19,
20, 21, 23, 24, 27, 26, 28, 30, 32,
33, 34, 38, 39, 46,, 43, 50, 51
D.subobscura 3,5,7,8,9,11, 12,
15, 14, 22, 23, 24, 26, 217, 28, 29,
30, 32, 34, 35, 36, 37, 38,41, 42,
43,44 45, 46, 47
D. subsilvestris 36
D. sulfurigaster 29, 38
D. sulfurigaster albostrigata 29, 46
D.texana 25
D. transversa 42
D.venezolana 13
D.virilis 2,7, 11, 12, 13, 17, 24, 25, 217,
28, 30, 33, 34, 38, 37, 39, 43, 49, 50
D. willistoni 21, 47
Drosophila counter 4, 34
Drosophila kit 49
Drosophila medium 49
Drosophilidae 45
drosopterin 46
Drosopterin-like pteridine 37
dry environment 37
duplications 9, 20, 29, 50
Dp(1;3)N264-98 43
Durchbrenner 7
dysgenic hybrids (see hybrid dysgenesis)
E chromosome 36
ebony 10, 13, 14, 20
ecdysoneless 43
ecdysterone 30
ecdysterone-inducible tissues 50
eclosion 36
eclosion rhythm 26, 28
ecological notes 10
ectopic pairing 11
eggs  28,39,44
chamber 8
clutchsize 42
collecting 4, 18, 35
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deposition 36

filaments 8
length 15
retention 1

screening 34
sterilization 38

synchronous 44
ejaculatory bulbs 23,25
election 30

electric field 20
electron micrographs 19
Electron microscopic 3, 36, 41, 42
mapping 4
microscope 7
electrophoresis 4, 46, 47
analysis 6, 26
protein pattern 43
separation 41
EM 22
band-interband pattern 23
maps 38, 41, 50
embryo 25
collecting 19
injection 10
haploid 15
isolate segments 1
embryogenesis 1, 30, 49
embryonic
cell 22.41
development 21
protein 22
RNA 22
EMS 39
EMS-induced 32
EMS-induced recombinant 31
endemic 35
endocrine organs 37
endocrine system 25
Endothia parasitica 4
enzymatic loci 47
enzyme staining 33
epidermic cells 15
eremophila complex 14
ERG mutants 25
Erratum 34, 44
Est-C 2,46
esterase 3, 23, 24, 25, 27, 38, 46
B-24
isozymes 40
S- 24,25,28
- 68 39
-65 (Null) 39
-5 35
-6 1,2, 10,25
-A 46
-C 34
ethanol 6, 13, 24, 26, 47, 49
metabolizing enzymes 9
tolerance 48
utilization 48
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ether 17, 20, 28, 43, 48, 50
sensitivity 34
etherization 30, 38
etherizer 4
ethyl methane sulfonate 1, 31, 44
Europe 7
excess adult flies 7
excitatory (Pavlovian) conditioning 21
excitatory conditionability 20
exposure to gases 12
ey 14
eyes 17
color mutants 3, 14, 18, 30, 31, 32, 33,
42
color 47
compound 3,41, 44
imaginal discs 6, 40
imprints of 25
mosaic 44
mutations 38
pigmentation 5, 18, 45, 47
spot test 41
eye]ess2 18
Felement 10
facultative camivory 39
fagaronine 9
fat body 2
fatbody enhancer 28
fatemaps 30, 35
fecundity 1, 15, 38, 41, 42, 47
feeding 25
chemical 38
substrates 11
water insoluble compounds 31
female
fertility 47
preference 39
receptivity 14, 36, 43
determining factors 33
female sterile 24, 28, 34, 47
Femaleless 25
ferrous sulphates 21
fertility 4, 10, 11, 30, 31, 37
components 9
load 46
white eye mutant 45
fertilization 5, 49
Feulgen stain 24
fine structure analysis 6, 18
fine-focusing adapter 47
fitness 1,6, 31
fitness components 5
flies, excessive adults 7
flight testing 18
flightless 43
Florida 13,21
flower 19
fluctuating asymmetry 26
fluorescence 24
dust 34
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dye 10
fly writing 27
flying speed 49
follicle 8
food
instant mashed potato 14
instant media 6, 26, 27, 49
natural 6
fooddyes 32
food preference 13
foraging behavior 43
foraging pattems 43
forked 15
formaldehyde 2,40
fourth chromosome 39
freeze-tolerant 4
freezing points 28
French 9
frequency dependent 32
selection 8,23
sexual activity 26, 40
frequency estimate 46
frequency of lethal 46
fructose 4
fs(1)231M 24
fs(2)Al6 24
fs2)D 28
fsTLM 47
fs@) 34,24
fungal infections 49
fungicide 15, 43
fungicide Benlate 26
y-rays 2, 14, 48
G6PD 6, 13,18, 25
G6PDH 30
gamet 40
gas exposure 1,17
gas-phase agents 49
Gause principle 38
GD sterility 13
geimsa stain 39
gene (see the specific gene name)
activity 23
enzyme systems 9
frequency 6
number of 39
generation length 40
genetic
drift 3
instability 38
map enzyme 8
map general protein 8
mapping 34
structure 6
classes 10
genitalia 14
abnormal rotation 11
genotoxic 11, 46
genotype environment interaction 41
genotype X environment interaction 41
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geographic variation 20
geoneutrality 43
geotactic maze strains 37
geotaxic behavior 10
geotaxis 27, 39, 44, 45
germ-cell aneuploidy 10
Giant 12
giant chromosomes 37
glass 44
glucose 4
glucose 6-phosphate dehydrogenase 13, 36
glutamate dehydrogenase 34
glutamic-oxaloacetic transaminase 46
glycerol-3-phosphate dehydrogenase 34
glycoproteins 2, 30
Glyful-1,1(1)EN10a 50
gnu 28
golfball 27
gradient 45
Greece 26, 44, 46, 47
guanine-cytosine sequences 4
gynandromorphs 34
gypsy 24,26
h 22,45
habitat choice 34
haemolymph 45 -
Hairless 1,15
hairy (h) 22,45
Hairy-wing-2 25
Haldane'srule 34
half-translocations 36
halter reduction 48
halteres 35
haplo-4 16
haploid embryos 15
hatchability 21
Hawaii 35
Hawaiian Drosophila 46
Hawaiian picture winged 22
head isolation 31
heads 31
heat shock 12, 35, 36, 43, 49
loci 16
puffs 35
response 32
heat stability polymorphism 35
heat tolerance 43
heavy metal 9
hemocytes 12, 23
hemolymph 4, 23
herbicides 7
heritability 15, 22, 28, 37
Herzegovina 24
heterochromatin 6, 9, 20, 25, 43, 49
heterosis 41, 42
heterozygosity 3, 33
hexane 28
hexanol 48
hexokinase-C =~ 34
hexokinases 4
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high molecular weight DNA 31
Hirsch-Hadler 44
histochemical determination 25
histochemistry 23
histones 19, 21
H1 6
HM40 6
HMGe-like proteins 26
Hnr3ry6 46
Hoechst 33258 50
homeostasis 41
homeotically transformed imaginal discs 18
homoeotic 31, 44
homoeotic mutations 21, 23, 40
homoeotic wing 35
homogamy 19
Hopel 27
hsp-CAT1 7
HSP70 32
humidity behavior 49
humidity stress 39
hybrid
D. ananassae-D. pallidosa 15
dysgenesis 6, 7, 12, 13, 24, 27, 28, 32, 38,
42

sterility 3, 46
hybridization 8, 23, 30, 39
hydrogen peroxide 5
hydropyrimidine hydrase 19
hydroxycoumarin 7
hydroxylammonium sulphate 31
hydroxytoluene 18
hydroxyurea 1
Hymenopteran parasite 7
I-R system 7
imaginal discs 10, 15, 22, 23, 31

leg 22

lines 36

wing 22

transplants 40

eye discs 6

eye transplants 40

wing 22
immuno-electrophoretic 23
immunochemical 23
immunofluorescence 3, 30, 39
imprints of fruit fly eyes 25
in situ hybridization 35, 36, 49, 50
in situ transcription 5
in situ transcription assay 26
in vitro culture 16
In(1)BM2 (rv, mosaic) 16
In(1)BM2[rv] 16

In(1)sc8 20
In(l)scV2 27
In()wmd 44
InBLR)DexF 37
In3R)C 10
inbred lines 10

inbred stocks 2,22
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inbreeding 46

inbreeding depression 5

incubator 49

India 3, 6, 11, 15, 18, 20, 22, 26, 33, 37, 41, 42,
44, 47, 50

Indonesia 4

Induction 48

infection 44

inject large numbers 32

injections 9

INSECTAVOX 18

insertion mutations 16

instability 22

instant Drosophila food 26

instant mashed potato 14

instant medium 6, 27, 49

inter-ocellar bristles 28

internal structures 14

intersexes 24

interstrain crosses 35

intrachromosomal effect 9

inverse regulator 6

inversions 1,9, 10, 13, 17, 21, 24, 27, 28, 29,
31, 33, 35, 36, 38, 39, 42, 47
(l)yellow-3 51
heterozygosity 14
karyotypes 42
polymorphism 33, 40
pericentric screen 10
chromosomes 16, 20, 27, 44

inverted gene arrangement 37

Iowa 40
m 1 £ 26
iradiated 26

irradiated glucose medium 48
Is-mutations 40
isocitrate dehydrogenase 34
isoelectric-focusing 9
isofemale lines 15, 48
isolate segments embryos 1
isolation 48

ethological 13, 36
isopropanol 28
isoxanthopterin 34, 42
isozymes 20, 37

polymorphism 35
Israel 18
Japan 25,49
Jonah family genes 10
juvenile hormones 37, 38, 40
juvenile hormone analogs 40
k-probit transformation 41
kar 15
karyotype evolution 13
karyotypes 30, 42
Korea 9, 26, 35, 39, 46
Korean natural populations 9
Kumaun 42
1(2) gl 15
1(1)E12ts 49
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I(1)EN15 21
12)gl 17, 23, 43
1(2)gl. 25
1(3)t1 47
laboratory courses 37
laboratory simulation natural selection 28
LAPD° 33
large scale culture 18
larva 8, 11,41
larval
cuticle 37
density 44
denticles 8
development 8, 13
facilitation 36
glue protein 23
polytene cells 41
saliva 28
substrates 22
laser mutagenicity 37
learning 36, 48
behavior 6
process 28
leg shaking 50
leg transformation 38
lek behaviour 10
LET radiations 2
lethal 11, 18,19
(2) giant larvae 1, 17
heterozygotes 5
1(2)gld 23
loci 22
phases 13
tests 28
lethality 10
lethals 17, 28
autosomal recessive 14
chromosome 15,17, 21, 23, 25, 43, 47,
49, 50
"lethal giant larvae" 1, 17
temperature-sensitive 39
leucine amino peptidases 10, 41, 27, 46
Leucophenga 17
life cycle 11
life history 20
life span 15, 18
light 18,32
light-dependent mating 15
lindane 11
lineal microphotometric scanning 24
linkage 49
disequilibrium 9
equilibrium 36
group conservation 47
lipid 39
lipid extraction 6
locomotor activity 1, 6, 23, 40, 41, 45
locomotor mutants 19
longevity 3, 15, 23, 31, 37, 41, 42, 45
low temperature 29

low temperature resistance 15
lozenge 11, 34

Lyndiol 37

lysin 2

Lysolecithin 19

Mstrains 6, 35

macrochetae 15

magnetic fields 12, 18
Mahabaleshwar 17

Malathion 11, 32

male
crossing-over 22,28
fertility 14
mating success 44
MR-strain 15
recombination 7, 18, 31,43, 44
sterility 40
vigor 48
(see also hybrid dysgenesis)

male-specific lethal 27
malpighian tubules 19, 23
mandibular hooks 11
mannose-phosphate isomerase 27, 33
map control 12
map expansion 40
mapping 2,3, 12
fate 30,35
fine-structure 6
molecular 37
mark-recapture 22
masculinizer 34
mass collection 34
mass dispersive activity 33
mass histology 22
Massachusetts 30
mate recognition systems 20
matemal
age 26
effect 9, 27
inheritance 10
mating 9, 11, 12, 37, 44, 49
ability 21
activity 14, 19, 25
behavior 9, 13, 17, 20, 31, 34, 44, 50
capacity 43
chamber 49
light-dependent 15
multiple 45
rare male 22, 23, 25
speed 10, 25
success 25, 37, 39
system 50
time 50
mating, double 37
mazes 7, 10, 21, 24, 44
mdg 16
mdgd 16
Mdh 36
media 3, 4, 14, 28, 32, 38, 41, 43
media preparation 50
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medium dispenser 47
mei 44

218 47

9 26

9o 39

-Op 48

-S332 11
meiocyte 19
meiotic 11, 19

drive 16, 36

mutants 14
melanotic tumor 11, 12, 36
metafemales 18
metamales 18
metamorphosis 18, 37
metathoracic leg reduction 48
methyl dopa 6
methyl methanesulfonate 2, 21, 31, 40
methyl p-hydroxybenzoate 41
Mexican 31
MgClp 5
microchromosomes 19
microdistribution 5
microhabitat 45
microinjections 13, 15
microorganisms 26, 42, 51
microscopes 47
microscopic 45
microscopy 48, 50
microsporidian 39
microtopography 39
midguts 22
migration 47
Minute 11, 12, 25, 42,49
mites 8

cure for 30

control 8, 30
mitochondrial 39, 45

activity 18

DNA 4,38
mitomycin C 4, 14, 16
mitotic chromosomes 47
mitotic instability 38
Mm [In(1)BM2 (1v)] 45
MMS sensitivity 37
mobile elements 2, 16, 24, 27, 26, 39, 50
molecular map 37
molecular weights 4, 27
molting 37
molting hormone 29
monitoring 18
mono-sodium glutamate 9
monoclonal antibodies 10
Montana 30
Monte Carlo technique 10
Morgan specimens 4
morphometric analysis 15
morphometry 49
morphometry of wings 18
mortality 6, 26, 45
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mosaics 14, 16, 23, 24, 32, 39, 42, 44, 50
mosaicism 9, 44
mosquito 22
motion detectors 17
MR-strain 15
mu 17
mu-2 29
mucopolysaccharide content 28
Mulleri complex 28
multilocus system 28
multiple insemination 10
multiple mating 45
multiple paternity 31
multiply marked third chromosome 7
mus 44
muscles 28
mushrooms 23
mutabilities 20
mutability 2
mutagen 7, 25,32, 41, 46, 49
apparatus 1
application 15
chemical 1
sensitivity 22
unstable 16
mutagenesis 2, 16, 31, 40
mutations* (see specific listing) 4
induced 25
insertion 16
IS 40
mutation experiments 46
mutation outburst 17
mutational unstability 43
mutations 2

back 17
direct 17
frequency 40

mutator effects 16

mutator gene 17

mwh 15, 18

mycetocytes 14

mycophagous Drosophila 18, 32
N-cthylurea 40

N-nitroso 40

narcosis 46

nascent DNA 12

Nasobemia 23

nasuta complex 29

National Park "La Campana" 49
natural food 6

natural populations 7

natural selection 3

laboratory simulation natural selection 28
Nem 12

neopterin 23

neuroblast chromosomes 10, 18
neuroblastoma 23
neurological mutant 41
neuropile 44

neuropils 42
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neurotoxins 22

neutron 2
new species 47, 49
New York 32

New Zealand 8,9, 20, 26, 32

nipagin (p-hydroxy-benzoic acid methyl ester)
10, 30

NMR spectroscopy 14

nocturnal emissions 28

nod 14

non-claret disjunctional 34

non-crowded 7

non-disjunction 4, 8, 11, 17, 20, 33

non-disjunction test 8

non-histone protein 47

pon-reciprocal recombination 31

none 44

nonhomologous pairing 8

nonrandom disjunction 28

nonsense mutants 25

NOR 44

norepinephrine 29

North America 43

North Carolina 30

Nosema kingi 3

Notch 6, 13

Notchtsl 28
novobiocin 1

Ns 24

nucleolar chromatin thread 16
nucleolar regions 50
nucleoli 16

number of genes 39
nutrients 7

nutrition 38, 47

nw 1,12

o-hydroxybiphenyl 49
obscura group 13, 26, 33
ocelli 44

octanol dehydrogenase 13, 21, 34, 48
ODH 10, 30

olfaction 28, 43
olfactometer 7

olfactory preference 49
olfactory responses 8
Ontario 17

ontogenesis 26

oocyte stages 44

oocytes 11
Opuntia 8
oraJK84 44

oral sensory structures 8
organophosphates 19
organophosphorous insecticide 11
orientation 27
Out-cold!S 43
ovarian

dysgenesis 21

nurse cells 45

stages 28
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ovariole 22
overcrowding 33
overwintering 4, 47
oviposition 4, 8, 45, 48
behavior 43
choice 5
preferences 6,13, 14, 26
rhythm 2
sites 18
ovitron 19
Ovral 37
oxygen consumption 45
Pcytotype 13
P element-mediated transformation 14
P factor activity 35
P-clements 6, 22, 24, 27, 35, 37, 38
insertion 15
transposon tagging 13
mediated enhancer detection 17
P-M gonadal dysgenesis 10
P-M hybrid dysgenesis 36, 43
P-mediated germline gene transfer 9
paralysis(CO2 induced) 9
paralytic mutants 22,43
parametric statistic 45
parasitic Hymenoptera 8
parasitic wasp 7
parental age 22, 32
parental effect S
patchy environment 41
pPBR 322 homologous sequences 7
Pc 24,37
Pc2 31
penetrance 12, 36, 39
pentose phosphate cycle 24
period 19
permeabilization 28
peroxidases 27, 36, 37
personal computer 45
pertussis toxin 14
Peru 36
pesticides 22
Petridine deposition 13
Pgd 19, 25, 46
PGI 30
PGM 9,47
phenol oxidase 4
phenylenediamine 37
phenylthiocarbamide 43
Philadelphia 30
Philippines 29
phosphoglucomutase 17
phosphodiesterase(cyclic nucleotide) 40
phosphorus-metabolites 14
phosphorylation 51
Photomapping 34, 35, 39, 42, 44, 47
photonegative 31
photoperiod 3
photoreceptors 3, 44
photoresponse 29
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phototactic behavior 15, 24, 25
phototactical 21
phototactism 6, 12,21, 23, 26
phototaxis 44
physical stress 31
pigmentcells 3
pigment patterns 3, 31
pigmentation 36
pigments 3
redandbrown 38
pink 42
plasticity 1§
pleiotropic effects 21
plexus 32
pn-kpn interaction 34
polar plasm 15
polarotaxis 12
poly rA
dT hybrids 45
polycyclic hydrocarbon 48
polygenic 39
polymorphism 14, 28, 29, 36, 38, 39, 41,
46, 47
polypeptide content 28
polysomes 7
polystyrene vials 30
polytene chromosome divisions

1A-10F 27

2A-B 1

2AB 6

2B 11, 37, 40, 49
2C 40

2D3-2F5 18,19

2L 12, 16, 45

21.24-25 41

3L 50

3R 19,27

3R 89A1.2 48

9F12-10A7 36

11A69 6

19F 31

24D4-25F2 45

75D-718A 33

84A-84B1 49

84B-D 27

87A 10, 16

87B 10

87C 16

87D24 20
polytene chromosome preparation 5
polytene chromosomes 1, 4, 5,9, 12, 23, 27,

35, 39, 49, 50

"small" polytene chromosomes 40
polytene nuclei 2
polyteny 28
population cages 3, 7, 32, 38, 43, 45
population sizes 6, 17, 18, 36
populations 10, 20, 32
position-effect 22, 46

variegation 11, 12, 38
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positional information 48
postzygotic isolation 34
r 24
post-hatching age 44
preconditioning 4
preferences
humidity 35
temperature 35
printer characters 10
priority 6
proboscis extension reflex 21, 46, 48
progeny yield 18
protective effect 18
protein extraction 6
protein synthesis 28
protein-synthesizing activity 40
proteins D1 and D2 21
Prototheca 44
Prune 34, 40
pseudo-M strain 22
pseudoallelism 8
Pt-10 locus 27
pteridine 42
pteridines pathway 31
puff size 5
puff-forming 10
puffing 3, 4, 50
activity 11
patterns 32, 50
pulse labelling 14
pulse song 10
punching 7
pupae 21
pupal cases 23
pupal development 20
pupal lethals 24

pupation
behavior 8
height 14, 15, 24, 35, 49
site 4,35
site preference 43
site selection 39

purine selection 39
puromycin 4, 28
pyranosidase 33
pyrethroid insecticide 11

Q strains 35

quantal mitoses 31
quantitative analysis 45
quantitative traits 17, 29, 37, 39
quinine 38

quinolines 14

R(1)2,yB 28

R(1)2,yf 14

radiation 1,2,22,46
radiation mutagenesis 2
radiation-induced 2
radiolabeling 22
radius-incompletus 13
rapid collection of pupac 22
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rare male 23, 25
rare type advantage 22
rates

development 47

pupation 1

death 45
rdgBKS222 44
reaction mass formation 3
rearrangement breaks 33
rearrangement formation 36
rearrangements 1, 9
receptivity 50
reciprocal translocations 37
recombinant 31
recombination 25, 29, 31, 46
recombination frequencies 31
recombination values 28
red 42,43
red and brown pigments 38
red eye pigment 27
regulator gene 17
reintroduction

y+ onto a TM3 chromosome 41
remating 19, 48
removing flies 11
repair 5
repair deficient mutants 43
repeated mutations 25
replicating sites 33
replication 13
replicon properties 1
reproductive behavior 40
reproductive isolation 28
reproductive potential 7
resistance 6, 49
resistance to radiation 27
resource utilization 37
retrotransposons 1, 45
retrotransposon reverse transcription 45
reversion rates 49
reversions 17
rhabdomeres 44
ribosomal cistron 38
ribosomal DNA 27, 30, 32
ribosomal genes 51
ribosomal RNA 28, 32, 40
Ricin 12
ring chromosomes 14, 18, 28,44
ring recoverability 15
ring third chromosome 10
ring-X 18, 44
rinsing Drosophila eggs 40
RNA

DNA hybridization 45
synthesis 9, 49

RNP
antigens 30
particles 17
bodies 41
Roi 49
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roo 1

rosy 20

rough endoplasmic reticulum 15

Rous sarcoma viruses 15

Rover 43

rover/sitter 5

RNA 40, 41

TRNA genes 4, 47

rudimentary 13

S. cerevisiae CDC genes 7

salivary chromosomes (see also polytene) 2, 9,
16, 19, 24, 25, 31, 41, 47, 50

salivary glands 23

cells 1
culture 28
nuclei 16
proteins 38
salivary preparations 7
sbd 43
sbr 50

scanning electron microscopy 8, 18, 33, 39
Scaptodrosophila 6
Scaptomyza 41
pallida 6
Sco 29
screening eggs 34
scute 15, 39
scVItranslocation 39
Sd-F region 1
SDS-PAGE 38
secretion 50
secretion proteins 2,25
segmental aneuploids 13, 16, 44
segmental deficiency stocks 37
segregation S
segregation distortion 27,41, 45,47, 49
selection 1, 12, 14, 15, 18, 20, 21, 25, 26,
27, 30, 43, 45, 48
density dependent 32
directional 21
stabilizing 21
natural 3
sensory cones 8
sensory hairs 8
sensory projections 44
separation of larvac 15
sepia 23, 47
sepiapterin reductase 23
serotonin 15, 40, 48
settingup a lab 30
sevenless 44
Sevidol 11
Sevin 46
sex transforming gene 34
sex-appealless mutants 22
sex-determining genes 9
sex-dimorphism 29, 50
sex-linked 33, 38
sex-linked lethal 5
sex-linked recessive lethal 37
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sex-linked recessive lethal frequency 26
sex-ratio 5,6, 12,18, 21, 32,42
sex-ratio spirochete 40, 47
sex-transforming mutants 33
sexual isolation 3, 8, 26
sexual differentiation 42
sexual interactions 30
SF sterility 13
shaker 5, 41
shaking mutant 21
shibirets! 28, 50
shock-avoidance 27
silver nitrate 4
simulated evolution 3
simultaneous mutation 47
singed 15, 17,21, 23
unstable 17
sitter 43
size 35
size at hatching 15
slime fluxes 8
SM5 9
SMART wing assay 14, 18
SM1/In(2L)t 46
sn3 51
sodium fluoride 2
sodium octanoate 26
sodium tungstate 1, 49
somatic mutation 32
somatic synapsis 41
somatically unstable transposable elements 38
sonagrams 36
song
courtship 10
simulator 3, 5, 22
sound recording 49
Southern Africa 47
Southern Blot 42, 50
space 3
spaPol 12, 16
spatial disposition 32
species, new 47, 49
speed (flying) 49
sperm 33
motile 24
counts 17
length 18, 22
nuclei 6
storage 17, 39
spermatids 19
spermatocytes 17, 19, 22, 27, 30, 50
spermatogenesis 11, 20, 27, 36
spermatogonia 19
spicules of cuticle 17
spiracles 39
spittle maggot, Cladochaeta inversa 46
splicing 3
split 31
split (spl) 30
"split” vial 24

spontaneous lethal 6
spot testing 25
SSP technique 23, 42
sta 6

staining 47
staining chromosomes 19
stambhs 22

starch gel electrophoresis 33
starvation 23, 39, 48
Stegana 47

Stellate 10

sterile 49

female (fs) 24, 28, 34, 47

sterility 12

sterilizing eggs 44
stermopleural bristles 12, 20
stock lists 44
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Bloomington Stock Center 44
Mid-America Drosophila Stock Center 44

stocks 13
storage 25
Strait of Magellan 7
stress environments 18
stripe 38
su 13
Su()DK7 43
subarctic Drosophilidae 46
subzero temperatures 4
sucrose 35, 45
sugar 8
sunburst 42
suppressible alleles 14
suppression of
black 8
black Su(b)801 43
normal bristles 1
sable 28
Su(b)DK7 43
veinlet 45
survivability 23
survival
curves 45
data 45
sympatric species 37
synchronous embryos 37
synchronous larvae 29
synthetic lethals 46

T(1 ;2)dorvar7 11

T(2;3)m 37
T(Y;2) 42
Tajikistan 21
tarsi 23
teaching 49
telomere 27

telomeric material 17

temperature 1, 6, 9, 12, 19, 20, 25, 29, 31, 33,

35, 36, 37, 40, 43

high 35

low 29
resistance 15
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preferences 13
sensitivity 45
shock 21
temperature--sensitive 13, 30, 34, 36, 38, 50
temperature-shock 31
temperature-stress 39
temperature-tolerance 39
temperature-variation 41
teratogenic effects 7
tergites 15
testes 19,20
tetrad analysis 8
tetraploid 34
tetrazoliumoxidases 6
Thailand 29
thanatometer 15
thermal gradient 14
thermal preference 39
thermostability 40, 43
thermotaxis apparatus 21
third chromosome balancer 29
time 49
tissue culture 27
tolerance 1,23
total proteins 24
tra-20TF 34
trans-acting modifier 24
transamination 40
transcription 5,26
transfection effect 18
transfer RNA 42
transferring etherized flies 50
transformants 38
transformations 46
transformed lines 30
transforming mutants 13
translocations 7, 8, 11, 20, 36, 40, 47
chromosome 11, 37, 42
half-translocations 36
centric Y-autosome 14
transposable elements 22, 38, 50
copia 1,43
copia-CAT1 7
hsp-CAT1 7
transpositions 16, 25, 27
transposition bursts 16
trap 27, 20, 46
trapping 18
trehalase 35
tricorner (trc) 49
triethylamine 15, 32
triglycerides 9
triple balancer strains 32
Triplo-lethal 9
triploid 7
triploid females 24
trisomy 5, 16
trithorax, trx 21
tu-pb 11,12
Tubingen mutants and stock list 45

65
tuh 10
tuh-3 26
tumor 25

tumorigenesis 50

tumorous 7

tumorous head 7, 26, 51

Tyroproless-1, (1)EN14 50

tyrosine 40

tyroxine transaminating activity 40

Tyrproless-2 21

U chromosome duplication 3

U.S.S.R. 4526

Ubx 27

Ubx/bx 18

ultrasonication 47

ultrastructure 23,28, 44

ultraviolet phototaxis 44

unfertilized eggs 34

unstable 16, 17, 25, 34
allele of singed 17

cut 16

insertion mutation 11

lozenge 17

mutations 16, 17, 29, 47

mutator strain 24

redundancy 4

X chromosomes 42
urea 7

uric acid 7
Uttarakhand region 42
UV imradiation 7
Va/Ba balanced strain 30
variable expression 36
variance components 10
variegation 3, 19, 43
vasa protein 3

vein mutants 45
veinlet 43

vermilion 46

vesicula seminalis 42
vestigial 1, 2, 36, 40
viability 6,7, 8,31, 33, 38,42, 45, 47, 48
vial washing 18
video display terminals 32
virginity =~ 42

virilis 11, 13, 24, 25
virilis group 25
virus-like bodies 41
viruses 1,2

vision 28, 44, 50
visual orientation 7
visual pattern 20
visual synaptic structure 44
vitamin A 34,44
vitamin C 7
vitellogenin proteins 23
washing 14

water balance 13
weS9 10

weight 17
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West Bengal 42
white 2, 3,5,9, 10, 14, 16, 25, 26, 27, 44, 46
white-cherry 34
white-eosin 34
white-ivory (wi) 20
whole embryos 19
wild Drosophila 30
wing 21,45
dimensions 29
hair test 32
homoeotic 35
imaginal discs 22
length 22
measurement 2
morphology 46
morphometry 18
somatic mutation 18
spot test 18
spots 32
tip height 49
Wingless 41
winglessness 23
Wisconsin 45
wsPA 2
X chromosomal transcription 33
X-autosomal dosage compensation 33
X~chromosome 11, 16, 37
compound X 8,15
replication 13
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Xy 15,27, 36, 44

X-ray sensitivity 41

X-Y interactions 10

Xa A4

xanthine dehydrogenase 12, 20, 39
xanthurenic acid 38

xanthurenic acid 8-0- -D-glucoside 38
xenobiotics 1

XO males 19,24

XX 28
XYL 24
XYS 24
XYY 24,28

Y chromosome 4, 20, 29, 37
Y-autosome translocations 29
ye colour mutant 33
yeast 4,5,6, 14,47, 48
yeast-agar medium 28
yellow 2, 12, 13, 16, 26, 32
Ymalt 37
yolk proteins 16, 17, 19
Ysu(f)~ 37
Yugoslavia 24
Zaprionus 35
argentostriata 30
indianus 35
paravittiger 23
zeste 10, 25, 41
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Mutation Notes - Drosophila melanogaster

Abu-Issa, R, and S, Cavicchi. Department of Biology, University of Bologna, via Belmeloro 8, 40126-Bologna, Italy.
?Z: vestigial-strap2

vestigial-strap2 is one of the vestigial alleles (vg: 2-67.0). It was found by Williams (1956) but only the phenotype of
vg*2/vg flies from the stock ta net vg*2 sp/ al® Cy pr Bl cn® L* vg sp*
was described (see also Lindsley and Grell, 1968).

The mutant is maintained by Williams as ta net vg’c’2 sp/dpth Cy pr Bl e’ L? sp2

Using the same stock provided by the Bowlin; Green stock Center (coded as g396), we noted that homozygous
segregants could not be recovered, meaning that vg®* is lethal or there is a linked lethal on the same chromosome. After
crossing with an Oregon stock, various single recombinant chromosomes were replicated and some lines of homozygous
vg*2 flies were obtained.

The mutant shows excellent viability, wings slightly open, turned down, and distally notched (Figure 1a). It also
shows few trichomes in the triple, double, and posterior rows (Figure 1b), and ectopic bristles (3 or 4) on L3 and L4
veins (Figure 1c).

Complementation tests with various vg alleles show that it is a hypomorph allele (Figure 2). Like most vg alleles it
complements with vg83b 2,

The vestigial gene has been cloned and its transcripts have been characterized (Williams et al., 1988, 1990), so we
have attempted molecular characterization of the vg-strap2 mutant. Molecular analysis done by genomic hybridization
(Maniatis et al., 1989) shows that there is an insert of about 5 kb in the distal part of the gene, between EcoRI (+13)
and HindIII (+15) on vg map (Figure 3).

Figure 1 (see next page). Wings are distally notched (a), wings show few trichomes in the triple, double, and posterior
rows (arrowheads, b), and ectopic bristles on L3 and 14 veins (arrows, c).

Fi%ure 2. Complementation tests with various vg alleles. (a) vg*2/vg®%, (b) vg*/vg>, (¢)
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Figure 3 (at the left). Genomic hybridization of DNA digested with EcoRI and
hybridized with SstI-BamHI probe shows the presence of an insert of about 5 kb (8.6

0.65 — — minus 3.7) in the distal part of the gene, between EcoRI (+13) and HindIII (+15) on the
vg map (Williams et al., 1988).
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Reference: Lindsley, D.L. and E.H. Grell 1968, Carnegie Inst. Wash. Publ. 627; Sambrook, J., E.F. Fritsch, and T.
Maniatis 1989, Cold Spring Harbor Laboratory Press, New York; Williams, 1956, Dros. Inf. Serv. 30: 80; Williams, J.
and J.B. Bell 1988, EMBO J. 7: 1355-1363; Williams, J., A.L. Atkin and J.B. Bell 1990, Mol. Gen. Genet. 221: 8-16.
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Giorgi, G., S. Cavicchi, M.C. Pezzoli, and D. Guerra. Department of Biology, University of Bologna, Via Belmeloro 8,
40126-Bologna, Italy.
app®: approximated spider, a new strong allele of app: 3-37.5

The mutant was recovered after exposure to a magnetic field. Mutant flies show reduced viability. apps seems to be
mainly involved in leg development. All the legs are affected and show reduction of coxa, femur, tibia and tarsal
segments. Body size is smaller than in wild type. Wing size is reduced and wings are slightly open. Flying ability is
strongly reduced and flies walk in a typical way.
Cytology: it is placed in 69A1-3 on the basis of its inclusion in Df(3L)BK9/TM3 = Df(3L)068E;069A401 but not in
In(3L)274/TM6B = In(3L)069403-B03;081F.

Reference: Lindsley, D.L. and G.G. Zimm 1992, Academic Press, Inc., San Diego, California; Akam M.E., D.B.
Roberts, G.P. Richards and M. Ashburner 1978, Cell 13: 215-225.

Giorgi, G., D. Guerra, M.C. Pezzoli and S. Cavicchi. Department of Biology, University of Bologna, Via Belmeloro 8,
40126-Bologna, Italy.
psb: post scutellar bristles, a new mutant on the X chromosome (1-13.9).

The mutant was recovered after exposure to a magnetic field. The mutant is recessive viable. psb mutant flies show
short and thin post scutellar bristles.

Cytology: placed in 5C2-5 on the basis of its inclusion in Df(1)C149/FM6 = Df(1)005A08-09;005C05-06 and
In(1)N73/FM6 = In(1)005C02;005D05-06.

Pérez-Chiesa, Y., M.A. Ramos-Romin, C. Ramos-Delgado, and V.M. Ramos-Otero. Department of Biology, University
of Puerto Rico, Rio Piedras, Puerto Rico 00931.
New lethal mutations.

A sex-linked recessive lethal test done to determine the mutagenicity of ellipticine in the early germ cells of D.
melanogaster gave negative results. Several lethals, presumably of spontaneous origin were isolated during this study
and balanced with chromosome FM6 or FM7. Three of them, I(1)rp1, I(1)rp2 and I(1)rp3 were localized in the genetic
map of the procedure described by Strickberger (1962). Virgin females, //FM6 or I/FM7, were crossed to y cv v f males;
the F, I/y cv v f daughters were allowed to mate freely with their brothers but only their male progeny were scored.
From 1,500 to 2,000 F2 males were classified for each lethal. The mutations were first localized between two markers.
Then, the frequency of crossing over between the lethal and the left marker was calculated and multiplied by the
standard map distance for the region. In addition, we determined the approximate stage of development of the
hemizygous lethal genotype at the time of death. Eggs were collected for periods of four hours from the experimental
crosses: I/FM6 X FM6/Y or |/FM7 X FM7/Y, and from the control crosses: +/FM6 X FM6/Y or + /[FM7 X FM7/Y.
The number of larvae, pupae and adults obtained from the experimental eggs was compared to the number obtained

from the control eggs.

Table 1. Results obtained with the four-point test and approximate time of death for the lethal genotype. All flies were cultured in
Crossovers Standard Map banana medium and tests
Betwsen Lethal Totat Distancs for :

Lethal  Crossover and Left Crossovers in Region Locus of Approximate Stage of were done in an

region Marker Region Lethal Development at Death incubator at 25°C.

(1)1 cv-v 244 568 19.3 220 Embryos and Larvae Results are given in
1(1)rp2 v-{ 234 422 237 461 All stages, but mainly pupae Table 1
1(1)p3 cvev 247 498 19.3 233 Larvae and pupae apble L.

Reference: Strickberger, M.W. 1962, Experiments in Genetics with Drosophila, John Wiley and Sons,
Inc., New York.
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Mutation Notes - Other Species

Etges, William J, Department of Biological Sciences, University of Arkansas, Fayetteville, Arkansas 72701 U.S.A.
New and undescribed mutants of Drosophila mojavensis.

A number of previously undescribed and newly arisen spontaneous, recessive mutations from natural and
laboratory populations of cactophilic Drosophila mojavensis are described herein. Geographical locations mentioned
are listed in Etges (1990). Because of the paucity of morphological genetic markers in this species, the locations for the
autosomal mutants remain to be determined. The only morphological mutants so far assigned to particular
chromosomes are either X linked or have been previously assigned through linkage analysis using allozyme markers
described by Pantazidis and Zouros (1988; recessive mutant brown eye, br, located on the fourth chromosome). All
mutants are available from the author and will be deposited in the Bowling Green Stock Center.

X chromosome:

yellow body, y, absence of most dark body pigmentation, abdominal tergites lightly banded, and most significantly, all
spots at the base of the hairs on the thorax, the key character for the entire repleta species group, are missing. Ay allele
with similar effects is also known from D. hydei (Spencer, 1947). Derived from an inbred line from Punta Onah, Sonora,
collected in 1988.

tan body, t, slight reduction in dark pigmentation. Derived from a laboratory population from Punta Onah, Sonora,
collected in 1991.

white eye, we, no eye color pigment, does not effect male testes coloration. This mutant was isolated from separate
made collections in 1988 and 1989 from Punta Prieta, Baja California Norte. Therefore, this allele must be be
segregating in low frequency in nature.

vermilion eye, v, bright red-orange eyes. This strain has been in culture in W.B. Heed’s lab for years. He obtained it
from L.E. Mettler, and it originated from wild flies collected in the Chocolate Mountains in southern California, U.S.A.

Autosomes:

adobe, ad, dark brick red eyes. This was isolated by Richard H. Thomas from a stock collected in the Cerro Colorado
region near Desemboque, Sonora. It is not the same as br described by Pantazidis and Zouros (1988). F2 progeny from
ad X br crosses contained both phenotypes and a very dark brown eye phenotype, but it has not been determined
whether these two are independently assorting.

ruby, ru, dark red eyes. Derived from a stock collected from the Santa Rosa Mountains near Tucson in 1988.
Several compound mutants have also been constructed:

vermilion eye-ruby eye, v-ru. These flies have an apricot eye color (duplicate recessive epistasis).

yellow body-adobe eye, y-ad.

References: Etges, W.J. 1990, Ecological and Evolutionary Genetics of Drosophila (J.S.F. Barker and W.T. Starmer,
eds.), Plenum Press, pp. 37-56; A.C. Pantazidis and E. Zouros 1988, Heredity 60:299; Spencer, 1947, Adv. Genet. 1:359.

Mestres, F. Dept. de Genetica, Universitat de Barcelona, Spain.
A wing mutation in D. subobscura.

To study the viability in homozygous condition of O chromosomes of D. subobscura from Bellingham
(Washington), appropriate crosses using the lethal balanced strain Va/Ba were performed (Sperlich et al., 1977; Mestres

et al,, 1990). One of the chromosomal lines obtained in homozygous condition presented a wing mutation. Veins 14
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and L5 did not reach wing margin (Figures 1 and 2). All individuals analyzed presented this phenotype. Furthermore, a
small number of flies had the same alteration also in vein L2 (Figure 3). The mutation is recessive and located in the O
chromosome. Probably, this mutation is similar to shv described by Burla (1968), although they differ in some aspects.
The mutation could be qualified as rank RK 1.

References: Sperlich, D., H. Feuerbach-Mravlag, P. Lange, A. Michaelidis and A. Pantzos-Daponte 1977, Genetics
86: 835-848; Mestres, F., G. Pegueroles, A. Prevosti and L. Serra 1990, Evolution 44: 1823-1836; Burla, H. 1968, Dros.
Inf. Serv. 43: 76-78.

Figure 1. Aspect of the vein L4,

Figure 2. Aspect of the vein LS,

Figure 3. Small number of flies had
the alteration in vein L2, too.

Standing Orders

Several years ago, formal standing orders were discontinued, due to the need to obtain prepayment for issues. "Standing
Orders" are now handled through a mailing list of active subscribers. All individuals on the active subscriber list will
receive notices for forthcoming regular and special issues and a Standing Order Invoice to facilitate prepayment. If you
would like to be added to the Drosophila Information Mailing list, please write to the editor, Jim Thompson, at the
address on the front.
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Technique Notes
Fukui, H.H. and A.W. Kirscher.  University of A chamber specifically designed for longevity
Minnesota, St. Paul MN US.A. Thanatometer II: A measurement of Drosophila melanogaster
chamber designed for large mixed-sex populations of (Thanatometer) has been reported (DIS 71, pl80).
Drosophila melanogaster. Here we expand the same basic concept: 1) To enlarge

the capacity of the chamber to enable us to test larger

sample sizes, and 2) To measure mixed-sex populations.
The first goal is accomplished by using a larger chamber. The second goal is accomplished by connecting two chambers
to make a single unit. Then, application of the food source can be alternated to each subunit to restrict the development
of eggs. The results from an experiment using these new chambers (Thanatometer II) indicated that: 1) We were able
to test approximately 1000 flies per chamber, and 2) Egg development was suppressed enough to eliminate development
of progeny.

A complete chamber is shown in Figure 1. The main part of these chambers is a one gallon (3.79 liter)
Polyethylene Terephthalate jar manufactured by Jareen Co. (3355 East Slauson Avenue, Los Angeles, CA). First a 2.25"
x 7" ventilation hole was cut out of the handle area of the jar and covered with mesh screen. Next, a 4" in diameter hole
was cut of the opposite side and about 0.5" from the top. To make one chamber, two of these jars were put together
with a 1.75" long tube of acrylic tubing with an outer diameter of 4" and an inner diameter of 3.25". The approximate
space between the two jars in one chamber is 1.5".

Figure 1.

Then one hole approximately 13/32" in diameter was cut into one side of each jar near the bottom. The hole was
covered with three layers of rubber sheet with cross-hatched incisions. A glass tube connected to a vacuum pump was
inserted to collect dead flies daily. One additional hole was drilled in the side of one of the two chambers and was used
to transfer flies into the chamber at the beginning of the experiment.

Finally, a piece of mesh screen large enough to cover the 4" mouth was held on and held taut with a hose clamp.
Glue (Shoe Goo II; Eclectic Products, Inc. Carson, CA) was used to fasten together all parts of these chambers.

The standard yeasted-cornmeal-molasses media was placed in the screw top lids of the jars. The lid was placed on
one side of the chamber and a sponge sitting in water was placed under the other opening. In this way the flies could get
food only from one side of the chamber and moisture could be kept high in the other side. The culture media were
replaced every day. To prevent egg development, we altered the side of the cage with media so that eggs on the mesh
screen would not develop. With some of the lines of flies it was necessary for the bottom of the mesh screen to be
scraped to remove eggs to help ensure they would not develop to the pupa stage.
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The flies in our experiment lasted 16 weeks and we started out with as many as 1200 flies in a single chamber. The
labor involved to maintain 21 chambers at once never became more than one person could handle in a day
(approximately 4-5 hours a day was spent at a peak time of fly deaths).

Acknowledgment: This work was supported by NIH grants "Oldest-old Mortality" to J.W. Curtsinger and J. Vaupel

(PO1AG08761).

Lim, Jobng K. Department of Biology, University of This detailed protocol outlines in situ hybridization

Wisconsin-Eau Claire, Eau Claire, Wisconsin. In situ with biotinylated DNA.  Direct questions and

hybridization with biotinylated DNA. suggestions to: Johng Lim, at (715)-836-3860; FAX,
(715)-836-2380; or Internet, LIMJK@UWEC.EDU.

PREPARATION OF SLIDES

1. Prepare unstained polytene chromosome slides.

A recommended practice:

a.

-

Dissect a well-fed larva in 45% acetic acid on a siliconed slide. Use stainless steel needles for dissection.
Creamy-white colored glands with dense cytoplasm yield the best results in preparing the chromosome
squashes. Do not proceed further if the glands are translucent in appearance and deflate and shrivel in the acid.

. Cut away salivary ducts and anterior part of the glands with smaller gland cells.

Transfer the dissected salivary glands to a new drop of 45% acetic acid. Frequently, the membrane surrounding
the gland cells and the fat body cells attached to the membrane will detach from the gland cells within a minute
or two.

. Transfer the salivary glands, free of attached fat body cells and membrane, into a small drop (ca. 15-20 ul) of

fixative composed of 1:2:3 = lactic acid (86%):water:glacial acetic acid on a clean siliconed coverslip. Fix the
gland cells for about three to five minutes.

Pick up the coverslip with the fixed gland cells on it with a clean slide* (not treated with silicone). Squash the
cells and spread the chromosomes. This can be accomplished by gently tapping the coverslip with the eraser
end of a pencil, or gently streaking over the coverslip with a needle, or a combination of both. Be patient. You
will be able to make superb squashes in no time!

*I use a specially painted slide ProbeOn Plus microscope slide from Fisher Scieatific, Catalog number
15-188-52, directly from the box. This slide is convenient for treating the slides with Vectastain (see 10 below).

Keep the slides with chromosome squashes at room temperature for several hours, but no more than ten hours.
After several hours, chromosomes and cytoplasmic materials will reach an equilibrium. Freeze the slides in
95% ethanol chilled to -70°C with dry ice for about an hour. Pry off the coverslip with a razor blade. Then
make sure to return the slide without a coverslip into 95% ethanol chilled to -70°C. Unlike stained
chromosomes, unstained chromosomes lose their banding details when they are placed in ethanol at room
temperature. Apparently, a temperature jump of 100 degrees causes a disruption of chromatin organization. If
you are curious about this recommendation, try a small experiment with ethanol at room temperature and at
-70°C. You will never again want to subject unstained chromosomes to such a drastic shift in temperature. Let
the slides return to room temperature gradually (it takes about three hours).

Most people cannot make 100 slides of polytene chromosome squashes a day. You may want to store
slides until you have collected a large number of slides for processing. The slides with coverslips can be stored
for about a week in 95% ethanol at -75°C in an ultralow freezer set at this temperature. However, it is best not
to keep them longer than a week.

2. Heat treat the chromosomes by placing the slides in 2 x SSC and incubate at 65°C for 55 to 60 minutes. After the
incubation, leave the slides in 2 x SSC at room temperature for about 45 minutes. During this time, the
temperature of 2 x SSC will approach 35°C. Transfer the slides into 2 x SSC at room temperature and leave them
in it for about 5 minutes. Now, you are ready for the next step.

3. Denature the chromosomal DNA in 0.14 M NaOH in 2 x SSC (pH should be ca. 11.7) for 3 minutes.
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A recommended practice:
Prepare the solution by diluting 7M NaOH solution in 2 x SSC.

4. Rinse in fresh 2 x SSC twice, 5 minutes each. (Start step 7 for hybridization.)

5. Dehydrate the slides by passing through 70% ethanol twice and 95% ethanol once or twice, ten minutes each, and let
the slides air dry for at least ten minutes.

HYBRIDIZATION
6. Nick translation of the probe DNA,

A recommended practice:
Prepare the following solutions and agents:

(1) DNAse I stock solution. Prepare 1 ug/ul solution of DNAse I (Worthington, DPFF grade) in autoclaved
50% glycerol. Keep the solution in -20°C freezer.

(2) 10x Nick translation buffer. Can be stored at -20°C in small aliquots.
0.5 M Tris-HCI, pH 7.5
0.1 M MgSO
1 mM dithiot‘in-eitol (DTT)
500 ug/ml bovine serum albumin (BSA)

(3) Hybridization buffer (to make 1 ml). Can be stored at -20°C in small aliquots.
100 ul 20 x SSC
200 ul 50% dextran sulfate
500 ul formamide
200 ul deionized water

1000 ul total

(49) GAC mix, a mixture of dGTP, dATP, and dCTP (0.3 mM each). This mixture can be stored at -20°C in
small aliquots,

(5) Just before nick translation, prepare 1/400 dilution of 1 ug/ul solution of DNAse I by mixing 400 ul of
TM10 (10 mM Tris, pH 7.5; 10 mM MgClL)) and 1 ul of DNAse I stock solution in (1) above.

Nick translate the probe DNA by mixing:

10 x Nick translation buffer 2.5ul
GAC mix 25ul
Bio-16-dUTP (Boehringer Mannheim
Cat. No. 1093 070) 20ul
probe DNA ca.0.5ug
DNAse I (1:400 dilution) 15ul
distilled deionized water to 25 ul (Remember to adjust for DNA polymerase I)
DNA polymerase I 10 units
Leave the mixture at room temperature for 60 minutes. Stop the reaction by adding 25 ul of 50 mM EDTA, pH
8.0.

Add about 20 ug of carrier DNA (Herring sperm or salmon sperm DNA or equivalent) and 5 ul of 3 M sodium
acctate and gently tap the tube. Precipitate the DNA by adding 250 to 300 ul of ice-cold 100% ethanol.
Incubate at -20°C for a few hours at least.

Recover the DNA by centrifugation and dry under vacuum for about 10 minutes. Resuspend the pellet in 75 ul of
hybridization buffer. The probe in the hybridization buffer is stable for at least one year.
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7. Denature the probe at 65°C for 5 minutes (or 95°C for 10 minutes if the probe does not contain formamide), and
quench on ice for at least several minutes before use. Apply 10 ul of denatured probe to each slide, cover with a
coverslip, and seal the edges of the coverslip with rubber cement.

8. Hybridize for about 20 hours at 37°C.
WASHES AND DETECTION

9. Carefully remove rubber cement and place the slides in 2 x SSC for a minute or two. The coverslip will fall off in 2 x
SSC. Wash slides as follows:
2 times 10 minutes each in 2 x SSC pre-warmed at 37°C.
2 times 5 minutes each in 1 x PBS at room temperature.
Wash for 2 minutes in 1 x PBS with 0.1% Triton-X-100.
Rinse for 5 minutes in 1 x PBS at room temperature.

A recommended practice:
10 x PBS:
1.3 M NaCl
0.07 M Na,HPO,
0.03 M NaH,PO,

DO NOT LET SLIDES DRY OUT AT ANY TIME AFTER THIS STEP OR YOU WILL HAVE A LOT OF
BACKGROUND; KEEP IN PBS IF NECESSARY.

10. Mix 10 ul each of reagent A and B in Vectastain ABC Kit** to 1.25 ml of 50 mM Tris, pH 7.6, 4% BSA. Let stand
at least 5 minutes at room temperature before use. (It is convenient to freeze 1.25 ml aliquots of the buffer/BSA
solution).

** Vectastain ABC Kit can be purchased from:
Vector Laboratories, Inc., 30 Ingold Road, Burlingame, CA 94010. The one I am using is Elite Standard, Cat.
No. PK6100.

11. Tap remaining PBS solution off slides and add 200 ul of Vectastain complex to a slide. Cover the first slide with
second slide with chromosomes on the second slide facing those on the first slide. The result is a two-slide
sandwich with Vectastain filling with chromosomes in each slide sharing a common Vectastain. Incubate the "slide
sandwiches" at 37°C in a moist chamber for 30 minutes.

12. Separate slides in PBS and wash in PBS twice, for 5 minutes each.

13. Make up a fresh solution of DAB (3,3’ diaminobenzidine tetrahydrochloride grade II, available from Sigma, Cat.
No. D-5637) at a concentration of 0.7 mg/ml in 0.05 M Tris pH 7.6 that has been pre-warmed to 37°C.
Immediately before use add 10 ul of 30% hydrogen peroxide for each 5 ml of reagent. (CAUTION: DAM IS A
CARCINOGEN - WEAR GLOVES. Also, it is an unstable compound at room temperature, and it is
photo-sensitive in base form. Take necessary precautions to avoid exposing the solution to direct light, especially
sun light -- we dissolve it in dark room with constant stirring for about a minute, and stir additional several seconds
while hydrogen peroxide is added.)

A recommended practice:
Dissolve about 0.21 to 0.22 g of DAB in 300 ml of 50 mM Tris, pH 7.6 in a staining dish with magnetic stirrer.
Make sure that DAB is completely dissolved. Then add 600 ul hydrogen peroxide. We freeze hydrogen
peroxide in 1 ml aliquots at -70°C.
DAB and contaminated glassware can be deactivated by bleach.

14. Place slides in DAB solution and incubate for 15 to 20 minutes at 37°C.

15. Wash slides in PBS for 5 minutes and rinse well in distilled water and air dry.



76 Technique Notes DIS 72 (July 1993)

16. Stain with Giemsa stain (1% solution in 50 mM phosphate buffer, pH 7.0***) for 5 minutes. Rinse well in distilled
water and dry in vacuum for about 30 minutes. Clear the slides by dipping them in xylene for a second or two and
mount a coverslip with euparal. Make the slides permanent by warming them at 50°C for several hours to
overnight. Study with a phase contrast microscope. Chromosome bands will show up as light sky blue color,
strongly labeled bands will show up as brown-black color while weak labels show up as faint brown-colored bands.
If the slides are to be studied with brightfield optics, stain the slide in 5% Giemsa for 10 minutes, then proceed with
washing and mounting as recommended above.

A recommended practice:
*** 50 mM phosphate buffer, pH 7.0
To make 1,000 ml, mix 850 ml distilled water, 125 ml of 0.2 M Na,HPO,, and 25 mlof 1 M NaH,PO,. Then
adjust pH, if necessary.

Additional Comments and Recommendations

1, a. Stainless steel needles for dissection:
A surgical needle fastened into the end of a 1/4-inch-diameter dowel about 5 inches in length serves as an excellent
needle for dissection.

1, d. A method for transferring the gland cells without membrane:
Gently push the glands without membranes onto the tip of a dissecting needle with another needle. Bring the
needle tip with the glands to the surface of the 45% acetic acid with a quick motion, remove the needle with the
gland cells from the acid. Then transfer them to the fixative. Transfer the glands to the fixative soon after (in a
minute or two) the membrane has been removed because the cells start to separate from each other quickly in
many of the glands. In other glands, cells do not separate.

1, f. The slides can be stored in ethanol at -70°C for more than a month. However, slides kept for a long time (more
than about two weeks) do not hybridize as well as those kept for only a few days. It is best to use (hybridize) them
as soon as you can. The chromosomes for hybridization are like eggs -- the fresher the better.

2. The purpose of heat treatment:
The heat treatment of the chromosomes is an important step in stabilizing the structure of bands (chromomeres).
A prolonged heat treatment yields chromosomes with excellent banding pattern, but difficult to hybridize with
biotinylated-DNA probes. Chromosomes that have been heat treated for two hours retained an excellent banding
pattern, but failed to show good hybridization signals in two tries.

11. A method for tapping PBS:
Firmly hold a corner of the slide where there are no chromosomes and shake it three or four times in the air. You
will still have a thin film on the slide, especially in the area where the chromosomes are present, but this small
amount will not affect the outcome.

13. A method for preparing DAB solution:
Place 300 ml of 50 mM Tris that has been pre-warmed to 37°C in a staining dish, and place it on a magnetic stirrer.
While the Tris solution is being stirred, add 0.21 to 0.22 g of DAB. Continue stirring for about one minute, add
hydrogen peroxide, stir for a few minutes, then place your slides for incubation. The solution should be almost
colorless. A deteriorated DAB will yield a solution with a light salmon color.

16. The source of Giemsa stain and euparal:
Bio/medical Specialties, P.O. Box 1687, Santa Monica, CA 90406. Tel: (310) 454-1995
Giemsa stain ..... Gurr’s improved R66 Giemsa’s stain, It comes in 100 ml, 500 ml, or in 1,000 ml bottle,
Euparal .............. It comes in 250 ml bottle.

Xylene treatment: Xylene removes Giemsa stain. It is best not to keep the slides in xylene for more than a few seconds.
You may, of course, destain your over-stained slides with xylene.
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Acknowledgments: I thank Bibba Goode of the Laboratory of Genetics, NIEHS, for her protocol, which served as
the beginning material to arrive at this version. I also thank Todd Laverty and Dena Johnson-Schlitz for useful
suggestions and discussions.

Manock-Wehrman, R., R.D. Seager and V.S. Berg. We describe an apparatus which allows the
Department of Biology, University of Northern Iowa, determination of behavioral responses of Drosophila to a
Cedar Falls, Iowa 50614. A behavioral apparatus with temperature gradient when the relative humidity is low
low humidity for determining temperature preferences but ecologically reasomable (17-21%). It is a
of Drosophila. modification of the apparatus described by Hostert et al.

(1987). The temperature gradient (Barbour and Racine,

1967) is created along an aluminum bar (110 cm long, 48.5 cm wide, and 0.6 cm thick) by placing its ends in cold (-2°C
with antifreeze) and hot (40°C) water reservoirs. The behavioral apparatus is placed directly on the temperature
gradient bar.

The behavioral apparatus is made of sealed 1/4 inch acrylic, is 65 cm long, 11.5 cm wide and 8.5 cm high and is
without a bottom (Figure 1; the vertical dimension in this figure is exaggerated in order to allow detail to be seen). All
internal acrylic surfaces are covered with clear Teflon film to prevent water from diffusing from the acrylic into the
apparatus. The apparatus is divided into six compartments (internal dimensions of each are 10 cm long, 10 cm wide, 1
cm high). The compartments can be separated by 1/8 inch acrylic partitions (10 cm wide, 6 cm high with additional 4
cm handles). The handles extend through slits in the top of the apparatus to the outside, thus allowing the partitions to
be raised or lowered from the outside.

Lids (2 cm high, 9.3 cm wide, 9.5 cm

long) of each compartment have acrylic sides PARTITION

and nylon mesh bottoms. Insulating window N

seal foam on the sides of the lids seals them in TOP

place. Lids are supported by small acrylic

blocks in the cormers of the compartments TRAY 5 l L L Ll l

(Figure 1). LID T O AT O 1T p [ O N o 1o 1
Teflon coated trays (9.3 cm, 6.3 cm, 2.0 v N 4

cm high) of 1/4 inch acrylic sides and 1/8 inch BLOCK HOLE GRADIENT BAR

acrylic bottoms are filled with desiccant and

placed on top of the lids. Indicating Drierite is used as the desiccant and maintains a relative humidity of 17-21% RH
throughout the apparatus. Mini-hygrometers (available from museum supply companies) are placed in the apparatus at
each end and in the middle and are used to measure relative humidity. Thermocouples are placed at each end of the
apparatus and between the compartments to measure temperature. They are shielded from direct radiation by
aluminum foil. We use a temperature range of 14°C to 32°C in the apparatus. Difference in temperature from the top
of each compartment to the gradient bar is less than one degree.

The top of the apparatus is a sheet of 1/4 inch acrylic (11.5 cm long, 65 cm wide) with insulating window seal foam
to seal it to the acrylic frame using clear weights on the top. Space above the desiccant trays below the top allows for
free air circulation.

We introduce twenty flies into each closed compartment through a 0.6 cm diameter hole drilled into the outside
frame in the center of each compartment, below the compartment lids. After introducing the flies into the closed
compartments, the holes are plugged with rubber stoppers (size 000). The partitions are raised and the flies are
permitted to move freely within the apparatus for two hours. The partitions are then lowered, separating the flies based
on their temperature preferences. The top of the apparatus and the desiccant trays are removed and the lid to each
chamber is carefully removed so flies can be aspirated and counted.

Only flies of the same sex and age are tested at one time to minimize behavioral differences. To minimize
physiological differences, flies are kept in controlled temperature (20°C) and humidity (35% RH) growth chambers set
on 24 hour light cycles. All testing is done at the same time of day to minimize the effects of circadian cycles.

Acknowledgments: We wish to thank J. Cunningham, J. Trainer and P. Whitson for help with designing this
apparatus.

References: Barbour, M.G. and C.H. Racine 1967, Ecology 48:861-863; Hostert, E.E., R.D. Seager and V.S. Berg
1987, DIS 66:161-162.
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Reuter. G G. Hoﬂ'mann R. Dorn_, I Gausz and H. In order to have a third chromosomal efficient
Saumweber_ Institut fur Genetlk Martin-Luther- balancer carrying a genetically stable P element
Universitat, Halle, Germany; Institute of Genetics, transposase source for genetic manipulation of P
Biological Research Center, Hungarlan Academy of transposons, the P[(ry*)delta2-3](99B) element
Sciences, Szeged, Hungary; Institut fur (Robertson et al., 1988) has been mtroduced into a
Entwicklungphysiologie, Universitat Koln, Germany. 7M3ry Sb e chromosome. Thery mutation (X ray
Construction and characterization of a TM3 balancer induced onto TM3 by B. Wakimoto, unpublished) has
carryingP[(ry+)delta2-3] as a stable transposase source. been used to select for a rearrangement of

P[(ry” )delta2-3] into this balancer chromosome after X
ray treatment.

Females of the constitution +;7M3 ryRK Sb e/ry506 P[(ry*)delta2-3](99B) were irradiated with 4,000R X rays and
crossed to ry /ry5 males In 34,335 TM3,ry RK b e/ (ry Sb) offspring (hatched from eggs laid after the fifth day
post irradiation) two ry* Sb exceptional ﬂxes were isolated and stocks heterozygous with multiply marked third
chromosomes were established. The Sbh ry* exceptional chromosomes carry the recessive markers ri and e. They
balance effectively the third chromosome. Cytological examination of both exceptlonal strains proved that the TM3
balancer chromosome was present which had no new visible rearrangements. The ry function is absolutely lmked to
Sb. No differences were found in the frequency of losses or putative jumps of ry* compared to the or1gma1 ry % sp
P[(ry )delta2- 3](99B) chromosome (Table 1). In the stocks constructed (+;TM3, ry K Sb e
P[(ry* )delta2- 3](99B)-2/ry Df(3R)C7 and w™"; TM3 ryRK Sb e P[(ry*)delta2-3](99B)-2/Ly) the P[(ry" )delta2-3]
element proved to be stably inherited with the TM3 ryRK Sb e chromosome and no loss was found.

Table 1. Frequency of losses and jumps of ry* in the TM3, ryRK Sb e P(ry*) A2-3] chromosomes. Results of crosses
of TM3, ryK sb 6 P [(ry*) A2-3) 1 ryP06 x ry506 ;1,506

Offspring

Jumps Losses

Expariment Shry* Sb* ry” Sb* ry*t Sbry
_1y®96/ /506 x ry506 Sb P [(ry*) A 203] /ry596 (control) 1,738 978 5(1.8x109) -
1y306 1 1y%06 x TM3, K Sb 6 P(ry*) A2 - 3) (99B) - 1 /y06 231 263 - -
T3, Y™K Sb e P(ry*) A2 - 3] (998) - 1 /1506 x 1506 /1506 152 162 - -

1y%96 /1y508 x TM3, K Sb 6 P[(ry*) A2 - 3] (99B) - 2 /506 665 605 — 1(7.9x 10°%)

M3, ryfK Sb 6 P [(ry*) A2 - 3) (99B) - 2/ ry506 x /506 7 /506 231 263  1(20x109 -

Table 2. Transposase activity in somatic cells of a the genotype w/ Y: P( w: IyA R) 038/ TM3, ryRK SbeP The transposase aCtIVIty

[{ryYya2-3) (Control: w/ Y ; P(w: AR 038/ SbPliry*) A 2-3) of the P[(ry )delta2 3]
- element in the TM3ry Sb
Offspring males
Control Sb+ Sb e chromosome was tested
Experimental Cross no with no with using the w P transposons
mosaics mosaics mosaics mosaics

w, P(wr H)oea/P(w:yAHSosax 505 — — 621 P(w: r%:{ )038 and

6 b P[(ry*) A 2 - 3]/ TME (Control) (85.1%) P[(w)A"]923 (Hazelrigg et

A, e, al., 1984) or with the P

w, P (w: 038/ K§W "1)038 x 106 - - 69 insertional mutations sn™
. . (39.4%)

+1Y; TM3 /K Sb e P[(ry") A 2-31(99B) - 1/ /506 (En%els, 1984).

w, P(wryAPoss/p éw.lyA'R)OGBX 107 - — 97 P(w:ry )038 is inserted

+1Y;TM3, iR Sbe Pl(ry*) 8 2-3] (998) - 2/ 1506 (47.5%) into euchromatin whereas

P[(w)AR]923 is inserted into
2R heterochromatin and
shows a strong white
position-effect  variegation.
The results presented in Tables 2-4 clearly demonstrate that the two TM3,ry RK sb e P[(ry* )delta2-3] chromosomes carry
an efficient P transposase source.

In situ hybridization with ry probes revealed in both TM3 ry Sb e P[(ry”" )delta2-3] chromosomes signals in 88D
and 99B (Figure 1). Therefore, we concluded that the P(ry* )delta2-3] element in both chromosomes is at the same site
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as it was originally in the ry506 Sb P[(ry* )delta2-3] chromosome at 99B. On Southern blots (BarmHI digested DNA)

using p 25.1 as a probe, only a single fragment with P element homology is found indicating that the strain is free of any
other P elements. Plots (after Xho dlgestlon of DNA) with a 7.3 HindIll ry* DNA fragment showed no differences in
ﬂankmg sequences between the TM3, ly Sb e Pf (ly )delta2-3] chromosomes. Therefore, it is concluded that the
P[(ry* )delta2-3] element in both TM3,ry RK Sb e P[(ry”" )delta2-3] chromosomes probably was recombined into the TM3
chromosome by an X ray induced reciprocal exchange.

The chromosomes
already have been successfully
used for a genetic analysis of
third chromosomal P
transposon induced mutations
(suppressors and enhancers of
position-effect variegation) as
well as for mobilization of
enhancer trap elements in
both females and males (Dorn
et al., in preparation).

A sample of the
+;TM3,ryRE Sp e
P[(ly )delta2- 3](99B)-2 Df(3-
R)C7 and w™TM3,y" Sb €
P[(ry* )delta2-3](99B)-2/Ly
the P[(ry*)delta2-3] was sent

Table 3. Test of transpasase activity in w/ Y: P [ (w) AR 1923/ TM3, yFK Sb e P[ (ry*) A 2- 3 | males

Offspring males
Control Sh+

Experimental Cross no with no with
mosaics mosaics mosaics mosaics

Control 613 — 572 47
w, P[ (WA 9237 P (wAR) 923 x (7.6%)

9% SbP(ry)A2-3]/ TMS

w, P[ (wAM 923/ S(AR]923x 130 — 100 12
+/Y;TM3,;17 SbeP[(ryH A2-3](998B)- 1/ /506 (1.2%)

w, P[ (WA 923/ S(AR]923x 133 — 111 14
+/Y:TM337 SbeP{(ryH A2-31(998B) -2/ y506 (1.1%)

Table 4. Test of transpasase activity in males of the genotype y sn¥ / Y; ry506 / TM3, ryRK Sbe P[(ny*)Aa2-3)
originated by a cross of y snW; ry506 females with +/Y; TM3, nKSbeP[(nhAa2-3]/ /5% males.

to the Bloomington Drosophila Offspring males

Stock Center. Experimental Cross n%OntTOI S?va no with
References:  Engels, mosaics mosaics  mosaics mosaics

W.R. 1984, Science 226: Control:

1194-1196; Hazelrigg, T., R. ysn#/Y;1y506 /1y506x /506 sb P[(ry*) a2 -3/ TM6 26— 2 201

Levis and G.M. Rubin 1984, y s /Y 1y506 11,506 y 1,506 Sp pl(ryy A 2 - 3]/ 1y506 63 — - 54

Cell 36: 469-481; Robertson,

HM, CR. Preston, RW.

Phillis, D. Jonson-Schlitz,

W.XK. Benz and W.R. Engels

1988, Genetics 118: 461-470.

Figure 1. In situ localization of

P[(ry* )delta2-3] on polytene chromosomes.
A, DNA staining with Hoechst dye-. 3R
telomeric and indicated by a circle-.
limits of numbered subdivisions 90 and 100
are shown by small arrow heads.
Hybridization signal visualized by
rhodamine-labeled streptavidin-. Bar 2 um.

The

B,
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Simmons, M.J. and E.A. Drier , Department of Genetic transformation with transposable element
Genetics and Cell Biology, University of Minnesota, St. vectors has become a standard technique in Drosophila
Paul, Minnesota 55108-1095, USA. Present address: research. To date, two transposons, P and hobo, have
Department of Molecular Biology, Princeton University, been developed for use as transformation vectors. In a
Princeton, New Jersey 08544, USA. An apparatus for typical experiment, the transposon DNA is injected
the microinjection of Drosophila embryos. through a fine capillary needle into the posterior pole of

pre-blastoderm embryos. Injected animals that survive
to the adult stage are mated to a standard stock, and
their progeny are examined for genetic transformants.

Many researchers perform the injections with a micromanipulator and an inverted microscope in a room kept at
18°C. We use a different set up that is less costly and more comfortable for the researcher, but that still gives excellent
results.

Our apparatus (Figure 1) is set up on a sturdy
wooden table in a room kept at 20-21°C. A standard
stereo-dissecting microscope with 20X eye pieces and a
1-4X zoom objective has been attached to a vertical
power stand so that the microscope can be focused by
foot pedal controls. This convenient feature frees the
researcher’s hands for micromanipulations with the
embryos. The microscope stage is a simple platform
constructed from several layers of plywood (4 in x 4 in
x 3/8 in) that have been glued together and fastened to
the table by stout screws. The top of the stage is a
removable metal block with a smooth, painted (yellow)
surface. It is illuminated by a cool, fiber optic lamp
fixed to the end of a flexible goose-neck.

The micromanipulator is attached to a column that
is fastened by a magnetic chuck to a metal plate (10 in
x 12 in x 1 in) that has been screwed to the underside
of a window cut in the table top. This arrangement
offers flexibility in the placement of the
micromanipulator relative to the microscope stage.
The injection needle is set in the front end of a
microvise mounted in the micromanipulator. The back
end of the microvise is connected by a luer-link to
plastic tubing, which is, in turn, connected by another
luer-link to a glass barrel syringe partially filled with
water. The syringe is held in a microinjector with a set
screw that allows fine control over the position of the
plunger. Depressing the plunger transmits pressure
through the tubing to the microvise and into the
injection needle, causing fluid to flow out the tip.

Figure 1. Injection apparatus. (1) stereozoom Table 1. tems in injection apparatus.
microscope, (2.) fiber optic ﬂl}lmm.ator, 3) power .stand, Woodon table p—
(4) micromanipulator, (5) microvise, (6) microinjector, gt;reozoom microscope $ 850
. . (1) i
(7) control box for power stand and illuminator, (8) foot Bond?,f; e 2 f&
Power stand with power box and double foot switch $1790
pedal focus controls, (9) stage (metal b19ck on top of Fibor opti fluminator 3 260
wooden platform), (10) metal plate set in table, (11) Micromanipulator $ 650
. . Column stand on magnetic chuck $ 110
column stand with magnetic chuck. Microvise $ 28
Microinjector with tubing, syringe and two luer connections $ 145
Metal plate $ 20
Wooden stage $ 10
Metal block $ 5
Capillary tubes $ 42

Total $4388
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Needles are pulled from omega dot capillary tubes (1.0 mm OD x 0.75 mm ID) that have been cut in half and are
loaded with DNA solution from the back. The inner fiber in these capillary tubes facilitates movement of the solution to
the needle’s tip. We add sterile blue food coloring to the solution to make it easier to see. After loading, the back end
of each needle is closed with dab of halocarbon oil to prevent water from the syringe from entering and diluting the
DNA. A loaded needle is set in the microvise and locked in place by screwing down the collar around it. Water is
drawn up into the plastic tubing from a beaker by depressing the plunger in the syringe all the way, and then allowing the
plunger to return to its resting position. The free end of the tubing is then attached to the back end of the microvise,
bringing the standing pressure in the syringe to bear on the DNA solution in the tip of the needle.

We break the tip of the needle by gently pushing it into the side of the tape on the microscope slide that carries the
embryos prepared for injection. Usually only a tiny piece breaks off and fluid flows immediately from the tip. The flow
rate can be determined by injecting a few embryos; if it is too slow, more pressure can be applied by turning the set
screw on the syringe barrel. If it is too fast, the aperture of the needle is too wide and a new needle with a better tip
must be installed.

Embryos are collected on fruit juice/agar/live yeast petri plates during 15-30 min egg-laying sessions. After
collecting, we chill the plates at 4°C for 20-30 min to make the embryos more rigid; embryos treated in this way are
easier to handle, especially during the dechorionation process. The embryos are transferred to a thin band of
double-stick tape that is slightly indented from the long edge of half a microscope slide. We use water and a paint brush
to wash the embryos from the collecting plate into a black cloth sieve, and then pick the embryos off the sieve and onto
the microscope slide with a metal dissecting needle. The posterior of each embryo points to the edge of the slide. The
embryos are dechorionized by rolling them over the tape on the slide. Some researchers have found that this step is
unnecessary as long as the injection needle is sturdy enough to puncture the chorion. Dechorionated embryos are
desiccated in a box with drying chips at 4°C for about 5 min, or until the vitelline membrane just begins to wrinkle, and
then covered with a thin film of halocarbon oil. Injection follows immediately. Because the stage of our apparatus is not
equipped with a caliper, we position the embryos for injection by moving the slide manually. This requires a steady left
hand. The micromanipulator is adjusted with the right hand. It is usually not necessary to change the height of the
injection needle, which we keep essentially horizontal, so the main adjustment is to move the needle in and out as the
embryos come into alignment. The stereomicroscope provides excellent depth perception, so the entire process is
viewed in three dimensions. A magnification of 70-80X is quite adequate.

After injecting, a thin strip of culture medium is set alongside the embryos to provide food for the hatching larvae
and to soak up excess halocarbon oil. Each slide is put on moistened blotting paper in the bottom of a large plastic petri
dish, which is, in turn, put in a sealed tupperware container to maintain high humidity. The container is incubated at
25°C and hatched larvae are picked from the slides into vials at daily intervals. We put 10-20 larvae into a vial and
collect hatched adults from the vial as virgins. Survival depends very much on the injection technique, but typically
10-30% of the injected embryos reach the adult stage, and the vast majority of these are fertile.

Table 1 summarizes the items in our apparatus, along with estimated costs. The total is less than what one would
pay for most inverted microscope systems, so researchers on limited budgets might find our set up very attractive. It is
simple and comfortable to use and gives excellent results.
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Coyne, J.A. Department of Ecology and Evolution, The
University of Chicago, 1101 E. 57th St., Chicago, IL
60637. Absence of a substantial Y-chromosome effect
on male sterility in the D. simulans/D. sechellia
hybridization.

Drosophila, as do other groups, obey Haldane’s
Rule, the generalization that if only one sex of offspring
is sterile or inviable in interspecific crosses, it is nearly
always the heterogametic sex (Coyne 1992).

The possible explanations for this difference

include a greater genic imbalance between X

chromosomes an autosomes in F, males than females
(F, females have one X chromosome and one autosome from each species, but F, males have one set of autosomes
lacking a corresponding X); and interspecific X-Y interaction (sterility may be caused by deleterious interactions
between X chromosomes from one species and autosomes from another).

In the hybridization between D. mauritiana and D. simulans, Coyne (1985) showed that sterility of males was not
due to X-autosome imbalance: F, hybrid females having the same X-autosome imbalance as sterile F, males were
nevertheless perfectly fertile. Usmg a backcross of F, females to D. simulans, Coyne showed that males having
heterospecific X and Y chromosomes were far less fertile than those with homospecific chromosomes, even though the
latter class had a greater discrepancy between the X chromosome and the autosomes. In this hybridization, then, male
sterility was apparently due largely to X-Y interactions.

Here we repeat these experiments using D. sechellia instead of D. mauritiana. D. sechellia, like D. mauritiana, is a
sibling species of D. simulans, differing from these species only by the shape of the male genital arch. It is found only on
the Seychelles Islands in the Indian Ocean. Like D. mauritiana, its hybrids with D. simulans are sterile as males and
fertile as females. We performed the two backcrosses shown in Figure 1, using a D. simulans strain from Ozxnard,
California, the attached-X strain of D. simulans (these two strains are identical to those used by Coyne, 1985) and the D.
sechellia isofemale strain described by Tsacas and Béchli (1981).

Cross A produces males with an intact D. simulans X chromosome, a D. sechellia Y chromosome, a mixture of
autosomes from each species (on average, 3/4 from D. simulans and 1/4 from D. sechellia), and cytoplasm from F;
hybrid mothers. Cross B produces males with autosomes and cytoplasm identical to those in cross A, but with a mixture
of X chromosomes from each species (on average, 50% D. simulans and 50% D. sechellia), and a Y chromosome from
D. simulans. The male offspring from cross B are known to be highly sterile, as the D. sechellia X chromosome carries
at least 3 loci causing male sterility in this backcross (Coyne and Charlesworth, 1989). Because of this, class B is
expected to show at least twice the sterility of class A. If, however, X/Y interaction makes a large contribution to male
sterility, the proportion of sterility in cross A is expected to be more than half that seen in class B. (This was observed in
the cross of D. simulans X D. mauritiana backcross, with the proportion of sterile males 0.99 and 0.90 respectively
[Coyne, 1985]).

CROSS A CROSS B
Figure 1. Crosses to ascertain the effect of X-Y -
interaction on male sterility. Cross A: attached-X D. , XY XY XX XY
simulans females (with sex chromosomes shown in A r -+ I:HT II T [“}
black) are crossed to D. sechellia males (sex §
chromosomes in white), and the F, hybrid females A R G ? l d
backcrossed to D. sechellia males. Cross B: D. simulans ™ ¥ o ¥
females (sex chromosomes shown in black) are crossed " : —_
to D. sechellia males (sex chromosomes in white), and I T A [F I |:| : I '
the F, females backcrossed to D. sechellia males. g A ' 0 ’ o I o
Offspring from both backcrosses are shown at the \J r - — .
bottom. All males from cross A have heterospecific X
and Y chromosomes, those from cross B have greater I ﬁ I r H r H r l:l r
compatibility between the sex chromosomes. J g
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Both crosses were made at 23°C; backcross males were stored for four days and their testes examined for motile
sperm as described by Coyne (1985).

Of 317 backcross males examined from cross A, 97 lacked any motile sperm, giving a proportional sterility of 0.305.
Of 649 males examined in cross B, 403 lacked motile sperm, a sterility of 0.621. The higher sterility of males from cross
B, approximately twice that of cross A, is what is expected if sterility is due to deleterious interactions between the X
chromosome and the autosomes. Unlike the D. simulans /D. mauritiana cross, however, there is no obvious effect of the
Y chromosome.

The lack of Y-effects on male fertility has also been reported by Orr (1989) for the D. pseudoobscura USA/D.
pseudoobscura Bogotana hybridization, and by Orr and Coyne (1989) in D. virilis /D. novamexicana hybrids. Y-effects
have, however, been seen in D. pseudoobscura/ persimilis (Orr 1987) and D. virilis /D. texana hybrids (Orr and Coyne,
1989). Clearly, there is no consistent effect of the Y chromosome across all hybridizations that produce sterile males, so,
as noted by Coyne and Orr (1989) the X/Y interaction hypothesis for Haldane’s rule is probably not a general
explanation. The lack of consistent Y-effects also militates against meiotic-drive hypotheses for male sterility, which
propose that postzygotic isolation results from divergence of meiotic drive genes between the sex chromosomes in
related species (Frank, 1991; Hurst and Pomiankowski, 1991).

References: Coyne, J. A. 1985, Nature 314:736-738; Coyne, J.A. 1992, Nature 335: 511-515; Coyne, J.A. and B.
Charlesworth 1989, Heredity 62:97-106; Coyne, J.A. and M. Kreitman 1986, Evolution 40:673-691; Frank, S. 1991,
Evolution 45:262-267; Hurst, L.D. and A. Pomiankowski 1991, Genetics 128:841-858; Orr, H.A. 1987, Genetics
116:555-563; Orr, H.A. 1989, Evolution 43:180-189; Orr, H.A. and J.A. Coyne 1989, Genetics 121: 527-537; Tsacas, L.
and G. Bichli 1981, Rev. Fr. Entomol. 3:146-150. '

Kim, Dae 1. Department of Biology, Mok-won The distribution of P elements on the
University, Taejon 301-729, South Korea. P factor chromosomes and the cytotype polymorphism from
activity for flies with In(2L)¢ in natural populations of hybrid dysgenesis resulting by the interaction of P - M
Drosophila melanogaster. system has been investigated by many workers in natural

populations of Drosophila melanogaster. The results of

this study were to observe the degree of P factor activity
of flies with In(2L )¢t from hybrid dysgenesis. These populations were mainly M’ and Q strains, but true M strain was at a
very low frequency, P (moderate) strain was nearly absent. The M’ and Q strains of flies with In(2L)t were at slightly
higher frequencies than flies without In(2L )z.

Materials and Methods: The collection of wild strains of Drosophila melanogaster was performed at two Tacjon
locations in Korea: Pan-am dong (vineyard) and Yu-sung (apple orchards) between early September and
mid-November, 1990 and 1991. Two employed strains, the standard M strain Canton-S and a strong P strain 7, were
used to investigate GD sterility of the wild strains. Wild collected males were used immediately for crosses with the M
strain females. The females inseminated in the wild to make isofemale lines were transferred to vials containing
medium. These lines were kept at room temperature 25 + 1°C and humidity 65 + 1%.

The salivary gland cells of an F, larva from each isofemale line were selected randomly. The salivary chromosomal
preparations were made by the Lactic-Acetic-Orcein methods using siliconized slides and then cover slides were sealed
with nail polish. The salivary chromosomes were observed with a BH, Olympus microscope for the presence of
heterozygous inversions. The standard chromosomal map of Bridges (1935) and revised map of Lefevre (1976) were
employed to identify the break points of the chromosomal inversion.

Reciprocal crosses with P or M strains were used to assay GD sterility of unknown wild strains: Cross A, M
(Canton-S) females x U (unknown) male; Cross A", U female x P(-7,) males. These crosses were cultured at 29°C.
Each cross was made at 29°C for the seventh day in a vial with medium and parents were discarded. All F, flies
emerging by the eleventh day were transferred to fresh vials with medium at 25°C. After it matured for four additional
days, 24 F, females per line to assay gonadal sterility were dissected to detect whether rudimentary ovaries have one or
two. The females with two dysgenic ovaries were classified as sterile. According to Kidwell’s criteria (1983, 1986), the
strains were identified as P, Q, M’ and M limiting a cutoff point at 10% (Table 1).

Results and Discussion: The overall mean frequency of gonadal sterility of F, daughter following the crosses of
wild male with Canton-S females was 0.6% among 14205 from four Taejon populations (428 wild males). Results from
wild males of this study were similar to reports of Paik et al. (1989) and Kim (1990). The GD sterility frequency of
Japanese populations was 0.46% and P factors were absent (Ohishi et al., 1982). In cross A, wild F, males tested from
230 TP and 221 TY isofemale lines were 1.03% and 0.94% from sterility frequencies of both populations. All F; males
tested in both populations were completely absent from GD sterility except for one TY population. Paik et al. (1989)
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reported that GD sterility of Taegoo and Cheju populations was 0.18% and 0.17%, respectively. In cross A, 230 TP and
221 TY isofemale lines were tested and the mean sterility frequencies were 38.84% and 38.63%. In Taegoo and Cheju
populations, Paik et al. (1989) reported that average sterility in both populations was 31.98 + 2.59 and 32.84 + 3.39,
respectively. .
Each strain following crosses of cross A and cross A was

Table 1. Characteristic values for GD sterility of various

categories of strains according to Kidwell's criteria
(1983, 1986)

Strain type Cross A Cross A°
% GD sterility % GD sterility
M (true) 0 100
M' (pseud-M) 0-? 0-100
Q (weak P) 0-10 0-10
P (moderate) 11-80 0-10
P (strong) 81 - 100 0-10

Table 2. Frequency (%) of GD sterility strain tested from two local populations

classified according to Kidwell’s criteria (1983, 1986). Most strains
in these populations were determined with M’ and Q strains, but the
Q strain was always higher in frequency than the M’ strain in four
populations (Table 3). True M strain was at very low frequencies in
four populations and P (moderate) strain was nearly absent (Table
3). Chi-square test (XZ) of each strain between four populations was
not significantly different (X2 = 42423, P > 0.05). Boussy and
Kidwell (1987) reported that tests of recent collections of Drosophila
melanogaster from the southeastern coast define the previously
described cline as comprising three discrete, apparently contiguous

regions of P, Q and M phenotypes,
respectively. Sterility frequency of flies

with In(2L )t was only M’ and Q strains.

Cross A Cross B .
Strains No. ovaries per female No. ovaries per female True M and P strains were not
Tested 2 1 0 GD 2 1 0 GD completely observed on flies with
T (90) 9915 025 060 096 5770 164 4066 4152 In(2L)t in these populations is given in
'_rr$ (91) 9890 024 086 1.10 6384 090 3525 36.16 Table 4. Relative GD sterility
{90) 9880 014 106 1.08 5040 200 3860 3976 . .

TY (o) 9920 005 075 080 6250 040 3710 37.50 frequency of two in these populations

(Table 4). Relative GD sterility

means 9901 017 082 099 6086 124 3790 3874

frequency of two strains was higher in

Table 3. Strain identified with GD frequencies in strains tested from two local populations of

D. melanogaster

flies with In(2L)¢t than in flies without
In(2L )t (Table 5).
References: Bridges, C.B. 1935, J.

Heredity 26:60-64; Boussy, I.A. and

Strains Strains of functional properties for GD sterility Chi(S)t(ﬁuare M.G. Kidw ell. 1987, Genetics
tosted N M M Q P(M) P(S) tost 115:737-745;  Kidwell, M.G. 1983,
P ©0) 134 00149 04179 05821 00224 00 Proc. Natl. Acad. Sci,, USA
%P(' g1 ; 133 g.ggga g.ggz o.5§§1 o.olgg 0.0 4.2423 80:1655-1659; Kidwell, M.G. 1986, In:
0 0370 0. 05370 0.0 0.0 :
v @) 113 00177 04159 05664 00000 00 Drosophila (Roberts, D.B., ed.) IRL
Press, Oxford, Washington, DC, pp. 70;
means 451 0.0222 04145 05493 0.0133 0.0 Kim, DI 1990, Korean J. Genetics
12-3:272-280; Lefevre, G. 1976, In: The
Table 4. Sterility frequencies of flies with In(2L)t of hybrid dysgenesis of P - M system grsl;:l%:;sn;mll\d B:l)ll(;)g}%, ;fov?t;ﬁoz Z;l‘;
in2L)t Academic Press, London, pp. 31-66;
Site N M M Q P total X2 Oh.ishi, K. E Takanashi and S.I
, E. L
T; (90) 1 gé 00 00448 00672 00 0.1119 Chigusa 1982, Jpn. J. Genet.
TP (91) 00 00625 00833 00 0.1458 0.1875 57:423-428; Paik, YK, M.S. Lyu and
Y 90 108 00 01204 01389 0.0 0.2593 . > >
TY §91; 113 00 00442 00708 0.0 0.1150 C.G. Lee 1991, D.LS. 70:163-66.
means 451 0.0 0.0687 0.0887 0.0 0.1574

Table 5. The relative frequencies of strains for GD sterility of flies without In(2L)t and flies with In(2L)t

Site M M Q P
N N(in) n In n In n In n In
TP (90) 134 15 0.0148 0.0 0.4179 0.4000 0.5821 0.6000 0.0224 0.0
TP 91) 96 14 00208 0.0 0.4167 0.4286 05521 05714 0.0104 0.0
A ¢ (00) 108 28 0.0370 0.0 0.4074 0.4643 0.5370 05357 0.0185 0.0
TY (91) 113 14 0.0177 0.0 0.4159 0.4286 0.5664 05714 0.0000 0.0
means 451 71 0.0222 0.0 0.4146 0.4366 0.5499 0.5634 0.0133 0.0

N = tested individuals; In = frequencies of flies with In(2L)t; n = frequencies of flies without In(2L)t; TP = Tasejon Pan-am

dong populations; TY = Tasjon Yu-sung populations
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Goles-Fainé, Pedro and Raill Godoy-Herrera.
Departamento de Biologia Celular y Genética, Facultad
de Medicina, Universidad de Chile, Casilla 70061,
Santiago, Chile. Multigenic control of a phenotype of
Drosophila hydei similar to Curly monogenic mutant of
Drosophila melanogaster.
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Comparisons between mutant phenotypes of
Drosophila offer an opportunity to establish
correspondence between the genomes (Spencer, 1949).
It is of interest to compare specific allelic forms in
different Drosophila species because this could help to
understand their phylogenetic origins. Comparisons

between some mutants of Drosophila help also to know
the effects of mutations on the development of each
species, and which organ(s) they act upon. Here we report the phenotype and genetics of a mutation that spontaneously
appeared in a culture of Drosophila hydei. The strain was started with flies collected in 1988 in Chilldn, Chile, Latitude
30°. The phenotype of the mutation reminds us of the Curfy mutant described by Ward (1920) in D. meianogaster.
Description of the mutant. The morphological characteristics of the specimens belonging to this phenotype are as
follows (see also Figures 1 and 2): wings curled upward and slightly divergent increasing from proximal to distal. Adult
fly size is slightly less than wild type. The phenotype is expressed equally well in both sexes: Crosses between mutants
produce an offspring conformed by: i) wild type individuals; ii) mutants similar to parentals; iii) mutants showing a
phenotype intermediate between wild type and mutant flies; and iv) more extreme phenotypes characterized because
they have rudiments of wings (Figure 2 and Table 1). Viability and fertility reduced, particularly in the more extreme
phenotypes which usually die one or two hours post-hatching. Mutants grow up well at 24°C but we were unable to
establish cultures at 18°. The cultures show a propensity to infestations by fungus and bacteria. Mutant developmental
period is over 10 days longer than that of wild type flies born in the same stock.

Table 1. Percentage of wild type, mutant and intermediate mutant phenotypes of D. hydei in different crosses

Crosses Percentage of each phenotype Total

intermediate number

male female wild type mutant phenotype of flies

male female male female male female counted
wild type X wild type 49.04 50.96 — — — — 994
mutant x mutant 6.71 6.13 25.10 18.95 21.89 21.20 3740
mutant X wild type* 48.64 42.92 1.69 1.22 2.56 2.95 2637
wild type* X mutant 4958 42.23 1.39 1.39 2.36 3.04 2370
F{ mutant x Fq{ mutant 2.01 1.34 36.39 28.56 15.73 15.96 1341
Fqwidtype x F{ wildtype 5.41 3.74 38.79 44.00 3.08 4.25 1552
Fq{ mutant x Fq wild type 33.40 32.50 11.80 8.50 6.00 7.70 1042
F{ wildtype x F4{ mutant 27.20 24.40 13.30 9.10 14.00 11.90 143
wild type x  Fq wild type 49.50 46.70 0.10 0.00 2.00 1.60 880
F{ widtype x wild type 48.10 43.70 0.70 0.30 3.70 3.40 952
mutant x F1 wild type 29.40 30.60 12.40 11.20 8.90 7.40 938
Fq{wildtypse x mutant 28.90 25.10 13.30 10.10 11.20 11.30 457
Total 15,917

* Wild type individuals originated from crosses between wild type flies.

Crosses. Number and kind of crosses done to study the heredity of the mutation are given in Table 1. Two kinds
of wild type flies were used as parents: i) wild type flies originated to cross wild type males and females of the original
stock (those marked with an asterisk in Table 1); ii) wild type flies obtained in the F, generation of crosses between
mutant flies (those wild type flies marked F, in Table 1).

With the exception of the progeny originated to cross "pure” wild type flies (the first cross in Table 1), the rest of
the crosses made show some new kinds of mutants with an intermediate phenotype between that of the primitively found
mutants and wild type flies (see Figures 1 and 2 for further details); those mutants are included in Table 1 under the
column named "intermediate phenotypes”. A fourth group of mutants was also obtained. These showed absence of
wings or a primordium of this structure dying one or two hours after eclosion (see Figures 2E and F); they presumably
are produced by genetic segregation of more balanced mutant phenotypes. That sort of mutant is not in Table 1 because
very few were occasionally found. They emerged about 10 days after the rest of the flies had enclosed, that is, when the
culture bottles were very contaminated and the culture medium polluted by excreta of the flies.

As expected, crossing between "pure” wild type flies produce 100% wild type flies (the first cross in Table 1). To
cross mutant flies about 75% of the progeny exhibit mutant and intermediate phenotypes, the rest of the flies being wild
type (the second cross in Table 1). Crossing between mutant and "pure” wild type flies originates an offspring formed by
about 92% of wild type, mutants were about 3% and intermediate phenotypes about 5%. By contrast, to cross the F,
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mutants most of the flies (97%) are mutant or show an intermediate phenotype between the wild type and mutant flies;
about 3% of the progeny exhibits a wild type phenotype (Table 1). Similar results were obtained to cross F, wild type
flies, and F; mutant and wild type flies, that is, the progenies show again wild type, mutant and intermediate mutant
phenotypes; percentage in the offspring of each phenotype depends on the kind of crossing (Table 1). When F, wild
type flies are backcrossed with "pure” wild type males and females about 1% of the progeny exhibit a mutant phenotype,
95% are wild type flies and about 4% show an intermediate mutant phenotype. However, offspring obtained to
backcross F, wild type flies with mutant flies includes about 58% wild type flies, 23% of mutants and over 16% of
intermediate phenotypes.

By contrast with the Curly mutant of D. melanogaster the mutation here described in D. hydei seems to be under a
polygenic control. For instance, crosses between mutant flies produced some wild type individuals, and crosses between
F, wild type flies originated some mutant imagines. The mutation here reported is difficult to maintain in the
laboratory. The few wild type flies obtained to cross mutants, like those shown in Figures 1E and F, start to increase
their frequency per generation up to totally replace the mutant phenotypes. Thus, in each generation it is necessary to
separate some mutants which rise the next generation.

In summary, our findings suggest that the mutant phenotypes here described in D. hydei do not have a genetic
homology with the Curly mutant of D. melanogaster. This is in contrast with other mutations affecting other organs in D.
hydei which show genetic homology with D. melanogaster (see Spencer, 1949). Thus our results suggest that the genetic
program that leads to the development of wings in D. hydei is substantially different from that of D. melanogaster.

Acknowledgments: We wish to thank L. Milla for her assistance in the preparation of the manuscript. We are also
indebted to H. Martinez for his help and advice in the preparation of the figures. This work was supported by the
University of Chile (Grant B-2309-8645) and FONDECYT 91-1275.

References: Spencer, W.P. 1949, In: Genetics, Paleontology, and Evolution (Jepsen, G.L., G.G. Simpson and E.
Mayr, eds.) Princeton University Press, Princeton, pp. 23-44; Ward, L. 1923, Genetics, 8:276-300 (see also 1985 D.LS.
62:75-76, for a short description of Curly mutant in D. melanogaster).

Gupta, J.P. Department of Zoology, Banaras Hindu In this report attempts have been made to include
University, Varanasi 221 005, India. A consolidated list all the species described and recorded from India.
of the Indian species of Drosophilidae. However, the present data in no way furnish a complete

picture of Indian Drosophilidae since a vast area of the
Indian subcontinent still awaits exploration.
A copy of this 12-page list containing 254 species of Drosophilidae can be obtained at no charge by writing to the
Editor, Drosophila Information Service, at the address in the front. Please request DIS 72 manuscript file number
1993-14. Copies can also be obtained from the author.

Ivannikov, Andrey B., Ilya K. Zakharov, and Eugeniy E. Drosophila flies were collected in 1990 in the
Skibitskiy. Institute of Cytology and Genetics of the Ukrain. The flies were captured in the factories of wine
Russian Academy of Sciences, Siberian Department, productions, the conversion of fruits and vegetables, and
Novosibirsk, 630090, Russia. Synantropic Drosophila private gardens. Geographically, the captures were
species in the Ukrain and Moldova. restricted to the cities of Yalta, Zaporozhye, Uman and

their vicinities. In the previous years, data had been
gathered on the Drosophila species residing in the cities

of Kishinev and Odessa.
In the area mentioned we have found eleven species of the genus Drosophila from four subgenera:
1. Drosophila (Sophophora) obscura Both generally spread and numerous species: D.
2. Dros. (Soph.) melanogaster melanogaster, D. funebris, D. immigrans, D. busckii, and
3. Dros. (Soph.) simulans D. hydei. Generally spread but scarcely numerous D.
4. Dros. (Scaptodrosophila) lebanonensis obscura. Permanently observed D. virilis. Out of the 11
5. Dros. (Dorsilopha) busckii listed, each of the following were found but once in
6. Dros. (Drosophila) funebris groups by several specimens: D. simulans (Kishinev);
7. Dros. (Dros.) immigrans D. mercatorum, D. repleta (Uman); D. lebanonensis (a
8. Dros. (Dros.) virilis Magarach wine factory near Yalta).
9. Dros. (Dros.) hydei

10. Dros. (Dros.) mercatorum
11. Dros. (Dros.) repleta
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Quintana, A. and E. Juan. Department de Genetica, The two characteristics used to stage larvae in D.

Universitat de Barcelona, Diagonal 645, 08071 melanogaster are the change in the morphology of mouth

Barcelona, Spain. Morphology of mouth hooks and hooks and spiracles through larval development. Studies

anterior spiracles through the larval development of D. of temporal gene regulation in D. lebanonensis require

lebanonensis. the staging of larvac and make it necessary to confirm
the changes in morphology along the larval
development.

Flies were allowed to lay eggs on ethanol-acetic acid-agar medium (2.5%, 1%, 2%) seeded with live yeast for 12
hours. Adult flies were removed and 10 drops of a 10% glucose solution were added daily. The temperature was 23°C.
Larvae appear 48 hours after the eggs have been laid. The morphology of the mouth hooks is shown in Figure 1A. They
have no tecth at all. Five days after hatching, larvae which have changed the mouth hook morphology begin to appear.
Hooks have increased in size and a higher number of teeth than in D. melanogaster are observed (Figure 1B). At this
time spiracles are apparent but have no papillae. This structure does not change until two days later. Then the size has
nearly doubled and no teeth are visible (Figure 1C). At this time spiracles show papillae. Ten days after hatching begins
pupariation, and six days later begins eclosion. The shortest life cycle from egg to adult is 18 days at 23°C.

C

Figure 1. Larve were squashed between a slide and a
coverslip and viewed under a Zeiss microscope at a
magnification of 400x.

Dernoncourt-Sterpin, C., J. Lechien, E. Depiereux, E. When two types of Drosophila are in competition,
Feytmans and A. Elens, FUNDP, Namur, Belgium. the frequency dependence of mating success is routinely
Direct observation of rare-type advantage in Drosophila measured in our laboratory by direct observation of
melanogaster. mating pairs in "Elens-Wattiaux" observation chambers.

Observations are carried out "with food" in observation

chambers, as well as "without food", nine relative fre-

quencies are assayed, and the chambers are monitored from 8 a.m. until the end of the 5 hour test period (copulation is

recorded every 15 min). In the present experiments, the method is exactly the same as previously described (Depiereux
et al., 1989), except that only white mutant (B) and wild-type CS (A) are used and that 10 replications are carried out.

For the first analysis of variance, applied to the matings recorded at the end of the five hour observation period, the
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method is also the same. However, three criteria only are considered: 4 levels of matching - AA, BB, AB, BA -, 2 levels
of treatment (food, no food), and 9 levels corresponding to the relative frequency of A and B. The results are also
expressed as a deviation between the observed and expected number of matings.

As shown in Table 1, the difference in matching types is significant, the mating success is frequency dependent, but
the treatment (food or no food) has no significant influence. From Figure 1, the rare-type advantage is evident: for a
relative frequency of 0.1 (03/27) the deviation is well above expectation. Above this threshold it is below the expected
value. The greater activity of wild-type male accounts for the differences in matching (Figure 2).

A second analys1s of variance is apphed to the matings recorded at the first (a), the third (b), and the fifth (c)
hours. As shown in Table 2, the difference is great between a and ¢ and between a and b, but not between b and ¢, - in
presence of food as well as without food. A three-hour observation period is quite sufficient. A "rare-male mating
advantage" has been described, for a long time, for the same strains (Petit, 1954). This rare-male advantage has been
confirmed by many authors (Knoppien, 1985). Later, a "rare-female mating advantage” has been observed
(Lichtenberger et al., 1988). The "rare-type advantage" seems more the rule than the exception in such competition
experiments.

A conclusion of the present observation is that, although the presence of food enhances and extends the sexual
activity (Lichtenberger et al., 1988), the rare-type advantage does not depend on the presence or the absence of food.
Another conclusion is that a three-hour observation period is quite enough to detect a rare-type advantage. However, if
the purpose of experiments is a comparison between the level and the duration of sexual activity of two strains, a
five-hour observation period would of course be better.

0,1 0,2 0,3 0,4 0,5 0.6 0,7 0,8 0,9

female A + male A female A + male B female B + male A female B + male B

Figure 1. Rare-type mating advantage. Relative Figure 2. Comparison of four mating types. From left

frequency: 0.1 (03/27), 0.2 (06/24), 03 (09/21), 0.4
(12/18), 0.5 (15/15), 0.6 (18/12), 0.7 (21/09), 08
(24/06), 0.9 (27/09). Deviation from expected values:

to right: fAmA (AA), fAmB (AB), fBmA (BA), fBmB
(BB). Deviation from expected values: +, above; -,
below. A, wild type; B, white.

+, above, -, below. For the B flies, the relative
frequency is always the reciprocal of the corresponding
A flies relative frequency (e.g., if the relative frequency
of A is 0.1 (03/27), it is 0.9 (27/03) for B); in Figure 1

the order of the B strain relative frequencies has been Table 2. Analysis of variance (matings recorded at the first, the third,

inverted and the fifth hour).
Sot_:ro_e of Sum of df Mean F
Table 1. Analysis of variance (matings recorded at the fifth hour). ‘;’;"m squares square
betweena & c 326.70 1 326.70
S°‘."‘:.° of Erortern df ;’;ﬂ:"m F int. 898168 718 1250 26.11*
yvariation'
betweena&b 16055 1 16055
Treatment F R{Fp) 1 0.0080 0.16 int. 8233 42 718 11.46 13.90"
Matching M MR(Fr) 3 33333 84.54(™)
ratio A/B r R(Fr) 8 0.1441 2.89("") between b & ¢ 20.20 1 29.20
Replication R R(Fr) 162 0.0498 int. 1028146 718 14.31 2.03ns
Interactions No food
™ MR(Fr) 3 0.1004 255 betweena&c  157.73 1 157.73
;’r &g{pﬂ 23 3'?807;’ g;j int. 1071636 718 1492 10.56™"
FMr MR(Fr) 24 0.0226 0.57 botween a& b 155.86 1 155.86
mRFr 486 0.0394 int. 1071630 718 14.92 10.45"
aF, treatment (food, no food); M, mating type (AA, AB, BA, BB); r, ratio; between b & ¢ 0.00 i 0.00

R, replication. Factor R is nested to M, F, and r ; M, F, and r factors are crossed, int. 11859.79 718 16.51 0.00 ng
interaction between crossed factors. ** P <0.01.

***P<0.001
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Parkash, R. and M, Vashist. M.D. Umvcrsxty, Rohtak, The occurrence of additional cryptic genic variation
India. Cryptic allozymic variability in Drosophila has helped in differentiating species populations which
immigrans populations. were considered similar on the basis of standard gel

electrophoresis, e.g. an isolated population of D.

pseudoobscura from Bogota, Columbia, was found to be
genetically differentiated on the basis of cryptic variation analysis (Spiess, 1989). Thus, the present studies were carried
out to examine the extent of genic differentiation in D. immigrans populations on the basis of electrophoresis as well as
cryptic variation analysis. The population samples of this species were collected from different Indian geographical sites.
The homogenates of single individuals were subjected to 12% starch gel and were run electrophoretically at 250 V and
30 mA at 4°C for 3.5 hours and the gel slices were stained for acid phosphatase and esterase activity. The application of
a heat denaturation technique (Trippa et al., 1978, 1980) involved post-electrophoretic heating of the enzyme in situ in
starch gel at 57°C for 15_+ 1 minutes.

The Acph locus revealed one most frequent allele (AcphS 0.92 to 1.0) and one rare allele (AcphF 0.02 to 0.08).
However, another rare allele, Acph’, was observed only in the Hasimara population (Table 1). Thus, on the basis of
electrophoresis analysis, all the ten populatmns revealed fit to Hardy-Weinberg expectations at the Acph locus, and the
allelic frequency patterns were found to be uniform in all the populations. The application of the heat denaturation
technique revealed that the most
common electromorph (Acph ) was
comprised of two isoelectrophoretic

Table 1. Data on Acph allelic frequencies, heterozygosity and effective number of alleles (ng) on the basis of electro-
phoresis plus post electrophoretic heat denaturation test in twelve natural populations of Drosophila immigrans.

Frequencies of thermostability Total allele . .

Populations F F S frequency Het. alleles (tl‘ and tS) which occurred with

r_ts rv__ts r_ts r_ts H H no ng nging polymorphic frequencies, and thus
Jammu - - — 04 73 23 13 27 08 41 108 170 157 resulted In a sig]j_ﬁcant increase in
Chandigarh - - — 04 74 22 74 28 11 40 112 167 1.49 B .
Dehradun - - — 06 68 26 68 .32 A1 47 112 189 168 heterozygosity in this locus in all the
Saharanpur - - - 07 74 19 74 26 13 41 115 169 147 .
Risikesh - - — o8 74 18 74 26 15 41 118 169 143 populations (Table }1‘ The ralg,e
Roorkee - o2 S — 72 26 72 28 04 41 104 170 164
Rohtak S — 02 83 15 8 17 04 39 104 1.41 135 allelic variants (Acph” and Acph ,)
Darjeeling - = — o7 69 24 69 31 13 46 115 186 162 did not reveal any isoelectrophoretic
Dhulabari - - - - 75 25 75 25 0 37 100 160 160 . . .
Phurtsholing =~ — — — 05 73 22 73 27 00 42 110 172 156 or cryptic variation. The patterns of
Bagdogra — 06 — 05 68 21 68 32 20 49 125 195 156 : : i1
Hasimara — o4 B 70 23 70 30 13 45 115 183 159 isoclectrophoretic thermostability

variants, heterozygosity (H’) and
tr (thermoresistent) and ts (thermosusceptible) isoelectrophoretic alleles; H and ng (heterozygosity and effective number ffecti b f allel *) at th
of alleles) under electrophoresis alone; H' and ng' refer to such indices under electrophoresis plus heat stability test. eliective number O eles (DQ a ©

Acph, Est-2 and Est-6 loci were found

Table 2. Pattemns of distribution of alleiic frequencies, heterozygosity and effective number of alleles (ng) on the basis of electrophoresis plus heat stability test at Est-2 and Est-6 loci in
seven natural populations of Drosophila immigrans

Esterase Chandigarh Dehrandun Saharanpur Risikesh Rohtak Darjeeling Hasimara
Locus  electromorphs ir ts tr ts tr ts ir ts tr ts tr s tr 1S
Est-2 F .566 .188 61 .20 704 166 72 13 69 14 60 20 .56 16
S .184 062 15 .04 10 03 1 04 14 .03 15 05 21 07
Totaltr&ts 750 250 76 24 804 196 .83 A7 .83 A7 75 25 77 23
H&H .37 61 31 .56 23 A7 .25 A3 28 .48 32 58 40 61
ng & ng' 1.59 254 1.45 2.29 1.30 1.89 1.34 1.75 1.39 1.94 1.47 2.35 1.66 256
ng'/ Ng 1.59 1.58 1.45 1.31 1.38 1.60 1.54
Est-6 F .80 20 .80 .20 .82 .18 .78 18 81 19 76 24 .76 19
S —_ _ — —_ - — — 04 — — — — —_ 05
Totaltr& ts .80 20 .80 .20 82 .18 .78 22 81 19 76 24 .76 24
H&H 0 32 [o] 32 0 .30 .08 36 0 31 [o] 37 .09 .38
ng & ng' 1.0 1.47 10 1.47 1.0 1.43 1.08 1.56 1.0 1.45 1.0 1.58 1.10 1.61
ng'/ nNg 1.47 1.47 1.43 1.44 1.45 1.58 1.46

tr (thermoresistant) and ts (thermosusceptible) isoelectrophoretic alleles; H and ng (heterozygosity and effective number of alleles) under electrophoresis alone; H' and ng' refer to such
indices under electrophoresis plus heat stability test.
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to be nearly uniform in all the populations of D. immigrans (Table 2). The Est-6 locus, which was monomorphic on the
basis of electrophoresis (in most of the populations), was found to be polymorphic according to thermostability tests.
Since the standard electrophoretic techniques can overestimate electrophoretic similarity, the combination of
electrophoretic and heat denaturation techniques have revealed considerable molecular variation within electromorphs,
and thus helped in revealing genetic differentiation at enzymatic loci (Ayala, 1983; Coyne, 1982; Chyurlia, 1985; and
Hernandez, 1986). The distribution patterns of thermoresistant (tr) and thermosensitive (ts) alleles were found to be
uniform in all the populations of D. immigrans. The heat denaturation technique increased the extent of genic variation
but did not alter the pattern of genetic variability at three loci in D. immigrans populations. Thus, Indian populations of
D. immigrans did not reveal any genetic differentiation on the basis of electrophoretic as well as cryptic variation analysis
and this could be due to its narrow niche-width (Steiner, 1980).

References: Spiess, E.B. 1989, Genes in Populations, John Wiley and Sons; Harris, H. and D.A. Hopkinson 1976,
Handbook of Enzyme Electrophoresis in Human Genetics, Amsterdam, North Holland; Trippa, G., A. Catamo, A.
Lombardozzi, and R. Cicchetti 1978, Biochem. Genet. 16:299-305; Trippa, G., R. Scozzari and R. Cicchetti 1980,
Experientia 36:174; Ayala, F.J. 1983, Experientia 39:813-823; Coyne, J.A. 1982, Current Topics in Biological and
Medical Research 6:1-32; Chyurlia, A.L. and G. Carmody 1985, Biochem. Genet. 23:29-36; Hernandez, M., G. Pardon
and V.M. Cabrera 1986, Genet. Res. 87:143-146; Steiner, W.W.M. 1980, Amer. Nat. 115:596-610.

Vashist, M. and R. Parkash. M.D. University, Rohtak, Zaprionus indianus constitutes one of the most
India.  Ethanol tolerance in Zaprionus indianus successful colonizing species of the Indian subcontinent.
populations. Many sympatric species of Zaprionus are endemic to

Africa (Okada and Carson, 1983). It had been argued
that the genus Zaprionus evolved from close to the D.
immigrans species group radiation (Throckmorton, 1974) and that various Zaprionus species might have originated in
the Afrotropical continent and later on migrated to other tropical continents such as India (Tsacas ef al., 1981).
Zaprionus indianus was found to exploit a variety of fermenting fruits in nature, and larvae were found to be physically
immersed in fermented media. Thus, L _ _ 3 _ _
Table 1. Distribution of genotypes, allelic frequencies, heterozygosities, effective number of alleles (ng), Wright's

Zap nonu.s indianus ClOSCl‘y r.esemb.led co-efficients (f) and G-values for log-likelihood 12 test for fit to Hardy-Weinberg expectations at Adhlocus in ten
Drosophzla meIanogaster in its habitat Indian natural populations of Zaprionus indianus

as well as potential to utilize Populations _ Latitude types Sample _ Allelic req. Het.

Genotype:
environmental ethanol resources. FF_Ss FS size F 8 Obsiexp. t  ne Grvalues
3 i i Cochin 10°N 4 30 18 5 25 75 35/37 05 159 030
§mce AD. H is known to b.e mYOIVCd Bangalore 12° 58N 24 66 42 132 34 66 32/45 20 182 1104
in the utilization and detoxification of  Twumala  13° 40N 8 26 30 64 36 64 47746 -02 185 004
Hyderabad 17° 20N 17 35 36 88 .40 60 4748 15 192 187
exogenous alcohol, the present  Nagpwr  21°6N 18 30 38 8 43 57 44749 10 198 084
: Bhopal 23 16N 14 20 20 63 45 55 46749 06 196 032
studies were made to analyze the 0 2° 55N 12 21 39 72 44 56  54/49 -10 196 073
extent of ethanol utilization as well as Rohtak 28° 94N 23 25 47 95 49 51 49/50 02 20 0.01
NS Dehradun  30° 19N 20 24 48 92 48 52 52/50 -04 20 0.88
ecthanol tolerance potential in  Chandigah 30°43N 21 18 42 8 52 48 52/50 -04 20 0.12

geographical populations of Z.
indianus from India.
Zaprionus indianus, a member

of the family Drosophilidae, is a

successful colonizin g spec ies Table 2. Data on the comparison of ethanol tolerance indices (increase in longevity - LDgg hrs, LDs0 max/
. . LD50 control values at 4% ethanol), ethanol threshold concentrations in adults as well as Jarvae and LCsp ethanol
throughout the Indian subcontinent. concentration in ten geographical Indian populations of Zaprionus indianus

Isofemale lines were established from

* Significant at 5% level.

Increase in longevity at

population samples of Z. indianus 4% ethanol Ethanol threshold conc. _ Ethanol conc.
. . . Populations Latitude LDsp(hrs)  LDspmax / Larvae Adult for LCs0
from ten Indian gt?ographlcalo sites LDs control
(Cochin to Chandigarh; 10°N to 1. Cochin 10°N 89 091 38 38 455
043’ : 2. Bangalore  12° 58N 35 094 40 39 400
30°43N).  Homogenates of single 3. Tiumala 13 40N 67 101 50 42 42
individuals were subjected to electro- 4. Hyderabad ~ 17° 20N 85 125 65 44 46
. o 5. Nagpur 21° 16N 151 1.40 70 46 49
phoresis at 250 V and 25 mA at 4°C 6. Bhopal 23° 16N 109 150 8.0 6.1 73
. 7. Jai 26° 55'N 18 38 85 67 60
for 4 hours. Genetic control of ADH 7 sap 200 SaN o s s >0 o
i ; 9. Dehradun  30° 19N 210 5.01 110 84 80
banding patterns was interpreted Chandigarh  30° 43N 270 50 12,0 8.1 80

from the segregation patterns of
enzyme electromorphs of parents, F,,
and F, progeny of several single-pair
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matings. The adult ethanol tolerance was assessed following the procedure of Starmer ef al. (1977) and David and Van
Herrewege (1983). The larval ethanol tolerance behavior of geographical populations of Z. indianus was analyzed by
following the method of Gelfaud and McDonald (1983). Five replicates were tested at each ethanol concentration at
20°C for each of the Z. indianus populations. The data on observed ADH genotypes, sample size, allelic frequencies,
observed and expected heterozygosity, Wright’s coefficient (f), effective number of alleles (n,) and application of G-test
for fit to Hardy-Weinberg expectations at the polymorphic Adh locus in the ten Indian populatlons of Z. indianus are
given in Table 1. The range of high heterozygosity values observed at the Adh locus were in agreement with allelic
frequency distribution patterns The population sample from Bangalore revealed deviation from Hardy-Weinberg
expectation. The Adn® frequency increased significantly with increasing latitude ( > 1% with 1° latitude). The longevity
periods were found to increase significantly in the range of 1% to 4% ethanol in south Indian populations while 1% to
9% ethanol revealed enhanced longevity in the north Indian populations of Z. indianus. The longevity data revealed that
south Indian populations of Cochin represented minimum increase (80 hours) as compared with the highest increase
(270 hours) in the north Indian populations of Chandigarh. However, the other eight geographical populations revealed
intermediate response. The adult ethanol threshold values were found to vary clinally in the range of 3.8% to 8.0%
among the ten populations of Z. indianus from north to south localities of the Indian subcontinent (Table 2). Thus,
ethanol concentrations in the range of 6% to 8.4% served as resources for north Indian populations while significantly
lower ethanol concentrations (3.8% to 4.6%) could be utilized by south Indian populations of Z. indianus. The LC,,
ethanol concentrations were calculated from mortality data of adults after four days of ethanol treatment. These LC
values revealed clinal variation in the range of 4% to 8%, i.e. southern populations of Z. indianus depicted significantly
lower ethanol tolerance as compared with north Indian populations. The data on larval ethanol preference behavior
towards a range of ethanol concentrations (1% to 15%) have been represented in Table 2. The larval ethanol threshold
values varied from 3.8% in Cochin populations to 12% in Chandigarh populations. The ranking order of populations
include Chandigarh > Dehradun > Rohtak > Jaipur > Bhopal > Nagpur > Hyderabad > Trimula > Bangalore >
Cochin. Except Cochin and Bangalor populations, the larval individuals of eight populations of Z. indianus had revealed
significantly higher ethanol tolerance than those of adults, but the pattern of clinal variation was found to be similar for
both the adult as well as larval stages (Table 2). The observed data on Zaprionus indianus could be explained on the
basis of the niche-width variation hypothesis, i.e. the amount of variation in a species was proportional to its niche-width
(Wills, 1981; Hedrick, 1983). It had been argued that a species characterized by utilization of diverse food resources
and/or climatic adaptations should possess significantly higher amounts of genic divergence as compared to the narrow
niche-width species (Spiess, 1989). Since Drosophila species are fruit-niche species, they are known to utilize ethanol as
a resource in nature (Parsons and Spence, 1980; David, 1988). Interspecific divergence for ethanol tolerance levels was
found for most of the Drosophila species, i.e. only three species (D. melanogaster, D. lebanonensis and D. virilis) were
found to be highly ethanol tolerant while other Drosophila species revealed either lower levels of ethanol tolerance or
ethanol sensitivity (David, 1988). Such observations concurred with suggested relationships between ethanol tolerance
and larval habitat in several Drosophila species (David and Van Herrewege, 1980). In the present studies, Z. indianus
populations were found to be significantly ethanol tolerant. Thus, the various ethanol tolerant drosophilid species
suggest a lack of correlation between ethanol tolerance and phylogeny. The two ethanol tolerant species (D.
melanogaster and Z. indianus) are only distantly related and belong to different genera, and thus, their adaptations could
be a case of convergence.

References: David, J.R. and J. Van Herrewege 1983, Comp. Biochem. Physiol. 74A:283-288; David, J.R. 1988,
Population Genetics and Evolution, Springer-Verlag; Gelfaud, JL. and J.F. McDonald 1983, Behaviour Genetics
13:281-293; Okada, J. and H.L. Carson 1983, Kontyu 51(4):539-553; Parsons, P.A. and G.E. Spence 1980, Aust. J. Zool.
28:543-546; Starmer, W.T., W.B. Heed, and E.S. Rockwood-Sluss 1977, Proc. Nat. Acad. Sci. U.S.A. 74:387-391;
Throckmorton, L.H. 1975, Handbook of Genetics, Plenum Press; Tsacas, L., D. Lachaise and J.R. David 1981,
Composition & biogeography of the Aftrotropical Drosophilid fauna. In: Genetics and Biology of Drosophila, Academic
Press.

Sharma, S. and R. Parkash. M.D. University, Rohtak, Colonizing Drosophila species constitute excellent
India. Ethanol tolerance in some Indian Drosophila materials for experimental population genetics as well as
species. evolutionary studies (Endler, 1986). The melanogaster

species group had undergone extensive speciation
events, and adaptive radiations occurred largely in the
oriental region. Even the colonizing populations of D. melanogaster from different continents vary in their evolutionary
history (David and Tsacas, 1981). The Indian subcontinent represents a diverse array of climatically variable habitats,
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and there is little information on Adh polymorphism and ethanol tolerance analysis in various drosophilid populations
from India. The present studies report genetic variability at the Adh locus as well as ethanol tolerance in seven Indian
natural populations of D. melanogaster and in three other Drosophila species.

Isofemale lines were established from population samples of D. melanogaster from seven Indian geographical sites
(Cochin to Dehradun; 9°58'N to 30°18°N) as well as local populations of some other Drosophila species. Homogenates
of single individuals were subjected to electrophoresis at 250 V and 25 mA at 4°C for 4 hours. Genetic control of ADH
banding patterns was interpreted from the segregation patterns of ADH electromorphs of parents, F, and F, progeny of
several species specific single-pair matings. The adult ethanol tolerance was assessed followmg the proccdure of
Starmer et al. (1977) and Van Herrewege and David (1978). The larval ethanol tolerance behaviour of D. melanogaster,
D. ananassae, D. takahashii and D. nepalensis was analyzed by following the method of Parsons and Spence (1980).

The data on the mean number of
larvaec of each of the four Drosophila

Table 1. Adh gene frequencies, ethanol threshold concentrations, relative longevities in aduits and larval SPCCieS ChOOSiﬂg agar PIUS various
attraction behaviour in four Drosophila species from Rohtak concentrations Of ethanol fOl‘ experimcntal
Adh allelic 1req;;ncv — Adu Larva duration of 30 minutes are given in Table
ast w % Ethanol  LTg50 Max/ Mean no. % ethanol

Species Adh-F  Ach-S threshold LT 50 attracted  threshold 1. The larval ethanol tolerance response
valie  control % vawe revealed significant variation (2.4% to
D. melanogaster 074 0.26 12,0 295 80 1.0 11%) between four different Drosophila

D. ananassae 0.68 0.32 35 200 5.0 40 1 i
D. takahashii 0.98 0,02 2,0 1.50 40 28 species, ie. D. meIano:g'a ster, D.
D. nepalensis 0.97 0.03 20 150 30 24 ananassae, D. takahashii and D.

nepalensis. Thus, D. melanogaster revealed

Table 2. Data on Adh allelic frequencies, percent ethanol tolerance and ethanol utilisation (LTs5g max / LTsg control), adult LC50
ethanol concentration and larval ethanol threshold values among adult individuals of seven latitudinally varying indian populations of
Drosophila melanogaster.

Parameter Cochin Hyderabad Nagpur Bhopal Rohtak Saharanpur  Dehradun
(9° .58N) (17° .20N) (21° .09'N) (23° .16'N) (28° .54'N)  (29° 58'N)  (30° 19'N)

Allelic frequency

AdhF 11 21 .30 56 74 .78 .80

AdhS 89 79 70 44 26 22 20

Adult Ethanol tolerance
(threshold vaiues) 9.0 9.4 1.2 114 124 13.0 13.2

Ethanol utilisation 1.75 20 23 26 275 3.0 3.10

Adult LCs0 9.25 10.8 118 12.0 120 13.5 14.0

Larval ethanol threshold 6.0 8.0 8.0 9.5 i1.0 13.0 13.0

Latitudes are given in parenthesis.

the highest ethanol tolerance levels as compared with the other three sympatric Drosophila species (2.4% to 4%). The
adult ethanol threshold values were found to follow the similar ranking order as observed for species specific larval
individuals. The ethanol threshold values among adults were found to be differential but low in the range of 2.0% to
3.5% in three Drosophila species, i.e. D. takahashii and D. nepalensis (2.0%) and D. ananassae (3.5%) as compared with
D. melanogaster (12%). Thus, the present observations revealed interspecies differences in ethanol utilization as well as
cthanol tolerance in larval and adult stages.

The allelic frequency patterns at Adh revealed significant clinal variation, i.e. Adn® frequency increased linearly
with i mcreasmg latitude (about 3% increase with 1° latitude) and revealed significant positive correlations (+0.96) while
Adn’ allelic frequency was found to be negatively correlated with latitude (r = -0.96) among seven geographical
populations of D. melanogaster. The intraspecific variation for adult as well as larval ethanol tolerance between different
populations of D. melanogaster was found to be significantly different among various populations along the north-south
axis of the Indian subcontinent (Table 2). The adult individuals of different populations of D. melanogaster were
analyzed for their potential to utilize ethanol vapors (ethanol utilization) and to detoxify ethanol (ethanol tolerance) in a
closed system, and such data were found to agree with larval ethanol tolerance analysis. The data on LT, (hrs) and
LT, max/LT control (whlch are the measures of resource versus stress) have been shown in Table 2. Tfle longevity
perlods were found to increase significantly at 1% to 9% ethanol concentrations in all the populations of D.
melanogaster. However, the adult ethanol threshold values were found to vary clinally in the range of 9.0% to 13.2%
among seven geographical populations of D. melanogaster. The adult individuals of D. melanogaster from south Indian
populations revealed lower ethanol concentrations up to 9% as compared with northern populations (12.4% to 13.2%).
However, the larval ethanol threshold values were found to vary from 6% in Cochin populations to 13% in Dehradun
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populations. The ethanol utilization indices as well as ethanol tolerance threshold values were found to vary latitudinally
in different populations of D. melanogaster.

Studies on biogeographic, phylogenetic, ecological and adaptive physiological traits in global populations of D.
melanogaster revealed that Afrotropical populations constitute the ancestral populations which later colonized Eurasia
and more recently America and Australia (David and Capy, 1988). Thus, the D. melanogaster populations inhabiting
different continents have very different evolutionary histories. The present studies on Indian populations of D.
melanogaster have revealed symmetrical clinal variations at the Adh locus, along 10°N to 32°N latitude, and thus, further
validate and support the hypothesis that such clinal variations are being maintained by natural selection mechanisms
(Parsons, 1983; David ef al., 1989; and Spiess, 1989).

References: David, J.R. and L. Tsacas 1981, C.R. Soc. Biogeog. 57:11-26; David, J.R., A M. Angeles, F. Borai, P.
Capy, H. Mercot, S.F. McEvey, A. Munoz-Serrano and S. Tsacas 1989, Heredity 62:11-16; Endler, J.A. 1986, Natural
Selection in the Wild, Princeton University Press, Princeton, NJ, pp. 336; Parsons, P.A. 1983, The Evolutionary Biology of
Colonizing Species, Cambridge University Press, Cambridge, London, pp. 262; Parsons, P.A. and G.E. Spence 1980,
Aust. J. Zool. 28:543-546; Spiess, E.B. 1989, Genes in Populations, John Wiley and Sons, New York pp. 773; Starmer,
W.T., BH. Williams and E.S. Rockwoodsluss 1977, Proc. Nat. Acad. Sci. US.A. 74:387-391; Van Herrewege, J. and
J.R. David 1978, Experientia 34:163-164.

Parkash, R. and S. Sharma. M.D. University, Rohtak, Colonizing species offer suitable material for
India. Cryptic genic variability in Zaprionus indianus microevolutionary studies (Endler, 1986).
populations. Electromorphs (allozymes) constitute molecular

markers because electrophoretic mobility variants for

different enzyme loci can be genetically interpreted and
have been used to characterize the genetic structure of natural populations of diverse taxa (Wills, 1981; Spiess, 1989).
However, standard gel electrophoresis does not distinguish all allelic variants, and hence, it can underestimate the level
of genic variability occurring in natural populations (Hedrick, 1983). The levels of genetic diversity have been compared
in the cosmopolitan and colonizing sibling species pair, D. melanogaster and D. simulans, and such studies revealed
extensive clinal as well as geographical genetic divergence among D. melanogaster populations as compared to genetic
uniformity among D. simulans populations (Watada et al., 1986; Singh and Rhomberg, 1987). However, such studies
have not been attempted so far on colonizing drosophilids of the Indian subcontinent. Thus, it was considered
worthwhile to examine electrophoretic and cryptic patterns of allozymic variation in populations of Z. indianus.

The population

samp]es ()f Za p rionus Table 1. Data on the distribution of allelic frequencies and application of log-likelihood x2 test (G-test) for Hardy-Weinberg
. . . expectations at thre lymorphic loci in eight naturat i K indi
in dlan us were b ait- pe e polymorphic loci in eight natural populations of Zaprionus indianus.

tra ppe d fr om e 1 gh t Allelic frequency data in populations
. . R 7 Locus Alleles Emakulam Bangalore  Tirumala Hyderabad  Nagpur Bhopal Rohtak Dehradun
latitudinally varying sites «-Gpoh = o 03 o2 6 04 03 12 s
o o X . X K | . .
(10°N to 32"19N). Elec- s 1.0 97 96 94 96 97 88 85
. H N 60 85 70 80 98 92 68 102
troPhoretlc allozymic Gwvalues 0 0.14 0.29 069 0.34 0.15 2.47 006
variants as well as Est-1 F 7 77 79 76 74 78 %0 93
) 5 s 29 23 21 24 28 22 10 o7
isoelectrophoretic ther- N 57 55 63 72 %6 72 68 86
.qe . G-values 0.63 0.45 2.28 0.47 0.61 0.11 0.14 90
mostability variants of Est.2 P - _ = - — _ " 03
alpha-Gpdh and Est loci I o 5 et & b4 86 P 49
were analyzed following s 39 36 % 29 31 34 2 43
the standard method - % 0 = % - 2 5
€ standard methods N 57 86 69 76 90 57 13 86
(Harris aﬂd Hopkinson, G-values 0.02 2.07 26.96* 1255* 10.48" 0.16 37.26" 41.86"
1976; Trippa et al., 1980) F', F,M, S and S’ represent faster, fast, medium, slow and slower electromorphs respectively. N = sample size.

. * Significant at 5% level
Homogenates of single ¢ :

individuals were applied to 12% starch slab gels and were analyzed electrophoretically at 250 V and 30 mA at 4°C for 4
hours. The isoelectrophoretic thermoresistant (tr) and thermosusceptible (ts) variants were examined in individuals by
heat treating the enzyme in situ in the starch gel slices at 56°C for 12 minutes in case of esterase and alpha-GPDH. The
electromorph patterns in control as well as treated gel slices were compared so as to identify isoelectrophoretic variants
(tr & ts).

The data on allelic frequencies at three polymorphic loci in populations of Z. indianus along the north-south
transect of the Indian subcontinent were given in Table 1. These loci have shown diallelic variation patterns represented
by three genotypes (FF, SS and FS) while genotypic distribution patterns at Est-2 are largely due to the occurrence of
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rare alleles. The Est-2 locus has revealed two common alleles in all the populations, but some populations have shown
rare alleles. However, two rare alleles were found in Dehradun populations and three rare alleles in Rohtak
populations. The changes at three loci were significant and indicated regular trends of increase or decrease in allelic
frequency in latitudinally varying populations of Z. indianus (Table 1). The data on distribution of thermoresistant (tr)
and thermosensitive (ts) allelic frequencies at Est-1 and Est-2 loci in the five populations of Z. indianus are shown in
Table 2. The application of the heat denaturation technique revealed that the most common electromorphs at Est-7 and
Est-2 loci were comprised of tr and ts variants which occurred with polymorphic frequencies in all of the populations.
The cryptic variants have resulted in a significant increase in heterozygosity at such loci. However, the patterns of allelic
frequencies of isoelectrophoretic thermostability variants have shown clinal variations at both the loci in all the eight
populations of this species (Table 2). The present study has revealed the occurrence of heterogeneous patterns of heat
stability polymorphism (cryptic variations) in addition to electrophoretic variability at Est-1 and Est-2 loci in natural
populations of Z. indianus. However, no additional cryptic genic variation was observed at the alpha-Gpdh locus
through the heat denaturation technique.
The present data on

chna] variati()ns at Est-1 Table 2. Distribution patterns of allelic frequencies at two polymorphic foci (Est-7 and Est-2) on the basis of standard gel electrophoresis
. plus post-electrophoretic heat denaturation technique in five population samples of Zaprionus indianus.
and Est-2 polymorphic

loci in Indian populations Ernakulam Bangalore Hyderabad Rohtak Dehradun
f 7 . . f h Locus Alleles tr ts tr ts tr s tr ts r ts
of Z. indianus further “775 F 69 02 73 04 70 06 8 05 8 07
support and validate the ] 26 03 20 .03 20 04 08 02 06 .003
. otaltr&ts . 05 i .0 80 . . 0 i .0
Total tr & 95 93 7 9 10 93 7 927 73
hypothesis that the H&H A 45 35 42 36 46 18 27 13 25
+ . &ng' 1.69 1.82 1.54 1.72 1.56 1.85 1.22 1.87 1.16 1.33
occurrence of latitudinal Ne & Ne
A N ng'/ng 1.08 1.12 1.19 1.12 1.16
clines across different  Est-2 P — - — — — - — 02 - 03
oqe . F .56 05 51 .06 60 07 .39 09 40 .09
drosophilid populations M _ — 07 — 04 _ 06 — ‘045 005
provides strong evidence S o0 2w 2z o s ® 0
f natural 1 i Totaltr&ts .90 10 90 .10 86 14 79 21 775 225
o . a. . a S.C ection H&H .48 57 54 .63 A7 58 59 Al 57 Na
- Ng & ng' .92 32 . .70 k . . E . X
maintaining clinal allo &ng 19 23 217 27 18 238 244 345 232 345
zymic variation (Ander- ng'/ng 1.21 124 126 1.41 1.49
son et aI., 1984; David et F, F, M, S and S' represent faster, fast, medium slow and slower electromorphs respectively. H and ng = heterozygosity and effective
al 1989) Different number of alfeles on the basis of electrophoresis alone; and H' & ng' = heterozygosity and effective number of alleles on the basis of
i ulati ° ] £ post-electrophoretic heat denaturation technique; ng’ / ne = increase in effective number of alleles; tr and ts refer to temperature resistant
pop ation samples O Z. and temperature sensitive vanant allozyme respectively.

indianus have revealed

almost clinal patterns of thermoresistant (tr) and thermosensitive (ts) isoelectrophoretic variants of Est-1 and Est-2 loci.
The cryptic isoelectrophoretic variation significantly increased the heterozygosity and effective number of alleles at three
out of four polymorphic loci. However, the common occurrence of heat stability polymorphism in all the populations
suggests that natural selection might be responsible for the maintenance of such cryptic genic variation. Temperature
constitutes an important component of the environment, and empirical data exists on the adaptive correlation of
biochemical properties of allozymic variants (allelic isozymes) with habitat temperatures in some organisms (Wills, 1981;
Hedrick, 1983). Thus, it can be suggested that in clinally varying heterogencous environments of the Indian
subcontinent, tr and ts variants might confer adaptive advantages to Z. indianus individuals which occur in its natural
habitats during all seasons of the year and that the species has colonized all of the Indian subcontinent. Present
observations on the widespread occurrence of heat stability polymorphism at two loci in Z. indianus concur with other
reports in D. melanogaster (Bewley, 1978; Trippa et al., 1978).

References: Anderson, P.R. and J.G. Oakeshott 1984, Nature 308:729-731; Bewley, G.C. 1978, Biochem. Genet.
16:769-775; David, J.R., AM. Angeles, F. Borai, P. Capy, H. Mercot, S.F. McEvey, A. Munoz-Serrano and S. Tsacas
1989, Heredity 62:11-16; Endler, J.A. 1986, Natural Selection in the Wild, Princeton University Press, Princeton, NJ, pp.
336; Harris, H. and D.A. Hopkinson 1976, Handbook of Enzyme Electrophoresis in Human Genetics, Amsterdam,
Holland, pp. 300; Hedrick, P.W. 1983, Genetics of Populations, Science Books International, Boston, MA, pp. 629;
Singh, R.S. and L.R. Rhomberg 1987, Genetics 117:255-272; Spiess, E.B. 1989, Genes in Populations, John Wiley and
Sons, New York, pp. 773; Trippa, G., A. Catamo, A. Lombardozzi and R. Cicchetti 1978, Biochem. Genet. 16:229-305;
Trippa, G., R. Scozzari and R. Cicchetti 1980, Experientia 36:174; Watada, M., Y.N. Tobari and S. Ohara 1986, Japan.
J. Genet. 61:253-269; Wills, C. 1981, Genetic Variability, Clarendon Press, Oxford.
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Parkash, R. and Shamina. M.D. University, Rohtak, Allozymes (genetic variants of enzymes) revealed
India. Temporal patterns of allozymic variation in two by gel electrophoretic techniques constitute useful
colonizing drosophilids. markers to examine the role played by micro-

evolutionary processes in modifying the genetic
architecture of species populations (Hedrick, 1983;
Hartl, 1980; Milkman, 1983; Wallace, 1981). However, there is a lack of information on temporal genic variation
patterns in the Indian natural populations of the various colonizing drosophilids. The present paper reports the
temporal patterns of electrophoretic and cryptic variation in natural population samples of D. immigrans from Hasimara
(W.B.) and of Z. indianus from Dehradun. The individuals of D. immigrans were bait-trapped from Hasimara (W.B.) in
the month of January, 1988, as well as in January, 1990, and were maintained as isofemale lines. However, Z. indianus
individuals were bait-trapped from Dehradun (U.P.). Homogenates of single individuals from isofemale lines were
applied to 12% starch gels and electrophoresed at 250 V and 30 mA at 4°C for 4 hours. The application of a heat
denaturation technique (Trippa ef al., 1978) involved post electrophoretic thermal treatment of the enzyme in situ in the
starch gel slice (at 52°C for 12 + 1 min in case of acid phosphatase; at 56°C for 15 + 1 min for esterase; and at 48°C
for 15 + 1 min for alcohol dehydrogenase).
The data on d1str1but10n patterns of genotypes, allelic frequencies, observed and expected heterozyg051ty and
G-values for log-hkehhood X2 test for Hardy-Weinberg equilibrium for the five polymorphic loci are given in Table 1.
The patterns of genic variation include occurrence of a common allele and few rare alleles at the Acph locus, while four
loci (Est-2, Mdh-1, AO and Odh) are represented by two frequent alleles. Thus, the range of heterozygosities observed
at various polymorphic loci correlates well with the number of alleles and allelic frequencies. The patterns of allelic
frequencies at various loci (samples collected in 1990) have been found to be very similar to those of the population
sampled in 1988. The yearly data on allelic frequency patterns revealed no deviation on the basis of Student’s ¢-test. The
yearly population samples revealed homogeneity patterns in allelic frequencies and heterozygosity (Table 1). The yearly

Table 1. Data on temporal distribution pattems of allelic frequencies, observed and expscted heterozygosity and G-values for log-liketihood x2 test for fit to Hardy-Weinberg
equilibrium in yearly population samples of Drosophila immigrans for Hasimara (W.B.) and Zaprionus indianus from Dehradun (U.P.).

Drosophila immigrans Zaprionus indianus
Locus Year Altelic Frequency N Het. G-values Locus year Allelic Frequency N Het. G-values
P F S Obs fexp. F S - Obs. Exp.
ACPH 1988 04 .03 93 111 15713 0.93 ACPH-1 1989 47 .48 .05 82 .66 /.55 21.33"
1990 .035 .075 89 102 21720 268 1990 .49 46 .05 108 .59/.55 27.62"
F s F S
EST-2 1988 72 28 115 .36 /.40 0.92 ACPH-2 1989 .80 .20 66 27132 1.16
1990 87 33 88 30/.44 9.46* 1990 78 2 102 23/.34 1072
MDH-1 1988 .18 82 102 .31/.30 466" a-GPDH 1989 13 .87 116 16723 8.45"
1990 16 84 95 26727 0.14 1990 15 .85 102 25725 0.06
AO 1988 59 A 119 571.49 3.90" ADH 1989 51 .49 80 47 1.50 0.20
1990 61 39 87 44748 061 1990 .49 .51 95 .49 /.50 0.01
ODH 1988 75 25 107 .41/.38 0.90 MDH-1 1989 .83 a7 160 .24/.28 3.36
1990 .80 20 84 327.32 0.40 1990 .84 .16 107 28727 0.28

* Significant at 5% level; other G-values are non-significant. ** Cumulative genic frequency of three rare alleles (F =.02,M = 01&S'=02). F,F,M,Sand &
represent faster, fast, medium, slow and slower electromorphs respectively. N = sample size.

Table 2. Data on temporal patterns of cryptic / isoelectrophoretic thermostability polymorphism on the basis of post-electrophoretic heat denaturation test,
at two polymorphic loci in yearly population samples of D. immigrans from Hasimara (W.B.) and Z. indianus from Dehradun (U.P.).

Drosophila immigrans Zaprionus indianus
ACPH EST-2 EST-1 ADH

1988 19380 1988 1990 1989 1990 1989 1990
tr 1s ir ts ir 1s tr ts r s tr ts tr ts tr ts
F —_ 04 — 035 —_ — — — — — — — — — — —
F —_ 03 - 75 54 A7 52 15 85 05 B85 07 40 09 3 15
S 70 23 67 22 22 07 25 .08 08 02 .067 .003 — 51 — 52
Totalfreq. .70 .30 67 33 76 24 7723 83 07 927 073 40 60 33 67
H&H 13 45 20 .49 40 63 44 64 18 27 13 25 50 57 50 60
ng&n's 115 183 124 1.96 1.66 270 179 277 1.2 137 1.15 1.33 20 233 20 250

n'g/Ng 159 1.58 1.62 1.55 1.12 1.16 117 125

H & ng = heterozygosity and effective number of alleles on the basis of electrophoresis alone; H' & n'g =heterozygosity and effective number of alleles on the
basis of post electrophoretic heat denaturation technique; n'e / ng = increase in effective number of alleles. tr & ts refer to temperature resistant and
temperature sensitive variant allozyme
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population samples have revealed deficiencies of heterozygotes at the Est-2 locus and excess of heterozygotes at the 40
locus. However, three loci (Est-2, Mdh-1 and AO) have revealed significant deviations from the Hardy-Weinberg
equilibrium.

The patterns of distribution of allelic frequency in Z. indianus include the occurrence of two common alleles and
two rare alleles at the Acph-1 locus, two common alleles at the Adh locus and one frequent and one less frequent alleles
at the other three loci (Acph-2, alpha-Gpdh, Mdh-1). The electrophoretic analysis at such five polymorphic loci in
natural population samples, taken in two consecutive years from two different sites, have revealed persistence of
common, less frequent, as well as rare alleles in the natural populations sampled in two different years. However, the
temporally analyzed population samples at two loci (Acph-2 and alpha-Gpdh) have shown differential patterns in terms
of deviation from Hardy-Weinberg expectations (Table 2). Thus, the yearly population samples of Z. indianus have
revealed patterns of genetic homogeneity.

The data on distribution of thermoresistant (tr) and thermosensitive (ts) alleles, allelic frequencies, heterozygosity
and effective number of alleles (n)) at two polymorphic loci in the yearly population samples of D. immigrans as well as
Z. indianus are given in Table 2. The single frequent allele at Acph and two frequent alleles at the Est-2 locus have
revealed two isoelectrophoretic variants (tr and ts) which occur with polymorphic frequencies in the yearly population
samples. The occurrence of cryptic variation has resulted in a significant increase in heterozygosity as well as effective
numbers of alleles (Table 2). However, there is no differentiation with respect to distribution patterns of tr and ts alleles
in the yearly population samples. The present investigation has revealed temporal stability of allelic frequencies at five
polymorphic loci in D. immigrans and Z. indianus populations. Our results concur with earlier reports of temporal
constancy at phosphoglucomutase (Pgm) locus in D. melanogaster (Berger, 1971; Dobzhansky and Ayala, 1973;
Lamooza ef al., 1985). Present observations on the temporal similarity of thermostability variants at Acph and Est-2 loci
in D. immigrans and at Est-1 and Adh loci in Z. indianus are in agreement with earlier reports on persistence of alcohol
dehydrogenase ADH cryptic variation in D. melanogaster (Hernandez et al., 1986).

References: Hedrick, P.W. 1983, Genetics of Populations, Science Books International, Boston; Hartl, D.L. 1980,
Principles of Population Genetics, Sinauer Associates, Sunderland, MA; Milkman, R. 1983, Experimental Population
Genetics, Hutchinson and Ros; Wallace, B. 1981, Basic Population Genetics, Columbia University Press; Trippa, G., A.
Catamo; A. Lombardczzi and R. Cicchetti 1978, Biochem. Genet. 16:299-305; Berger, E.M. 1971, Genetica 67:121-136;
Dobzhansky, Th. and F.J. Ayala 1973, Proc. Nat. Acad. Sci. USA 70:680-683; Lamooza, B.S., S.R. Ali and AA.
Al-Taweel 1985, Biochem. Genet. 23:321-328; Hernandez, M., G. Padron and V.M. Cabrera 1986, Genet. Res. Camb.
87:143-146.

Shamina and R. Parkash. M.D. University, Rohtak, Evolutionary potential of a species is a function of
India. Adh allozymic variation in D. melanogaster the amount of genetic variation occurring in it (Wills,
populations from India. 1981; Hedrick, 1983; Sperlich, 1988). Populations of

colonizing species offer excellent material for

microevolutionary studies (Endler, 1977, 1986). Studies
on biogeography, ecology and adaptive physiological traits in global populations of D. melanogaster revealed that
Afrotropical populations constitute the ancestral populations which later colonized Eurasia and more recently America
and Australia (David and Capy, 1988). Most studies on allozymic polymorphism had been made on U.S. and Australian
populations of D. melanogaster while Asian populations remain unexplored (David, 1982; Anderson ef al., 1987). Gel
electrophoretic analysis has helped in elucidating the genetic structure of geographical populations of diverse taxa;
therefore, it was considered to characterize the extent of genic divergence at the Adh locus in latitudinally varying
(9°58'N to 33°0’N) Indian natural populations of D. melanogaster.

The data on observed and expected genotypes, sample size, allelic frequencies, heterozygosity values and
application of a G-test for fit to Hardy-Weinberg expectations at the polymorphic Adh locus in D. melanogaster
populations are given in Table 1. The allelic frequency patterns at the Adh locus revealed significant clinal variation
(along the north-south axis) among Indian populations of D. melanogaster. The extent of clinal variation at the Adh
locus was found to be significantly higher (3% with 1° latitude; r = 0.96; b = 0.036) and revealed significant deviations
from the Hardy-Weinberg equilibrium at the Adh locus in Indian populations of D. melanogaster (Table 1). The
genotypic as well as allelic frequency patterns at the Adh locus revealed significant interpopulation heterogeneity (X
75.82) and allelic frequency heterogeneity (X 378.46) on the basis of contingency chi-square tests among Indian
populations of D. melanogaster. The data on Wright’s fixation index (Fg = 0.25) revealed significant genic divergence
at the Adh locus in Indian D. melanogaster populations.

The statistical comparison of Adh allelic frequency data in Indian populations of D. melanogaster with those of
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other allopatric populations (Afrotropical, Chinese, Japanese and European) revealed: a) consistency of the direction
of latitudinal clines on the different continents; b) the extent of the latitudinally related range of allelic frequencies
differed significantly at the Adh locus among Indian versus Afrotropical populations as well as Indian versus European
populations (Table 2). Thus, the direction of the latitudinal cline was found to be similar among different allopatric

populations, but the allelic frequencies differed significantly on the basis of student’s ¢-test (Table 2).

Table 1. Data on alcohol dehydrogenase (Adh) observed and expected genotypes, allelic frequencies, heterozygosities (obs./ exp.), Wright's

coefficients (f), effective number of alleles (ng) and G-values for log-likelihood 12 test for fit to Hardy-Weinberg equilibrium in ten Indian
geographical populations of D. melanogaster.

Obs. and exp. genotypes Sample Allelic freq. Het.
Populations  Latitude FF SS size F S Obs./ exp. f nNg G-
values
Cochin 9° 58N 5/1.90 129/124.36 23/30.74 157 A1 .89 15/ .20 .25 125 5.78*
Madras 13° 04N 8/273 128712261 26/36.64 162 A3 87 16/.23 .30 143  10.40"
Tirumala 13° 40N  12/3.79 113710443 23/39.78 148 16 B84 15/ 26 42 136  20.30°
Hyderabad 17° 20N  10/3.83 60/54.29 17/28.87 87 21 79 20/.33 39 1.19  13.20"
Nagpur 21° 09N 16/7.38 48/40.18 18/34.44 82 .30 70 21/ .42 47 172 1851
Bhopal 23 46N 21/1693 15/10.45 18/26.61 54 56 A4 33/ .49 32 1.97 5.83*
Rohtak 28° 94N 62/5640 13/6.96 28/39.63 103 74 26 27/.38 29 162 8.54*
Saharanpur 29° 58N 78/70.57 12/5.61 26/39.81 116 78 22 22/.34 34 1.52 11.72*
Dehradun 30° 1N  80/74.24 10/464 26/3712 116 80 .20 22732 31 1.47 8.75"
Dalhousie 33N 90/84.05 10/4.05 25/36.90 125 82 .18 20/.29 32 142  10.92*

* Significant at 5% level; F and S represent fast and slow electromorphs respactively.

Latitudinal clines have been reported in D.
melanogaster in U.S. populations (Marks et al,
1980), Australian populations (Qakeshott ef al.,

Table 2. Statistical comparison ot Adh allelic irequencies of Indian versus other continental
populations of D. melanogaster.

India Japan China Europe _ Afrotropical 1982), Afrotropical populations (David et al., 1986,

N 6 6 6 3 6 1989), Japanese populations (Watada et al., 1986),

B i D S A S i and Chinese populations (Jiang ef al., 1989). The

§ (Range)  .18-87  07-.50  .20-.43  .06-.08 62-.98 present data on clinal variation at the Adh locus in

(Mean) 51 27 25 07 91 : A

- 143 1.62 333 3.73° Indian populations of D. melanogaster further

Reference Presert  (Watadaet.  (Jiang etf. (David,  (David, 1982) supports and validates the hypothesis that
study al., 1986) al., 1989) 1982)

occurrence of parallel or complementary latitudinal
clines across different continental populations
provide strong evidence of natural selection
maintaining Adh clinal allozymic variation (Nagy-
laki, 1975; Endler, 1977; Van Delden, 1982). The occurrence of clinal variation across diverse biogeographical regions
can not be explained on the basis of stochastic process (genetic drift) and/or gene flow, since the continental populations
of D. melanogaster differ significantly in their evolutionary history as well as ecogeographical conditions. The existence
of parallel clinal allelic frequency changes at the Adh locus provides strong evidence for the action of latitudinally related
environmental gradients.

ADH catalyzes the oxidation of primary and secondary alcohols to aldehydes and ketones, respectively. Secondary
alcohols are more toxic than primary alcohols, because secondary alcohols are oxidized to ketones rather than to less
toxic aldehydes (Geer et al., 1989). The tropical region (southern Indian localities) are characterized by greater plant
diversity as compared with the northern region, and hence, result in production of secondary alcohols through
fermentation of diverse sweet plant resources. Thus, it is suggested that the abundance of secondary alcohols in the
southern tropical environment of the Indian subcontinent might exert selective pressure favoring higher frequency of
AdhS alleles. On the contrary, the relative absence of secondary alcohols in the fly habitat in the north Indian localities
might have favored the Adh" allele. Thus, the observed clinal variation at the Adh locus in Indian populations of D.
melanogaster seems to be maintained by balancing natural selection, varying spatially along the north-south axis of the
Indian subcontinent.

References: Wills, C. 1981, Genetic Variability, Clarendon Press, Oxford; Hedrick, P.W. 1983, Genetics of
Populations, Science Books International, Boston; Sperlich, D. 1988, Populations Genetik - Stuttgart, G. Fischer, New
York, pp. 240; Endler, J.A. 1977, Geographic Variation, Speciation and Clines, Princeton University Press, Princeton,
NI, pp. 336; David, J.R. 1982, Biochem. Genet. 20:747-761; Anderson, P.R., W.R. Knibb and J.G. Oakeshott 1987,
Genetica 75:81-88; Marks, R.W., J.G. Brittnacker, J.F. McDonald, T. Prout and F.J. Ayala 1980, Oecologia 47:141-144;
Oakeshott, J.G., J.B. Gibson, P.R. Anderson, W.R. Knibb, D.G. Anderson and G.K. Chambers 1982, Evolution
36:86-96; David, J.R., H. Mercot, P. Capy, S.F. McEvey and J. Van Herrewege 1986, Genet. Sel. Evol. 18(4):405-416;
David, J.R., AM. Angeles, F. Borai, P. Capy, H. Mercot, S.F. McEvey, A. Munoz-Serrano and S. Tsacas 1989, Heredity

N = number of populations analysed; allelic frequencies range include minimum and maximum
values; F and S denote electromorphs;t = Student ttest; * Significant at 5% level.
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62:11-16; Watada, M., Y.N. Tobari and S. Ohba 1986, Jpn. J. Genet. 61:253-269; Jiang, C., J.G. Gibson and H. Chen
1989, Heredity 62:193-198; Nagylaki, T. 1975, Genetics 80:595-615; Van Delden, W. 1982, Evol. Biol. 15:187-222; Geer,
B.W., PW.H. Heinstra, AM. Kapoun and A. Van Der Zel 1989, In: Ecological and Evolutionary Genetics of
Drosophila, Chapter 13, Barker, J.S.F. et al. (eds.), Plenum Press, New York, pp:231-252.

Sundaran, A.K. and J.P. Gupta. Department of
Zoology, Banaras Hindu University, Varanasi 221 005,
India.  Species spectrum of drosophilids at three
localities in the western ghats, South India.

The western ghats extending from river Tapi in the
north to Kannyakumari in the south possess a natural
cover of various types of tropical forests: evergreen,
semi-evergreeen, moist and dry deciduous. Exploratory
studies carried out in this region have uncovered the
occurrence of several interesting species (Prakash and
Reddy, 1984). The present report embodies the results of intensive field studies conducted at three different localities in
this region during June and September, 1988. Altogether 53 species including two subspecies were collected; out of
them, 14 species are detected new to science, while 11 others are recorded for the first time from India. The taxonomic
descriptions of all new species have been published elsewhere (Gupta and Sundaran, 1990a, b; Sundaran and Gupta,
1990, 1991a, b). The details pertaining to the geographic distribution of species are given in Table 1.

Table 1. Distribution of drosophilid species at three localities in westemn ghats.

Collection Localities Collection Localities

Band, H.T. Michigan State University, E. Lansing, MI

48824, Drosophila cryobiology update.

Species Virajpet Elenthikara Moozhiyar Total Species Virajpet Elenthikara Moozhiyar Total
Genus: Drosophila Genus: Colocasiomyia
Subgenus: Drosophila C. colocasiag™* 581 — — 581
g. metasetigerala 7 —_ — 7 Genus: Hypselothyrea
. nasuta 30 26 7 63 H. guttata 5 — - 5
D. nevimmigrans 57 — —_ 57 Genus: Liodrosophila
D. neonasuta 25 7 8 40 L ceylonica** 20 — —_ 20
D. neosignata 20 —_ — 20 L globosa 19 _— — 119
D. pentafuscata 11 - —_ 11 Genus Microdrosophila
D. purpurea® 10 —_ — 10 M. elangata™ 7 — 6 13
D. sternopleuralis 11 9 2 22 M. neodistincta” 25 — - 25
g. slynpanishi 17; 27 8 1 }g z pleurolineata 52 — 12 24
. tongpua — — . virajpetiensis* 1 — — 31
Subgenus: Sophophora Genus: Muigravea
D. anomelani 305 —_ - 305 M. parasiatica 6 —_ —_ 6
D. bipectinata 27 11 24 62 Genus: Mycodrosophila
D. eugracilis 119 114 136 369 M. gordoni** 13 — — 13
D. jagni 76 —_ - 76 M. melanopleura® 9 — - 9
D. jambulina 17 13 5 35 M. parallelinervia** 16 — 8 24
D. kikkawai 146 111 60 317 M. penihispidus™ 12 — - 12
D. maggulae* 109 — — 109 M. xanthopleura™ — — 20 20
D. malsrkotliana 14 4 9 27 Genus: Zaprionus
D. pseudoananassae 28 - — 28 Z, multistriatus 5 — 5
D. sampagensis 22 —-— 8 30 Z. pyinoolwinensis 15 — — 15
D. suzukii indius 9 — - 9 3103
D. takahashii 27 - — 27
Sng:hf:ﬁéIgr’}”_QdeOph”a o 0 *New species; - Newly recorded from India
D. latifrontata™ 10 — - 10
D.ialifrontata yakuensis™ 37 - - 37 Acknowledgment: The authors are grateful to Prof. T.
D.longiphallus* 50 — - 50 : : : : H 1
D. paralatihontata™ ” _ — o Okada, Japan, for his help in the 1df>nt1ﬁc«:it10n of.spccncs and to
Subgenus: Scaplodrosophila ; _ _ ; the U.G.C., New Delhi, for financial assistance in the form of
D. elenthiensis® — 57 - 57 SRF to AKS.
D. ovidenticulata® - 54 — 54
D. oviminiatus® 12 — _ 12 References: Gupta and Sundaran, 1990a, Entomon.
B ter” " 7 = .’ 15:257-261; Gupta and Sundaran, 1990b, Proc. Zool. Soc.,
D. peniquadrata i - ” . Calcutta 43:31-35; Prakash and Reddy, 1984, Bombay Nat.
. pressobrunnea — .
D. puriensis a2 — 15 a7 Hist. Soc. 81:323-345; Sundaran and Gupta, 1990,
Subgenus: Dudaica a _ _ ” Senckenberg. biol. 70:265-270; Sundaran and Gupta, 1991a,

Zool. Science 8:371-376; Sundaran and Gupta, 1991b, Zool.
Scripta. 20:291-299.

Cryopreservation of Drosophila embryos took a
giant leap forward in the past year. The recovery rate
for adults from frozen Drosophila embryos, 25%, is
comparable to recovery rates from frozen mouse em-

bryos. In the natural world, there is now evidence for both adult and preadult Drosophila overwintering in North
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America as in Europe. In Japan only adult overwintering has been reported for Drosophila, in contrast to larval
overwintering for Chymomyza.

Ashburner, M. 1992, Frosted flies. Science 258: 1896-1897.

Band, H. T. 1991. More on Drosophila overwintering, DIS 70: 29

. 1993. Drosophilidae (Diptera) collected in spring in Michigan. Great Lakes Entomologist (accepted).

Bronshteyn, V. and P. L. Steponkus. 1992. Differential scanning calorimetry studies of ice formation in Drosophila
melanogaster embryos. Cryobiology 29: 764-765. (abstract).
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Band, H. T. Michigan State University, E. Lansing, MI Chymomyza procnemoides has been found to be
48824 and UVA’s Mt. Lake Biological Station, breeding under bark of damaged white oak trees in
Pembroke, VA 24136. A breeding site for Chymomyza Giles Co., VA. Heavy equipment used in dormitory
procnemoides. construction in summer 1992 damaged a number of

trees fronting a road on the Biological Station

grounds. Chymomyza procnemoides adults were cap-
tured on damaged white oaks in early July, singly and in mating pairs. Most were released after identification in the
laboratory. Bark pulled off from one tree in mid-July where a number of mating pairs were seen had hatched and
unhatched Chymomyza eggs, early instar Chymomyza larvae, 2 third instars of a C. procnemoides size species and a third
instar of a larger Chymomyza species. Also present were frass and a lepidopteran larva. A region of sap flow on the
tree was visible after the bark was pulled off. The larger Chymomyza larva had posterior black spiracles, so probably
was not a Chymomyza caudatula larva which is shown in Ferrar (1987). A Chymomyza caudatula male and another
larger Chymomyza male were captured on a different damaged white oak also in July, as in past years (Band 1988a).
Pictures were taken of the Chymomyza eggs and Chymomyza larvae at VPI & SU in Blacksburg. Attempts to grow the
larvae in the laboratory failed. However, in early October bark pulled from another white oak again had frass, 7 empty
drosophilid pupae cases, 3 empty Chymomyza pupae cases and two Chymomyza pupae (1 dried). A C. procnemoides
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male emerged after return to East Lansing,

Chymomyza aldrichii were also captured on the damaged oaks along with C. procnemoides in the latter part of July.
Where C. aldrichii breeds in the Mt. Lake area remains unknown. This species has been found under bark of injured
aspens in Minnesota (Spieth, 1957) and reared from logs of white spruce, trembling aspen and a white birch stump in
Canada (Teskey, 1976).

The occurrence of C. procnemoides larvae in association with other insect larvae and frass (insect excreta) in
damaged oaks suggests that the occurrence of C. amoena in parasitized fruits and nuts, also containing frass from the
exiting curculio or lepidopteran larva (Band, 1988b), is not unique among species of this genus.

Chymomyza procnemoides is also the most recent Nearctic member of this genus to be found in Europe. It has
now been captured in Budapest, Hungary, on freshly cut poplar trunks (Papp, 1992).

Acknowledgements: Thanks are gratefully extended to Dr. Gerhard Bachli for alerting me to the existence of
Chymomyza procnemoides in Europe.

References: Band, H.T. 1988a, Intern. J. Comp. Psychol. 2: 3-26; Band, H.T. 1988b, Amer. Midl. Nat. 120: 163-182;
Ferrar, P. 1987, Entomograph 8: 1-907; Papp, L. 1992, Folia Entomologica Hungarica Rovartani Kozlemenyek 53:
135-138; Spieth, H.T. 1957, N.Y. Ent. Soc. 65: 89-96; Teskey, H.J. 1976, Mem. Ent. Soc. Canada 100: 1-53.

Band, H.T. Michigan State University, E. Lansing, MI The discovery that Chymomyza amoena in
48824 and UVA’s Mt. Lake Biological Station, Switzerland is breeding in nuts of the European chestnut
Pembroke, VA 24136. Just the right size. Castanea sativa (Band, 1991; Burla and Bachli, 1991,

1992) raises the question, Is this a new niche for the

species? There were no reports of drosophilids

breeding in chestnuts Castanea dentata in this country (Williams, 1989) in contrast to its secondary invader status in

acorns (Dorsey et al., 1962). Nineteenth century references to C. (D). amoena are to its breeding in apples along with

D. (ampelophila) melanogaster (Comstock, 1882; Lintner, 1883), or to the two "Drosophilas” at cider mills (Comstock,
1882) or as household pests (Howard, 1896).

However Downing (1869) reported that the

Table 1. Location of C. amoena aggs on parasitized oriental chestnuts, European chestnut was the most common of the non-native
24 hour egg laying period. species in this country, while the nuts identified to carry the
' Nut chestnut blight fungus Endothia parasitica here were

Lossian ! . ° 4 toa Spanish or European chestnuts (Collins, 1913, 1915). Since

i ey apex : 2 ” o Chinese chestnuts Castanea mollissima are present at the
iU you ! 5oy 6+ Rt. 700 farm in Virginizf, collect.ions of nuts were made in
fly probably in hole yes Fall 1992. Nuts from which weevil larvae had exited (Payne,
total no. of eggs 10 52 54 20 136+ 1978) were old. Weevil larvae had not exited from the 1992

crop of fallen nuts, the parasitized nuts denoted by a "black
sting area” or an occasional tiny hole. Therefore 36 "old"
nuts with exit holes and 35 new nuts lacking exit holes were collected. Eight empty pupal cases and two Chymomyza
larvae were present in 8 of the old nuts. The larvae successfully pupated and one C. amoena emerged. Among 24 new
nuts, 12 showed evidence of parasitism upon dissection. The rest were left entire and saved after weevil larvae emerged
later in October.

To determine if C. amoena females would oviposit in/on the parasitized oriental chestnuts, nuts were first soaked
in distilled water a week to restore moisture (Spieth 1988). On an initial group of 3 chestnuts, females especially
oviposited around the hilum at the base of the nut, but also in exit holes in a 24 hour period. A total of 104 eggs were
counted. On a second group of 4 nuts, oviposition in a 24 hour period was predominantly in the styler hairs at the apex
of the nut. Two larvae were later seen to enter the nut through the style at the apex. Eggs were also laid at the base in
the hilum area. However, one fly had entered an exit hole and was stuck via her wings inside the nut, a second fly
emerged on a nut while eggs were being counted. On a third nut, two red eyes peered out of a weevil larval exit hole
and the fly emerged, indicating chestnut weevil larval exit holes are "just the right size" for C. amoena females to enter,
oviposit, and exit.

Table 1 shows the distribution of eggs on the second group of chestnuts. No dissection was made to count egg
numbers inside, though the likelihood is that more eggs are outside than in, and C. amoena larvae gain entrance either
via the exit holes or "peak." Both groups of nuts were placed with moistened tissue and regularly sprayed with distilled
water to prevent drying. However, experiments were carried out in February, nuts were quite dry so a week’s soaking
may not have been sufficient to restore moisture enabling successful development of C. amoena larvae. No adults had
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emerged after 6 weeks from hatching dates.

That "blue mold" (Penicillium sp.) developed in/on the weeviled chestnuts is expected. Payne (1978) notes that
Penicillium was the most frequent mold isolated from weevil-damaged chestnuts. Winston (1956) notes that in decaying
acorns C. amoena larvae fed on Penicillium sp. and Fusarium sp. which Payne (1978) also notes may be among the decay
fungi found in oriental and European chestnuts.

The fact that C. amoena in Switzerland emerged from parasitized chestnuts collected in November and again
March (Burla and Bachli, 1992), the fact that this species can continue to breed in this country through fall (Malloch and
McAtee, 1924) and the parasitized nut offers better protection to the overwintering larvae than a disintegrating apple
where the 3rd instar stage seems the most successful overwinterer (Band and Band, 1984), the fact that European
chestnuts were present also in this country makes it likely that C. amoena was breeding in chestnuts when this was the
dominant North American hardwood tree. Hence the occurrence of European C. amoena in nuts of the European
chestnut is probably an old niche rediscovered. The ability of C. amoena to invade Chinese chestnuts also creates the
possibility that this species may at some future date achieve a world wide Northern Hemispheric distribution.

Whether or not C. amoena might also have been a vector for the chestnut blight fungus in this country is still under
investigation, since nuts of both European chestnuts (Collins, 1915) and American chestnuts (DePalma and Jaynes,
1982; Jaynes and DePalma, 1984) can carry the fungus and the Swiss noted that fresh tree wounds were one means by
which the blight fungus was spread (Roane et al., 1986). Chymomyza amoena is among the Chymomyza attracted to
freshly damaged trees. However oriental chestnuts are immune to chestnut blight fungus and imported nuts from the
"cured" European chestnuts were free of the fungus (Jaynes and DePalma, 1984).

Acknowledgments: Thanks are extended to Dr. Richard Jaynes, formerly with the Connecticut Agricultural
Experiment Station, for confirming that "Spanish, Italian" and "European” all denote the European chestnut Castanea
sativa and for information on the parts of a chestnut. Thanks are also extended to Mr. Aldon Porterfield for allowing
me to collect chestnuts in Fall 1992 and showing me "sting" sites on the 1992 nuts from which weevil larvae had not yet
emerged.
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van’t Land, Jan, Wilke van Delden, and Albert Although a lot of research has been done on the
Kamping.  Department of Population Genetics, worldwide latitudinal cline for the S(low) and F(ast)
University of Groningen, P.O. Box 14, 9750 AA Haren, alleles of the Adh (II, 50.1) and alpha-Gpdh (11, 20.5)
the Netherlands. Variation in In(2L)¢ frequency in loci, and on the cline for the cosmopolitan inversion
relation to the Adh and alpha-Gpdh polymorphisms in In(2L )t (22D3-E1;34A8.9) in D. melanogaster (Mettler ef
tropical populations of Drosophila melanogaster. al., 1977; Knibb, 1982; Oakeshott ef al., 1982; Singh et

al., 1982; Inoue et al., 1984; Anderson et al., 1987; and

see Lemeunier and Aulard, 1992 for a review), little

attention has been paid to the presence of these clines on the Latin American continent (Pipkin ef al., 1976; Capy et al.,
1986). In this study we present some data on wild populations of D. melanogaster from the Republic of Panama.

Between June and November 1991 wild D. melanogaster flies were collected on 5 locations in Panama: Panama

Ciudad (ST), Las Tablas (LT), Isla de Barro Colorado (BC), Chiriqui Grande (CG) and Bocas del Toro (BT). All these

locations are situated at an altitude below 100 meter. A total of 597 flies were collected (286 males and 311 females).
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Individual females were allowed to lay eggs, and weight and wing length were measured. Horizontal polyacrylamide gel
electrophoresis was carried out to determine the Adh and alpha-Gpdh genotypes for each individual. Populations were
maintained in mass cultures at 25°C and 40-50% RH on standard food (sucrose/dead yeast/agar medium) on a 2-week
schedule. The frequency of In(2L)t was determined by carrying out 90 single-pair crosses per population between wild
type males and virgin females with second chromosome markers dumpy (dp: 11, 13.0) and black (b: 1I, 48.5). Eight
F1-females from each cross were backcrossed to dp b males. The presence of flies with dp or b phenotype in the F2
indicated the occurrence of recombination of the second chromosome and consequently this meant the absence of
In(2L)t. This procedure enabled us to detect the exact proportion of flies which were heterozygous and homozygous for
In(2L)t in each population. The average percentage of recombinants within F2-progenies where In(2L )t was absent,
varied between 31.1% and 33.2% for the 5 populations. These percentages are less than expected (35.5%). This is
probably due to a mixture of chromosomes with regular recombination (no inversions) and some chromosomes with
reduced recombmatlon (e.g., small mversnons) (van Delden and Kamping, 1989) In(2L)t appeared to be always
associated with a Adh /aIpha Gpdh allele combination. The observed In(2L)t, AdhS and aIpha-Gpdh frequencies are
shown in Table 1, together with mean female wing length and mean female fresh weight.

Table 1. Number of collected flies, Adh and aGpdh allele frequencies, frequencies of chromosomes (with AdtS | aGpahf allele combination)

containing /n(2L)t, mean wing length (mm) and mean fresh weight (mg) of 5 Panamanian populations of D. melanogaster, together with the

annual rainfall at the respective locations. Data from other populations are taken from Knibb et a/., 1981 (*), Oakeshott et al., 1982 (**), David,
1982 (") and Capy et al., 1986 (4).

Pop. latitude  annual # collect. Allele freq. mean @ mean a In(2L)t freq. in
code rainfall ~ 3G QQ AdtS  aGpaht  winglength  tresh wght.  AghS/aGpdn® all
(mm) {mm) (mg) chrom. chrom.
Burundi’ s 51002 62 1.00
Congo’ *s 51002 96 98
Bénin" &N 51002 98 99
Cameroon’ 7N 1002 1.0 99
Sogeri*** 88s 22 91 78 0.48
LT 7° 45'N 1150 43 38 91 .90 1.28 .86 0.22 0.18
cG 8°56'N 3750 13 18 81 92 1.30 .99 0.34 0.30
ST 9° 00N 1750 62 60 .85 86 1.29 .88 0.17 0.13
BC 9°08'N 2250 159 186 .96 93 1.29 .92 0.20 0.18
BT 1IN 3300 8 9 .85 97 1.24 .85 0.54 0.44
Snake Bay"* 11°48 1 92 92 0.55
Darwin®" 12°5'S 12 9 92 0.25
Martinique 14°5N 32 1.00 91
Guadeloupet  16° I'N 124 99 92

aNumber of collected females estimated from number of genes sampled.

The observed Adh®, aIpha-Gpth and In(2L)t frequencies are compatible with the frequencies found at similar
latitudes in Australasia (Knibb ef al., 1981; Oakeshott et al., 1982), in Africa (David, 1982) and in the Caribbean (Capy
et al, 1986). These comparative data are summarised in Table 1. The Adh and alpha-Gpdh loci showed
Hardy-Weinberg equilibria for all 5 populations although significant deviations (p < 0.025) were found when In(2L)t
karyotypes were tested. Populations "BC" and "ST" both showed a lack of flies heterozygous for this inversion. The
reason for this is unclear. It is noteworthy that althou, §h there was no significant difference between the 5 populations in
frequency of chromosomes with an Adh /a gha Gpdh combmatlon, we found significantly different In(2L )¢ frequenc1es
(varying from 16.67% to 53.73% of all Adh /alpha-Gpdh chromosomes). Though the number of populations is small,
these In(2L)t frequencies appear to be positively correlated with the annual rainfall on the respective locations (r =
0.724, 0.10 > p > 0.05). No correlations have been found between In(2L )t frequencies and local temperature (mean,
max. and min.), local humidity (mean, max. and min ), mean fresh welght or mean wing length. Similar results on the
relation between rainfall and the frequency of AdhS and cosmopolitan inversions were reported earlier (Knibb, 1982;
Oakeshott et al., 1982), although these associations disappeared when a larger data set was used (Anderson et al., 1987).
Obviously, more populations have to be sampled to give conclusive answers on the question whether D. melanogaster
populations in South and Central America fit in the worldwide latitudinal cline. A combination of field and
experimental work should provide a better understanding of the possible factors influencing and maintaining the
Adh [alpha-Gpdh and In(2L )t polymorphisms.

References: Anderson, P.R., W.R. Knibb and J.G. Oakeshott 1987, Genetica 75:81-88; Capy, P., J.R. David, R.
Allemand, Y. Carton, G. Febvay and A. Kermarec 1986, Genetica 69:167-176; David, J.R. 1982, Biochem. Genet.
20(7/8):747-761; Inoue, Y., T. Watanabe and T.K. Watanabe 1984, Evolution 38:753-765; Knibb, W.R. 1982, Genetica
58:213-221; Knibb, W.R., J.G. Oakeshott and J.B. Gibson 1981, Genetics 98:833-847; Lemeunier, F. and S. Aulard
1992, In: Drosophila Inversion Polymorphism (Krimbas and Powell, eds.), CRC Press, Boca Raton pp. 339-405; Mettler,
L.E., R.A. Voelker and T. Mukai 1977, Genetics 87:169-176; Oakeshott, J.G., J.B. Gibson, P.R. Anderson, W.R. Knibb,
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D.G. Anderson and G.K. Chambers 1982, Evolution 36:86-96; Pipkin, S.B., E. Franklin-Springer, S. Law and S. Lubega
1976, J. Hered. 67:258-266; Singh, R.S., D.A. Hickey and J.R. David 1982, Genetics 101:235-256; van Delden, W. and
A. Kamping 1989, Evolution 43:775-793.

Offenberger, M. and A.J. Klarenberg. Zoologisches The alpha-amylases of Drosophila are well-suited
Institut der Universitdt, Minchen, Germany. for the study of genetic and dietary regulation of
Electrophoretic alpha-amylase variants in the quinaria tissue-specific expression patterns in larvae and adults
section of Drosophila. (Abraham and Doane, 1978; Klarenberg and Scharloo,

1986; Hickey et al., 1989). These enzymes are relatively

stable and readily detected by simple assay and staining
procedures. Electrophoretic alpha-amylase variants are useful in population genetic studies of Drosophila (De Jong et
al,, 1972). Doane (1969) listed the electrophoretically analysed alpha-amylases of 42 Drosophila species, covering 18
species groups, and the closely related Zaprionus vittiger (now: Zaprionus indianus; Tsacas, 1985). Some of the species
studied (D. funebris, D. quinaria, D. tripunctata of the quinaria section, D. repleta of the repleta group and D. bifasciata of
the obscura group) showed alpha-amylases that were "not resolved by the applied buffer system and remained at the
cathode" (Doane, 1969).

For detection of alpha-amylase enzyme variants in these species, agarose and cellulose acetate gel electrophoresis
(Hillis and Moritz, 1990) can be performed on homogenates of flies and larvae. For homogenization, Ringer’s solution
or electrophoresis buffer was used; addition of the non-ionic detergents Triton X-100 or Digitonin to the homogenates
in a final concentration (w/v) of 0.6% resulted in more distinct electrophoretic bands. Electrophoretic mobility of
alpha-amylases of all examined species was not influenced by these detergents. Flies and larvae were grown on media
with 2% dead baker’s yeast to yield high alpha-amylase amounts (Klarenberg et al., 1988). Electrophoresis with agarose
gels was run for five hours at 4°C, 100 mA, 200 V (De Jong et al., 1972). Gels were made of 0.9 g agarose in 100 ml of
41 mM Veronal (5,5-diethyl barbituric acid sodium salt) buffer pH 84. The gel buffer was identical to the
electrophoresis buffer. Cellulose acetate electrophoresis was performed with Tris Glycine buffer pH 8.5 for one hour at
4°C, 10 mA, 250 V. After electrophoresis the gel was stained for alpha-amylase activity on recording clean spots in the
dark blue field of the starch-iodine complex.

Five members of the quinaria group
. . Table 1. o-Amylase enzyme variants detected with agarose and cellulose acetate electrophoresis of
of the. Genus Dr osophlla (D . limbata, D. homogenates of third-instar larvae and adults of the quinaria section of the genus Drosophifa.
kuntzei, D. phalerata, D. transversa, D.

. . Drosophila Drosophila origin of No.of  No. of Adults (A} Amy-Variants
faIIem), three further Specics of the section species strains strains ___and Lawvae (L)
quinaria section (D. funebris, D. putrida quinaria D. limbata Germany 8 71L+ 57A Amy -6, Amy -7
. . . D. phalerata Germany 3 15L+55A Amy -4
and D. immigrans ), four specics Of the D. kuntzei Germany 9 117L+ 33A Amy -3, Amy -4
irilis- i i i [ D. transversa  Finland 2 15L+ 6A Amy -4
virilis-repleta section (D. hyt?et, D. .Itttqralts P Vo ‘ oot Amy 2
and D. repleta) and Zaprionus indianus D. funebris Germany 1 5L Amy -7
] d ‘th D. putrida USA 1 15L Amy -10
were analysed with respect to D.immigrans ~ Germany 10 451 +124A Amy +10, Amy +11
1 H H Spain 2 20A Amy +10
electrophoretic varnar_lts of their virils- repleta . repleta Chrmany : A Ay +10
alpha-amylases. Table 1 lists the results D. hydei Germany 1 15A Amy +7
. . . D. littoralis Germany 1 15A Amy +4
for various iso-female strains on the Zaprionus Z indianus Zaire 1 15L Amy +6

nomenclature used by Doane (1969). All
members of the quinaria group of the sub-
genus Drosophila and two further species of the quinaria section (D. funebris and D. putrida) showed alpha-amylases
moving to the cathode. Homogenates of third instar larvae and adult flies of the same strain yielded identical
iso-amylase bands. The isoenzymes of D. immigrans -- a member of the quinaria section, too -- and of all other species
tested behaved like those studied by Doane (1969) in moving to the anode. With the exception of the enzyme of D.
repleta, the mobilities of the Amy bands were the same as noted by Doane (1969). Confirming her observation, D.
immigrans alpha-amylase is moving very slowly, but mobility can be increased on cellulose acetate gels by using a more
alkaline buffer system (Tris Glycin pH 9.6).

The existence of positively charged alpha-amylases in all of the examined species of the quinaria group and in two
further species of the quinaria section is strengthening the assumption that electrophoretic mobilities of alpha-amylases
reflect the phylogenetic relationship of the various species of this taxon (Table 2). This list is based on data of several
authors (Doane 1969; Daniou et al., 1987; Da Lage et al., 1989). The genus Drosophila comprises at least 20 different
mobility variants. If Amy-variants with intermediate mobilities (e.g., Amy +3.4 in D. melanogaster; Daniou et al., 1987)
are included (not listed in Table 2), then the genus Drosophila has at least 27 different mobility variants. However, the
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Table 2. A compilation of the number of o-amylase electrophoretic bands and their mobilities in ditferent species groups in the subgenera of the genus Drosophila. In
parentheses the number of species are given. * Denotes molecular evidence of a Amy gene-duplication, ¥muttiple Amy genes on different chromosomes.

SUB/GENERA and o-AMYLASE BANDS
SPECIES GROUPS A0 7 6 -4 83 2 4 1 42 4B 44 15 46 +7___+B 40 +10 +11. +12 +14

SG Sordophila (1) - - - - . R . .
SG Sophophora
obscura (5)" - - - - - . - - - - . . . + + .
melanogaster 1% - - - - - - + + + + + + + + + +
willistoni (4) - - - - - - - . . .
saltans (1) - - - - - - - - - - + - - R -
SG Hirtodrosophila (1) - - - - - - . - - R R + R . .
8G Pholadoris
victoria (1) - - - - - - - - - - R . - +
latifasciaeformis (1) - - - - - - - - . R . R .
SG Drosophila
quinaria section
immigrans (1) - - - - - - . - - - - . R . R . +
funebris (1) - + - . .
quinaria (5) - + + + + +
testacea (1) +
virilis-repleta section
virilis (9) - - - - - - - - . R + +
robusta (1) - - - - - - - - - R . R N
melanica (3) - - - - - - - - . - . - . +
annulimana (1) - - - - - - - - R - R N R
repleta (3)* - - - - - - - - - R R - " -
G Zaprionus (1} - - - - - - R . - R R N . N

+
+

+

o

actual number of electrophoretic alpha-amylase variants may increase further by the use of special techniques like
sequential electrophoresis (Keith, 1983) and investigation of more species.
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Aquadro, and W.W. Anderson 1990, Genetics 126:131-138; Da Lage, J.-L., M.-L. Cariou, and J.R. David 1989, Heredity
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Goerick, S. and W.-E, Kalisch. Institut fiir Genetik, There are several advantages to analyse the
Ruhr-Universitat Bochum, FR Germany. Is dosage regulation of dosage compensation of secretion proteins
compensation female-regulated by a chromosome 2 in the D. nasuta subgroup towards D. melanogaster. (1)
factor in the D. nasuta subgroup? The D. nasuta subgroup consists of strong related

species of which several are totally cross fertile (Wilson

etal, 1969). (2) At least 4 X-chromosomal major
fractions are found in SDS-PAGE of each subgroup species, compared with one fraction in D. melanogaster (Goerick
and Kalisch, 1993a). (3) Total amount of individual X-chromosomal fractions in third instar larvae is twice the amount
found in D. melanogaster. This enables densitometric measurements in the SDS-PAGE from individual salivary glands.
(4) Each species has a characteristic pattern of protein fractions by the number, the amount, and the mobility in
SDS-PAGE (Ramesh and Kalisch, 1989). By this, it is possible to identify and to quantify parental fractions in
heterozygotes as well as in hybrid larvae (Goerick and Kalisch, 1993b).

In the D. nasuta subgroup, dosage compensation of larval secretion protein fractions is female-regulated by
hypoactivity of both X chromosomes. This is indicated by F1 D. nasuta / D. n. albomicans female hybrids (as well as
other female hybrids in the D. nasuta subgroup) which show a dosage effect (Goerick and Kalisch, 1993a,b). To prove
whether or not the hybrid combination of the female X-chromosomes is exclusively responsible for the dosage effect
(i.e., the failure to compensate gene expression in females), we measured the X-chromosomal secretion proteins of F2
hybrid females from reciprocal D. n. nasuta X D. n. albomicans crosses (Table 1).

Our results were not concordant with our assumptions. We expected, based on the data of the F1 female hybrids,
that F2 females with a hybrid combination of X chromosomes (N/A; A/N) exclusively should express dosage effect,
whereas F2 female hybrids with homozygous X-chromosomes exclusively should express dosage compensation based on
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data of the P-generations. We found that F2 females with a hybrid combination of X chromosomes show dosage effect
and dosage compensation, respectively. In a comparable way, dosage compensation and dosage effect are respectively
found in F2 females with a homozygous combination of X chromosomes.

These data indicate that the combination of X chromosomes (as well as any hybridity effect) are not exclusively
responsible for dosage compensation or dosage effect. There must be at least one autosomal factor regulating dosage
compensation in the females which has to be different in both species involved. In Table 1, autosomal differences exist
between homozygous females of the P-generations, F1 hybrid females and F2 females, which are homozygous or hybrid
for each pair of autosomes. Any autosomal factor involved in the regulation could, for example, initiate dosage
compensation by homozygosity as well as dosage effect by hybrid combination.

Table 1. Dosage compensation (comp.) and dosage effect (effect) of X-chromosomal secretion protein
fractions in individual larvae of different X-chromosomal genotypes. Protein amounts are indicated by
densitometric measurements (for methods see Goerick and Kalisch, 1993a,b). Data of homozygous
females (N/N and A/A in the P-generation) have been compared with those of homozygous males of
the same species; data of hybrid F1 and F2 females as well as males have been compared with those of
homozygous females and males of both species involved. Data presented are based on more than two
hundred individual larvae in each generation.

P N/N X AlY | AIA X N/Y |

comp. | effect comp. | effect

+ +

F1 N/A x N/Y | A/N x AlY |

comp. | effect comp. | effect

+ +

F2 females N/N N/A A/A A/N

comp. | effect | comp. | effect comp. | effect | comp. | effect
expected + + + +
found + + + + + + + +

N: D. n. nasuta; A: D. n. albomicans; Y: Y-chromosome

We suggest that the autosomal factor involved in the regulation of dosage compensation is a transcription factor
which normally acts in XX genotypes by hypoactive transcription of secretion protein genes. The factor (or its target
sites) has to be species-specific. By this, hybrid genotypes fail to compensate the dosage effect by hypoactivity of the
female X chromosomes. We know that the D. nasuta subgroup is characterised by a large variety of evolution genetic
differences concerning regulation of larval secretion proteins (Goerick and Kalisch, 1993a). By this, even transcription
factors responsible for the dosage compensation of secretion proteins could have been changed. At least we know that
females indicating a dosage effect of secretion proteins are normally viable and fertile. Therefore, differences even in
transcription factors (and their target sites) basically cannot be excluded in the D. nasuta subgroup.

So far, the formal genetics of the whole D. nasuta subgroup is insufficient for any detailed chromosomal
localisation. However, fusion of chromosome 3 with the gonosomes in D. albomicans indicates that regulation of dosage
compensation in the F2 females of Table 1 cannot be involved by an autosomal factor in chromosome 3. Additionally,
the relation of chromosome length between chromosome 2 and chromosome 4 makes it very unlikely that the
transcription factor is localised in the dot-like chromosome 4 (Ranganath and Hagele, 1982). By this, chromosome 2
remains a candidate for further investigations.

Using two D. n. nasuta mutations, we could establish a series of X chromosomal homozygous and hybrid genotypes
with homozygous and hybrid combinations of chromosome 2, respectively (Kalisch and Goerick, 1993). By this, we can
switch on and off dosage compensation according to the autosomal background used. This system could favour future
analysis of any transcription factor in regulation of dosage compensation in the D. nasuta subgroup,

References: Goerick, S. and W.E. Kalisch 1993a, PNAS, in press; Goerick, S. and W.E. Kalisch 1993b, Dros. Inf.
Serv., this issue; Kalisch, W.E. and S. Goerick 1993, Dros. Inf. Serv., this issue; Ramesh, S.R. and W.E. Kalisch 1989,
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Genetica 78: 63-72; Ranganath, H.A. and K. Hagele 1982, Chromosoma 85: 83-92; Wilson, F.D., M.R. Wheeler, M.
Harget and M. Kambysellis, Stud. in Genetics V, Univ. Texas Publ. 6918: 207-253.

Chatterjee, R.N. Department of Zoology, University of
Calcutta, India. Investigation of transcriptional activity
of the X chromosome of Drosophila hydei carrying a
male lethal mutation,

A number of lethal mutants were isolated during a
sex linked lethal test performed in Drosophila hydei.
Most of the mutant males die as embryos. In one case
(1), the mutant males died as larvae or early pre-pupae.

Salivary gland chromosome preparations from the larvae

that would eventually die were made, and the level of
synthetic activity pattern of the X chromosome was estimated by autoradiographic processing. The procedure used in
this laboratory has been followed (Chatterjee and Mukherjee, 1981).

The configuration and
3H-uridine labeling pattern of the
X chromosome of the mutant
male (1,) is shown in Figure 1. As
it appears from the photo-
micrograph, the diameter of the
male X chromosome was 1.5
times that of the diploid
autosomes. In fact, the whole X
chromosome represents a gener-
alised puff. The width of the X
chromosome is also_consistent
with the level of >H-uridine
incorporation, which is greater
than that of the diploid
autosomes. It is possible that the
male lethal effect of the progeny
may be due to elevated levels of
transcription in the single X -
chromosome of the male.

Acknowledgment: This
work is supported by a UGC

Figure 1.  Photomicrograph showing 3H-uridine labeling over the X
chromosome and autosomes in a nucleus from male larval gland of
grant. Drosophila hydei carrying a male lethal mutation. X = X chromosome; A =

Reference: Chatterjee, RN.  autosome; n = nucleolus. Bar represents 10 um.
and A.S. Mukherjee 1981, J. Cell

Sci. 47: 295-309.

Shirolikar, Seema M. and R. Naresh Singh. Molecular

In Drosophila a wealth of information is available

Biology Unit, Tata Institute of Fundamental Research,
Homi Bhabha Road, Navy Nagar, Colaba, Bombay 400
005, India. Development of synapses in the embryo and
larva of Drosophila melanogaster.

on the formation of the peripheral and central nervous
system (CNS) during the embryonic development
(Poulson, 1937, 1950; Sonnenblick, 1950; Kankel et al.,
1978; Campos-Ortega and Hartenstein, 1985; Canal

and Ferrus, 1986, Hartenstein ef al., 1987). Except a

few studies at the ultrastructural level (Bastiani ef al.,
1984; Raper et al. 1984), most of the studies have used light microscopy for following the progress of embryonic
development. Bastiani et al. (1984) and Raper ef al. (1984) carried out ultrastructural analyses of the interactions
between the growth cone filopodia of the G axon with the fascicle of A/P axons. They showed that filopodia of the G
axon have selective affinity for the P axons as compared to the A axons or other fascicles.

The larval development in Drosophila was investigated through light microscopy by White and Kankel (1978),
Thomas et al. (1984), Truman and Bate (1988), Hartenstein (1988), Prokop and Technau (1991), and both through
electron and light microscopy by Singh et al. (1989). Studies with respect to the changes occurring in the neuropils of
larva, such as development of synapses have not received sufficient attention. Since synapses are important sites through
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which the neurons communicate with each other, we decided to study the development of synapses during the formation
of CNS in the embryo and larva of Drosophila. Synapses are mainly of two types - chemical and electrical. As chemical
synapses can be identified with confidence by the presence of synaptic vesicles in the presynaptic region, we preferred to
concentrate our study on chemical synapses. We have used transmission electron microscope (TEM) for following the
course of development of synapses in Drosophila embryos.

Three to five day old D. melanogaster wild type Canton $ flies were used for collection of eggs at 25°C. The initial
two lots of eggs laid during the first two hours were discarded. Subsequent batches of eggs were collected at hourly
intervals and were allowed to grow at 25+1°C separately on fresh food surfaces containing yeast. At the end of the
required period of growth, the chorion and vitelline membrane of the eggs were removed by placing them on a double
sticky tape and rolling them individually with a tooth pick in a drop of fixative (Karnovsky, 1965). Such eggs were fixed
with 2-3 ml Karnovsky’s fixative in a glass cavity for 4-6 hours at room temperature (RT) (Karnovsky, 1965). Post
fixation was done with Dalton’s K,Cr,0, and OsO, mixture for 2 hours on ice and 1 hour at RT (Dalton, 1955).
Although this fixation method gave good tissue preservation for embryos older than 24 h in age, for embryos of this or
younger ages these fixatives did not give optimal fixation. Therefore, we have used zinc iodide-osmium tetroxide as a
fixative (Akert and Sandry, 1968; Schurman, 1980). For both regimens of fixatives, specimens were washed with 0.1 M
phosphate buffer of pH 7.4, dehydrated with increasing concentrations of ethyl alcohol followed by propylene oxide,
infiltrated with Durcupan ACM (Fluka), oriented and embedded in the same resin mixture in BEEM capsules. The
polymerisation was done by an overnight incubation at 60°C. Specimens were sectioned with glass knives using LKB
Ultrotome III.  Sections were picked up on Formvar film made from 0.4% polyvinyl formal solution in 1-2,
dichloroethane, held on copper slots, stained with saturated aqueous uranyl acetate at 60°C for 10 minutes washed with
water and stained with Reynolds’ lead citrate at RT for 5 min (Reynolds, 1963). Subsequent examination was done with
a Jeol JEM 100 S electron microscope.

Drosophila embryos were examined at different ages. Up to 13 h of development in the embryo, neither synaptic
junctions nor vesicles are observed. This is in agreement with earlier observations of Thomas et al. (1984). Neuropil at
this stage contains loosely packed neuronal profiles and the intervening space is filled with extracellular fluid. The
neuronal profiles of 14 h old embryo contain growth cones at their tips (Figure 1A, arrow). However, they do not
contain either synaptic vesicles nor show any synaptic specializations. Later at about 16 h, these profiles show further
enlargement at the growth cone region and clusters of synaptic vesicles are found within them (Figure 1B). Most of
these vesicles are either round, 30-50 nm in diameter or flattened vesicles of 20-30 nm in size (Figure 1D). But, the
junctional specializations like pre- and post-synaptic membrane densities are not formed at this stage. At 18 h, the
neuropil becomes more compact and enhanced staining of synaptic vesicles can be visualized in the neuronal profiles
which show pre- and post-synaptic specialization (Figure 1C).

In the CNS of vertebrates quite a few types of synaptic vesicles are known to exist: i) electron lucent spherical
40-60 nm diameter vesicles containing acetylcholine or amino acids; ii) electron lucent flattened vesicles 30-60 nm
diameter, having gamma-amino butyric acid or glycine; iii) electron-dense or dense core 40-100 nm diameter vesicles
containing catecholamines; and iv) large electron-dense vesicles of diameter 100-160 nm known to be neurosecretory
granules (Shepherd, 1979). We have used a mixture of zinc and osmium tetroxide as a fixative, and hence all the
synaptic vesicles found within the neuronal profiles become electron-dense. Because of this, we have been able to
classify the synaptic vesicles present in the CNS of Drosophila embryo of various stages into two types. They are either
spherical vesicles or the flattened type vesicles (Figure 1B-D). We have also counted the average number of synaptic
vesicles per synapse in different developmental stages. The average number of synaptic vesicles per unit area of
ultrathin sections or for that matter per synapse rises rapidly from zero value at 16 h until 24 h and subsequently it
stabilizes (Figure 2). For stages later than 48 h of development, we were able to characterize 3 types of synaptic vesicles:
electron lucent, electron dense and dense-core (Figure 1F) using Karnovsky’s and Dalton’s fixatives successively. The
number of synapses, however, increase sharply between 15 h and 22 h and then decrease with similar rapidity by 24 h to

Figure 1. Electron micrographs of the developing neuropil of D. melanogaster embryos and larvae grown at 25°C. A,
loosely packed neuronal profiles at 14 h. Some growth cones make contact with each other (arrow) as a prelude to -
fascicle formation. B, synaptic vesicles are prominently visible at 16 h (white arrow). C, neuronal profiles compactly fill
the neuropil at 18 h. Synaptic junctions are formed (arrow). D, synapses become mature by 20 h. Flat (arrow) and
round (arrowhead) vesicles are identifiable. E, population of synapses and synaptic vesicles in a brain hemisphere
neuropil at 48 h, stained with zinc iodide-osmium tetroxide. F, neuropil of the brain hemisphere of third instar larva
treated with Karnovsky’s fixative followed by Dalton’s chrome-osmium tetroxide fixative, showing: electron lucent
(small arrow), electron dense (arrowhead) and dense-core (thick arrow) vesicles. Glycogen (asterisk), typical of larval
neuronal profiles (Singh et al., 1991) in Drosophila neuropil. Magnification bar = 1 um.
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Figure 2. Increase in the average number of synaptic Figure 3. Formation and selective degradation of
vesicles with the progress of development of D. synapses in the embryo and larva of D. melanogaster.

melanogaster embryo and larva.

an approximately stable value (Figure 3). The net loss of synapses from the peak value to stable value is approximately
70%.

The loss in total number of synapses in Drosophila may be viewed as a sum total of their formation and breakdown.
The very processes of eclosion, motor activity or sensory experience may play some role in the loss of number of
synapses. It is plausible that the reserved pool of pro-synaptic molecules is utilized between the time of eclosion (20 h)
to the peak of number of synapses (22 h). A similar increase and decrease in the number of synapses was also observed
during the development of the visual system of Musca domestica, but the net loss of synapses was found to cease around
eclosion (Frolich and Meinertzhagen, 1983).

Acknowledgments: We thank Dr. Rajashekhar Patil, Mrs. Shubha Shanbhag and Mrs. Kusum Singh for helpful
suggestions and help on various occasions.
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McNamee, S. Drosophila Population Biology Unit, Breweries are a ‘domestic’ habitat known to have
University of Leeds, Leeds, LS2 9JT, UK. Collection of several Drosophila species associated with them.
Drosophila ambigua from an alcoholic resource in Collections made in breweries in Yorkshire recorded D.
Scotland. melanogaster, D. virilis, D. subobscura, D. buskii, D.

funebris, D. immigrans, D. hydei and from one brewery

D. obscura (Newbury, 1984; McNamee, unpubl. data).
Similar species, particularly the ethanol tolerant D. melanogaster and D. virilis, would have been expected from
collections made in the alcoholic habitat of a ‘bodega’ (sherry maturation cellar). In July 1992 Drosophila larvae and
pupae were observed in the seepage from leaking sherry casks in a bodega attached to a distillery in central Scotland.
Some of these larvae and pupae were collected so they could be identified as emerging adults at a later date. Baits of
apple, onion, rowanberry and lemon were chopped and pre-rotted for a week before being placed on 2-3 cm agar in 1" x
3" glass tubes. These were left in the bodega for a week to allow the Drosophila time to lay eggs. After collection, the
tubes were closed with foam bungs and placed in an 18°C incubator. All the emerging adults (>200 individuals) from
the baits and the sherry seepage were of one species, D. ambigua (‘obscura’ group). Despite the close proximity of a
brewery (<800 m) no D. melanogaster or D. virilis were collected. Many individuals of the parasitoid Asobara tabida
were also recorded and this may be the first record of this parasitoid from D. ambigua. A possible explanation for the
presence of D. ambigua in the bodega, but not other alcoholic sites in Britain, is that it may have been transported
directly from Spain with the original sherry casks. It is unclear why other species from the nearby brewery have not
invaded the bodega since Drosophila are known to disperse over these distances.

References: Newbury, S.F. 1984, PhD Thesis, Univ. of Leeds; McNamee, S. unpubl. data.

Dytham, C. and S. McNamee. Drosophila Population Drosophila melanogaster and D. simulans are both
Biology Unit, University of Leeds, Leeds, LS2 9JT, UK. domestic, cosmopolitan species and often coexist in the
Identifying hybrids of D. melanogaster and D. simulans. wild. The two species are closely related and will

produce sterile hybrids intermediate in their morphology
in the laboratory (Sturtevant, 1920) and in the field
(Sperlich, 1962). Males of the two species can be separated by their genitalia. Females of the two species are usually
deemed indistinguishable but may be reliably separated by taking linear head and size measurements and performing a
canonical variate analysis (Dytham and McNamee, 1992; McNamee and Dytham, 1993). This method of female
separation has been extended to
differentiate between D. melanogaster, D.

simulans, and their hybrids. The D. 4

melanogaster and D. simulans stocks used °

were initiated from flies collected at a 3 ° o

wholesale fruit market in Leeds in summer co o

1991. Hybridization of these species is 2 °

asymmetric with the cross of D. @ o ° °
melanogaster females with D. simulans I ° o °

males occurring much more readily, and % P o .

this cross was used to produce the hybrids © o s By ° o ° o o

for measurement. Since only sterile a, 8 o
female adults are produced from this -11 ¥ e

cross, 20 female hybrids were compared ad 4 ° * o®® o
with 20 females from each of the parent -21 o
stocks. Thorax length, tibia width, eye 4 *

height, eye width and five eye margin -3 - . ' AR — T
measurements were taken (see McNamee 6 6% -4 -3 -2 -1 0 1 2 3 4 &5 8
and Dytham, 1993, for accurate description CAN1

of measurements taken). A canonical

variate analysis was carried out using all

nine measurements. Figure 1. Position of individual flies on first two canonical axes.
The results show that hybrids are Filled circles, D. melanogaster; triangles, D. simulans; open

intermediate between the two parent circles, hybrids.
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species (Figure 1), suggesting the characters measured are heritable. All three groups are highly significantly different
from one another (p < 0.0001 in all cases), although the hybrids were more similar to D. melanogaster females. There is
no overlap in the distribution of individuals (Figure 1). The first canonical axis explains 89.7% of the variation between
groups and uses eye margin characters (especially cheek width and forehead width) as the main distinguishing features
and is not a measure of size. The second canonical axis uses the size measure, thorax length, and eye height to separate
the groups. If samples of both pure species were available, this technique could be used to monitor the incidence of
hybrids of D. melanogaster and D. simulans in mixed populations in the laboratory or the field.

References: Sturtevant, A.-H. 1920, Genetics 5:488-500; Sperlich, D. 1962, Dros. Inf. Serv. 36:118; Dytham, C. and
S. McNamee 1992, Dros. Inf. Serv. 71:253-254; McNamee, S. and C. Dytham 1993, Sys. Ent., in press.

McNamee, S. and C. Dytham. Drosophila Population Two populations of D. melanogaster from different

Biology Unit, University of Leeds, Leeds, LS2 9JT, UK. habitats and a single population of D. simulans are

Morphology of Drosophila melanogaster in populations compared using the methods described by Dytham and

sympatric with and allopatric to D. simulans. McNamee (1992) and more fully in McNamee and
Dytham (1993).

Strains of both D. simulans and D. melanogaster
were initiated with flies collected from the Pontefract Lane wholesale fruit market, Leeds, in summer 1991, where the
two species have been shown to coexist over a number of years (Atkinson, 1977; Rosewell, 1986; McNamee, unpubl.
data). A second (allopatric) D. melanogaster strain was initiated with flies collected from four breweries in Yorkshire,
UK in summer 1991. Breweries have similar species of Drosophila to those present in fruit markets, except D. simulans
is absent (McNamee, unpubl. data; Newbury, 1984). The two market populations have been analysed previously,
showing that accurate identification of females of the two species is possible (Dytham and McNamee, 1992; McNamee
and Dytham, 1993).

Canonical variate analysis
using the linear head and size
measurements places the brewery
(allopatric) D. melanogaster
between the market (sympatric) Stm ¢
D. melanogaster and D. simulans 20 Symp ¢
(Figure 1), though closer to the
market D. melanogaster. The
difference observed is greater for
females than males of the species
though all groups (species and
sexes) are significantly different
from one another (p < 0.0001 in
all cases). The principal
measurements important in
discrimination on the first Allo ¢
canonical axis (which explains —t
72% of the variation between T2
groups) arc eye margin measures;
cheek width and forehead width.

The second canonical axis =3 : : : : : '
(explaining 22% of the variation) -6 -4 -2 0 2 4 6
gives most weight to the ‘size’ Canonical variate 1

measure, thorax length. The first
axis separates the groups by
strain, whereas the second axis is
largely a ‘size’ measure and thus
separates the relatively small
males from large females in all
the three strains.

The sympatric, market popu-

or Allo ¢
Sim &

Canonical variate 2

Symp ¢

Figure 1. Position of centroids of groups on the first canonical axes calculated
using canonical variate analysis. Bars indicate + 1 standard deviation. Each
group contains 20 individuals and is significantly different from all others (p <
0.0001). Key: allo - allopatric D. melanogaster, symp - sympatric D.
melanogaster, sim - D. simulans.
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lation of D. melanogaster is more different from D. simulans than is the allopatric, brewery population. There are three
possible explanations for this:

(1) This could simply be a chance effect, with genetic drift causing these two, perhaps isolated, populations of D.
melanogaster to differ morphologically.

(2) The narrower eye margins of the brewery D. melanogaster might also represent an adaptation to the alcoholic
brewery environment and be a selected trait.

(3) The difference between the sympatric and allopatric populations could also be interpreted as an example of
character displacement, where the market population has evolved in the presence of D. simulans to become less like its
competitor.

References: Dytham, C. and S. McNamee 1992, Dros. Inf. Serv. 71:253-254; McNamee, S. and C. Dytham 1993,
Sys. Ent., in press; Atkinson, W. 1977, PhD Thesis, Univ. of Leeds; Rosewell, J. 1986, PhD Thesis, Univ. of Leeds;
McNamee, S., unpubl. data; Newbury, S.F. 1984, PhD Thesis, Univ. of Leeds.

McNamee, S. and C. Dytham. Drosophila Population The ‘melanogaster’ species sub-group comprises of
Biology Unit, University of Leeds, Leeds, LS2 9JT, UK. eight species. Four of these species; D. melanogaster, D.
Morphological discrimination of four species of the simulans, D. mauritiana and D. sechellia are very closely
melanogaster species sub-group. related and form the ‘melanogaster species complex

(Lachaise, 1988). Males may be distinguished by the

processes on the genital arches (Sturtevant, 1920;
Tsacas and David, 1974; Tsacas and Bachli, 1981), while females are usually distingnished only by their male progeny.
Females of D. melanogaster and D. simulans have previously been separated reliably using a series of linear head
measurements (Dytham and McNamee, 1992). Here we extend the analysis to include D. mauritiana and D. sechellia.
The method used is identical to that described in McNamee and Dytham (1993). Samples of 20 males and 20 females of
each of the four species were used. Two general size measurements (thorax length and tibia width) and seven head
measurements (eye height, eye width and five measurements of the eye margin) were taken.
41
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group contains 20 individuals and is significantly
different from all others (p < 0.0001). Mau - D.
mauritiana, Mel - D. melanogaster, Sec - D. sechellia,
Sim - D. simulans.
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The results of a canonical variate analysis of these data show that each group is highly significantly different from
all other groups (Figure 1). As previously noted (Dytham and McNamee, 1992; McNamee and Dytham, 1993) the first
canonical variate separates the species and the second is a measure of size, separating smaller males from females. A
dendrogram based on the Mahalanobis distances between the groups after the canonical variate analysis shows that D.
sechellia and D. mauritiana are very much more similar to D. simulans than they are to D. melanogaster (Figure 2). This
observation concords very well with dendrograms calculated from allozyme data (Lachaise, 1988) and a range of
morphological and genetic characters (David and Capy, 1988).

This technique could be used to identify females of these four species reliably.

References: Lachaise, D. ef al. 1988, Evol. Biol. 22:159-226; Sturtevant, A.H. 1920, Genetics 5:488-500; Tsacas, L.
and J.R. David 1974, Bull. Sco. Entomol. Fr. 79:42-46; Tsacas, L. and G. Bachli 1981, Rev. Fr. Entomol. 3:146-150;
Dytham, C. and S. McNamee 1992, Dros. Inf. Serv. 71:253-254; McNamee, S. and C. Dytham 1993, Systematic
Entomology, in press; David, J.R. and P. Capy 1988, Tr. Gen. 4:106-111.

Dytham, Calvin and Lynne O’Brien. Drosophila The sibling species D. melanogaster and D.
Population Biology Unit, Department of Biology, simulans will hybridize freely in laboratory conditions
University of Leeds, Leeds, LS2 9JT, UK. Transmission (Sturtevant, 1920). The offspring of such hybridizations
of an inserted sequence from Drosophila melanogaster to are always sterile females, the males dying at the third
hybrids with D. simulans. instar. The cross is much more likely to produce

offspring if female D. melanogaster are used (Eoff,

1973). This suggests there is the possibility of horizontal

transmission of foreign DNA from one species to another if the female D. melanogaster was placed in a food tube with
two, 2-3 day old, male D. simulans. This was repeated 50 times. The D. melanogaster were taken from a population
which had a high frequency of a DNA sequence inserted by P-element mediated transformation. Two genes were
inserted in tandem, an Hsp 70-NPTII fusion gene which confers neomycin resistance and the bacterial
beta-galactosidase gene regulated by a composite Hsp 27/Hairy promoter. The population was not homozygous for the
inserted DNA. (Transformed flies were provided by Dr. D. Ish-Horowicz, ICRF Developmental Biology Unit, Oxford).
The tubes were monitored every other day and the parents were removed once the larvae had emerged. Eight of
the 50 tubes (16%) produced adult female hybrids. The parents (where available) and 6-8 of the progeny from six of
these tubes were frozen at -70°C and then analyzed by PCR, using primers complementary to the NPTII coding region.
The results, shown in Table 1, indicate that none of the male D. simulans have the inserted DNA, but all the female D.
melanogaster are transgenic. In three of the six sets of hybrid progeny the inserted sequence is present in all of the
samples while in the other three there are some which have the foreign DNA and some which do not. This is consistent
with what is known of the original D. melanogaster population where some of the population would be homozygous for
the inserted sequence while others would be heterozygotes. In this case it appears that three of the original female D.
melanogaster were homozygous transgenics and three were heterozygous. Thus the inserted sequence appears to be

inherited in the hybrids in normal Mendelian fashion.

If all hybrids are sterile, then there is no possibility

of horizontal transmission of the inserted sequence from D.

Table 1. P b ) of an inserted determined b ;
Tal ! Prosarcs () orsbsarce (o an st seuerce s ctomioedty | melanogaster to D. simulans. However there are two routes
calls were not tested available for successful horizontal transmission. The first is
Male  Female Hybnid Progeny through viable hybrids of these two species. The secognd is
- ¥ F T v T 7 T+ T v T T+ = thron.lgh an intermediate. species' which produces viable
- ¥ + |+ [+ [+ | + |+ [+ [+ hybrids with both species considered here.  Another
+ il e B e S A . 0 O 5 member of the species sub-group, D. mauritiana
- T T (Goulielmos and Alahiotis, 1989), may provide such a route,
+ [+ [+ + [+ + |+ although the possibility of fertile hybrids between D.

mauritiana and D. simulans has been fiercely contested
(Naveira, 1992).

Acknowledgments: We would like to thank Emmanuelle Berthier for excellent technical assistance. This work is
supported by the UK. Dept. of Environment.

References: Eoff, M. 1973, Am. Nat. 107: 247-255; Goulielmos, G.N. and S.N. Alahiotis 1989, Genome 32:
146-154; Naveira, H.F, 1992, Heredity 211-217; Sturtevant, H.T. 1920, Genetics 5: 488-500.
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Tolerance to a progressive desiccation stress in
Drosophila melanogaster and D. buzzatii populations

Research Notes 115

Drosophila adults are very sensitive to heat
desiccation stress and adult survival in a dry and hot
environment is a major ecological problem for
understanding their geographic and microhabitat
distribution (David et al., 1983; Hoffmann and Parsons,
1991). Numerous investigations deal with this problem,
comparing either different species or geographic
populations, and a diversity of techniques have been

from a desert oasis. worked out. However, temperature was generally kept
constant, and two kinds of methods have been used.

1) Acute stress (i.e., high temperature) applied for
a short duration (a few minutes or hours) and then measuring the percent survival, generally after a recovery of 24
hours.

2) Chronic stress: adults are submitted to desiccating conditions without food at a given temperature, and survival
duration is measured; if the norm of reaction of the species is analysed, aliquot samples of flies are studied at different

temperatures (e.g., Da Lage ef al., 1989)

@ 130
£ 120
= Heat Coma
Z 1o
Figure 1. Example of a weight-loss 100
curve of an adult D. melanogaster %0
male, when submitted to a 80
progressively increasing temperature
under desiccating conditions. A b
regular curve without oscillations 60
indicates the temperature at which 50.
the fly enters heat coma (H.C.) (in w©.
this case, 43.6°C).
30
20
10
R T R B T a7

Temperature °C

Such experimental studies, although providing
interesting results, fail to reproduce stress
conditions existing in nature. Natural conditions

Table 1. Biological parameters of flies submitted to a flux of dry air when entering heat
coma (both sexes pooled).

are characterized by progressive variations and also D. melanogaster  D. buzzatii  Comparison (1
by daily per.10d1c1ty. .For example, under a dry hot Body water ¥ 166.30+4.90 18120 +3.75 245
climate during day time, temperature will increase cy 1250 10.14
from ZSOC to 40°C while relative hlll'l‘Ild.lty (RH) Transpiration tlux X 207.61£9.54 17279 17.92 281"

. Cv 1949 22.45
may simultaneously decrease from 70% to 20%. Heat coma (°C) T 4380£025 48.80 +0.24 13.82+

For an adult fly there are two possible survival Cv 242 241
strategies: either being able to tolerate for a while n 8 2
such adverse conditions, or to escape by finding a
favorable microhabitat, e.g., a close vicinity of
water (Parsons, 1983).

In the present paper, we have tried to compare two populations of two species living in a dry environment, ic. a
Tunisian oasis. These species are the widespread cosmopolitan D. melanogaster and a cactophilic species of American
origin, D. buzzatii. In the case of D. melanogaster, it was already shown that using a different technique, the Tunisian
population was especially tolerant to desiccation, in absence of any heat effect (Hoffmann and Parsons, 1991). For

Body water and transpiration flux are given for the heat coma. X : mean value with SEM,
CV: coefficient of variation (in %). n : number of flies
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comparing the two species, we have used a method already applied to numerous insect species (Vannier, 1987) and in
which temperature is progressively increased under desiccating conditions.

Individual flies are put in a small perforated cage of aluminum foil and suspended to the balance pan in a chamber
3 cm in diameter. The recording microbalance is itself within an incubator and a programmed regulator increases the
air temperature from 20°C to 70°C at a regular speed of 0.5°C per minute. Silica gel in the incubator ensures zero RH
throughout the experiment.

An example of a weight recording curve is shown in
Figure 1. Weight loss is mainly due to transpiration and

water loss. During the thermal increase, movements of 600 iy
the fly are registered as small oscillations on the curve, P
which is thus an actogram. At a given temperature, — Drosophila melanogaster 4
these oscillations disappear since the fly stops its 500 | i

. aeme Drosophila buzzatii
movements and enters a heat, but reversible, coma. On

Figure 1, heat coma (or thermostupor point) occurred at
43.6°C.

Analysis of weight loss curves allows the calculation
of the transpiration curves, i.e. their derivative. The
average curves for both species are shown in Figure 2.
The two curves have similar shapes: transpiration flux
increases with temperature, reaches a maximum, then
decreases back to zero up to a complete desiccation of
the body. Maximum (water loss) transpiration occurs at 0+
56°C for D. melanogaster and 61°C for D. buzzatii which
is thus more tolerant to desiccation.

At the beginning of the experiment, the body water 100 4
was 206% of the dry weight in D. melanogaster, and
215% for D. buzzatii. A critical stage is the heat coma

8

Transpiration finx 10 *4 mpg/mg/mn

point, whose average position is shown in Figure 2.

Some characteristic parameters at the heat coma
are given in Table 1. The remaining body water was
significantly higher in D. buzzatii than in D. melanogaster
and the transpiration flux lower. But the differences are
not very pronounced (p < 0.05) and the
between-individuals variability is quite high, with
cocfficients of variation ranging between 10% and 22%.

o

20 30 40 50 60 Y
Temperature °C

Figure 2. Variation of the transpiration flux (loss of
weight per minute) according to increasing temperature
in dry air. Average points of heat coma (H.C.) are
indicated on each curve. For D. melanogaster, 18 flics
were studied, and 24 for D. buzzatii.

The temperature of heat coma provides, however, a

better contrast between the two species (p < 0.001) and also the variability is much less (CV of 2.4%). We see that D.
melanogaster enters heat coma at 43.8°C while D. buzzatii stops moving at 48.8°C. Heat coma temperatures have been
measured in numerous other insects and, as a rule the values exhibit a low variability between individuals of the same
species (Vannier, 1987). On the other hand, greater variations are observed between taxa: low values (23°C) were
found in cave Collembola; a very high tolerance was observed in a stored products beetle (Oryzaephilus) with a
temperature of 54.4°C. More numerous Drosophila species, living in very different environments, should be investigated
with this technique.

References: Da Lage, J.L., P. Capy, and J.R. David 1989, J. Insect Physiol. 35(6):453-457; Da Lage, J.L., P. Capy,
and J.R. David 1990, Genet. Sel. Evol. 22:384-391; David, J.R., R. Allemand, J. Van Herrewege, and Y. Cohet 1983, in:
The Genetics and Biology of Drosophila (M. Ashburner, HL. Carson, and J.N. Thompson, jr., eds.) Vol. 3D, Academic
Press, London, 105-170; Hoffmann, A.A. and P.A. Parsons 1991, in: Evolutionary Genetics and Environmental Stress,
Oxford University Press; Parsons, P.A. 1983, The Evolutionary Biology of Colonizing Species, Cambridge Univ. Press,
New York; Vannier, G. 1987, Bull. Soc. Ecophysiol., France 12(2):165-186.
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Prout, Timothy. Department of Genetics, University of This is a report of negative results of an experiment
California, Davis, California 95616. Failure of P on lateral transfer of P elements from Drosophila
element transfer from Drosophila to parasitic wasp. melanogaster to the parasitoid wasp Lepfolina boulardi.

The wasp lays eggs in first instar Drosophila larvae, with
one egg per larva. The wasp then develops inside the
Drosophila larva and finally consumes the Drosophila pupa to emerge from the Drosophila pupa case.

Wasps without P elements were allowed to parasitize the larvae of the Drosophila strain, Nakhodka, from Siberia
(provided by M.M. Green), which has many P elements (>30). DNA from the emerging wasps was probed by Southern
analysis with labeled P DNA and none was found.

This experiment is similar to Houck et al.’s (1991) famous experiment with the mite Proctolaelaps regalis. These
authors proposed a study of "small arthropods" associated with Drosophila in order to find a "categorical subset of
biological agents for a systematic attack of (sic) the problem". Leptolina boulardi is an obvious member of their
category, since it is one of the very common, highly specific parasitoid wasps of Drosophila (Carton et al., 1986).

The primary objective of this wasp experiment was to simply demonstrate the lateral transfer of P elements from
Drosophila to wasp. However, it was speculated at the time that the wasp might possibly be an agent for
Drosophila-to-Drosophila lateral transfer since infected Drosophila larvae occasionally "overcome" the wasp larva and
survive as adults (Carton et al., 1986). An analogous recovery phenomenon is required of Drosophila embryos when
attacked by P element-bearing mites as noted by Houck et al. (1991). However, it was also conjectured at the time of
this failed experiment that there was already evidence against the wasp being a lateral transfer agent because the wasp
regularly parasitizes D. simulans. This species, which it has been shown experimentally can accommodate P elements, is
intimately sympatric with D. melanogaster world wide but has received no P clements from it. This same kind of
three-way sympatry of these two Drosophila species and mites is evidence against Houck et al.’s (1991) hypothesis that
mites are lateral transfer agents.

References: Carton, Y., M. Mouletreau, J.C.M. Van Alphen and J.C. van Lenteren 1986, The Drosophila parasitic
wasps in Genetics and Biology of Drosophila (eds. M. Ashburner, H. Carson and J. Thompson) vol. 3e. pp 347-394.
Academic Press, London and Orlando; Houck, M.A., J.B. Clark, K.R. Peterson and M.G. Kidwell 1991, Science 253:
1125-1128.

Parkash, Ravi. Biosciences Department, M.D. The maintenance of large amounts of genetic
University, Rohtak, India. Biochemical differences variability in natural populations has been argued by
among three acid phosphatase allozymes in Drosophila Selectionists as well as Neutralists.  According to
malerkotliana. Selectionists, biochemical characterization of allozymes

constitutes the basis for probing the adaptive nature of

allozymes. Such data is limited to only a few gene-
enzyme systems in certain taxa. The present studies reveal catalytic functional differences among three common
allozymes in D. malerkotliana (Figure 1).

The data on biochemical properties of three ACPH homozygous allozymic strains (AcphFF, AcphMM, Acphss) with
respect to specific activities, pH dependent activity profiles, Vmax values, Km values (at 15°C, 25°C, 35°C, and 45°C)
and Ki values have been represented in Table 1. The total protein content did not differ significantly in the three
allozymic homogeneities. A linear increase in the enzyme activities of the allozymes was obtained with an increase in

enzyme concentration or incubation time (Table 1). The

Table 1. Biochemical characteristics of allelic acid phosphatases (FF, ACPH spec1fic activity was found to be hlgh est for the SS
MM and S8) in D. malerkotiiana. genotype and lowest for the FF genotype, e.g. the slope values
for reaction rates includes Y = 043X, Y = 063X, and Y =

FF MM ss . . .
So. activt P % 100 0.71X for SS, MM and FF respectively, revealing catalytic
pH optimum 5.0 42 42 activity differences (SS > MM > FF). The data percentages
Inhibi tant . o s A
(':q o, f:g;) 100 140 540 on maximum actmtxes'f(.)r pH values (3.0 to 7.0) are given in
Vmax at: 15°¢ e 1098 1843 Table 2. The activity profile differences among the

35°C 23,09 32.89 3891 homozygous genotypes were found to be consistent at the pH
Kon (mM) at: :’28 42,:33 48:2? ‘“’3;32 range examine.d. The z%ll.ozymic homogeneiti.es MM and SS

b 08 el 950 displayed maximum activity at pH 4.2, while FF revealed

45°C 0.34 032 034 maximum activity at pH 5.0. However, all the allozymes
Effect of Mg2+ or Mn2+ - — promotory

performed optimally in a narrow range of pH values (Table 2).
= Units of activity = 1 - mole of o-naphthol released / min/ mg prolein The ACPH catalyzed reactions d_isplayed only one Michaelis
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Table 2. Data on percent maximum activity on the basis of pH in three acid phosphatase allozymes in D. malkerkotliana

pH (Values) 3.0 35 40 42 44 46 5.0 55 6.0 65 7.0
Percent Max. Activity
24 27 50 58 762 843 100 724 60 374 25
MM 193 367 826 100 R 892 756 675 34 32 27
SSs 186 386 786 100 89 80 733 666 58 27 18

FF, MM, SS refer to homogenates of allozymic strains

Table 3. Data on acid phosphatase activity as a function of substrate concentrations at four different temperatures in three allozymic homogenates ot
D. malerkotiiana

Enzyme activity (v/{yy )

S 0.2 0.4 0.8 1.0 2.0 50 8.0 10.0
/s 5.0 25 1.25 1.0 05 02 0.125 0.10
FF 15°C 23/04 3.7/07 46/02 5§1/0.19 5§7/047 72/0414 8.0/0.12 80/0.12
25°C 2.9/034 46/021 6.3/0.16 8.0/0.12 9.2/0.11 10.9/0.09 12.6/0.08 143/0.07
35°C 9.2/0.11 12.9/0.08 16.0/0.06 17.0/0.06 19.5/0.05 21.7/0.046 235/0.04 235/0.04
45°C 15/0.06 22.0/0.04 28.0/0.03 31.0/0.03 350/0.028 39.0/0.026 40.0/0.025 40.0/0.025
MM 15°C 3.5/028 5.7/0.17 69/0.14 7.7/0.13 86/0.12 95/0.10 11.2/0.09 11.2/0.09
25°C 4.1/024 6.3/0.16 8.0/0.12 10.3/0.10 137/0.07 15.2/0.066 16.0/0.06 18.3/0.05
35°C 11.2/0.09 16.0/0.06 21.0/0.05 235/004 26.4/0.038 28.0/0.035 31.0/0.031 38.0/0.026
45°C 19.5/0.05 27.0/0.036 35.0/0.03 39.0/ 0.026 40.0/0.025 42,0/0.023 46.0/0.021 46.0/0.021
SSs 15°C 52/0.19 6.9/0.14 10.0/0.10 11.2/0.09 12.3/0.08 13.3/0.07 1562/0.06 152/0.06
25°C 57/017 8.6/0.11 11.5/0.08 12.9/0.07 16.0/0.06 17.5/0.057 19.0/0.055 20.0/0.056
35°C 14.3/0.07 21.8/0.046 24.0/0.041 27.0/0037 34.0/0.029 36.0/0.027 38.0/0.026 43.0/0.023
45°C 24.1/0.04 33.0/0.03 42.0/0.023 46.0/0.021 56.0/0.018 60.0/0.016 62.0/0.016 62.0/0.016
Data on 1/v are given in oblique.
Table 4. Data onthevalues of slope {(1/v Vs 1/8), Vmax, 1/ Vmax
and Km at four different temperatures for three acid phosphatase allozymes 1 2 1l al ETKOt liana
in D. malerkotiiana Cm
Y-
Allozymes 15°C 25°C 35°C 45°C * 7 [
FF (a) Slope 0.06 0.05 0014 0008 6
{b) Vmax 786  13.11 2309  41.32 1
(€0 1/Vmax 013 0.08 0.04 0.02 5
(d) Km 0.49 0.69 0.31 0.34 7 [
MM {a) Slope 0.037  0.038 0.011 0.006 Lyt
(®)  Vmax 10.98 17.18 32.89 49.85 = — — —
(© 1/Vmax 009 0.06 0.03 0.02 3t — e
d) Km 0.41 066 0.36 032 —_— == =
2 —
] (a) Slope 0.027  0.025 0009  0.005
(b) Vmax 15.43 19.81 38.91 63.69 ir
(©) 1/Vmax 0065 005 0026 0016 -tol
(d) Km 042 0.50 0.34 0.34

constant (Km), which indicates affinity of an enzyme for
its substrate. The data on the temperature related Km
profiles of the allozymic homogeneities are given in
Table 3. The data are expressed in terms of regression
lines between I/v and I/s (Vmax and Km values) (Table
4). The Vmax for SS was found to be the highest and
FF the lowest at all temperatures. The differences in the
slope values (I/v vs. 1/s) were found to be greater at the
lower temperatures (15°C and 25°C) than the higher
temperatures (35°C and 45°C) (Table 4). All the
allozymes depicted consistent and significant differences

1 23545 678

Figure 1. Starch gel electrophoresis as well as schematic
representation of acid phosphatase electrophoretic
phenotypes in single individuals of D. malerkotliana.
The single-band variants and triple-band patterns reveal
homozygous and heterozygous genotypes. The
triple-banded patterns in samples 7 and 8 have resulted
due to a rare (cathodal) allele or allozyme. The
genotypes of samples 1 to 8 include FF, MM, SS, FM,
FS, MS, FS’, and MS’.

in Km values at 25°C, while the differences do not seem significant at the other temperatures. Data on the inhibitog
constant (Ki) are given in Table 5. The Ki values for FF and MM did not digfer much, ie. 10x 19'5 M fOf Flf‘; 14x 10°

M for MM), while the SS allozyme revealed significant differences (54 x 10~ M). Since lower Ki valuc§ mdlcz.lte higher
affinity of the enzyme for the inhibitor (sodium fluoride), the inhibitor specificity for the SS allozymic strain, seems

significantly lower (Table 5).

Since the allozymes often differ in their amino acid sequence, they may reveal biochemical or functional differences
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(Fersht, 1977).

. . Table 5. Data on the determination of inhibitor's constant (Ki) by Dixon's method for three allelic acid phosphatases in D. malerkotiiana.
Selectionists argue

that biochemical Enzyme activity {c-naphthol rel d uM / min/ mg protein)
haracterizati p FE MM SS
characterization o Core. 51 5 55 5 ) 5
allozymes demon- (MMNaF) Vv 1V v 17V v 17V v o1V Vo1V v 17V
strates their Control 917 oM 1432 007 1375 007 1834 005 1604  0.06 2063 005
adaptive signif- 0.1 172 058 229 043 401 002 802 0.2 516 019 11.46  0.09
: pt S1g 02 114 087 20 05 286 035 516 0.19 343 029 802 0.2
icance. The present 05 074 135 097 103 172 085 344 029 172 058 401 025
. 10 040 25 057 175 115 087 114 068 142 07 229 044
observations reveal 20 - = 034 294 057 175 - - 086 1.16 172 058
catalytic efficiency Ki value A1=10.0x10"5M Ao =140 x105M A3 =540x105M
divergence among {S1=2.0mM, S2 = 10.0 MM of Na - o-naphthyl phosphate).

common ACPH al-
lozymes in D. maler-
kotliana (SS > MM > FF). Since acid phosphatases are believed to act on heterogeneous substrates, the natural
selection might discriminate between ACPH allozymes and result in the maintenance of genic polymorphism at this
locus in D. malerkotliana. The present observations concur with earlier reports on loci coding for alcohol
dehydrogenases, alpha-glycerophosphate dehydrogenase and alkaline phosphatase allozymes in D. melanogaster
(McDonald et ali?F 1980; Mlller et aI 1980; Harper and Armstrong, 1973 gs The ADH allozymes reveal activity
differences (Adh™™ > Adn®S > Adn ) and thermostability differences (4dh™ > Adh ) (Day et al., 1974). The
alkaline phosphatase allozymes in D. melanogaster reveal higher thermal stability, but least m]nbmon constant, for
common alleles as compared with the rare alleles, at the polymorphic alkaline phosphatase locus (Harper and
Armstrong, 1973). The glycerophosphate allozymes (fast and slow) in D. melanogaster have been shown to differ in their
Km and Ki values (Miller ef al., 1975). Likewise, glucose-6-phosphate dehydrogenase allozymes in man are shown to
differ in Km as well as Ki values (Yoshida, 1973). It may be emphasized that the observed biochemical differences
between allozymes contradict the Neutralist hypothesis, which maintains that allozymes are physiologically relevant, and
are in agreement with the Selectionist hypothesis (Wills, 1981).

References: McDonald, J.F., SM. Anderson and M. Santos 1980, Genetics 95:1013; Miller, S., R.W. Pearcy and
E. Berger 1975, Biochem. Genet. 13:175; Narise, S. 1980, Biochem. Biophys. Acta 615:289; Fersht, A.R. 1977, Enzyme
Structure and Function, San Francisco: W.H. Freeman and Co.; Harper, RA. and F.B. Armstrong 1973, Biochem.
Genet. 10:29; Yoshida, A. 1973, Science 179:532; Day, T.H., P.C. Hillier and B. Clarke 1974a, Biochem. Genet. 11:141;
Day, T.H., P.C. Hillier and B. Clarke 1974b, Biochem. Genet. 11:155; Wills, C. 1981, Genetic Variability, Oxford:
Clarendon Press.

Parkash, Ravi. Biosciences Department, M.D. Gel electrophoresis constitutes the most
University, Rohtak, India. Biochemical analysis of acid appropriate technique to investigate genetic variability in
phosphatase allozymes in Drosophila takahashii. natural populations.  Proteins being primary gene

products, the electrophoretic variants (mobility

differences) between proteins are interpretable in terms
of genetic variation. This paper reports acid phosphatase allozyme variation m D takahashii. The homozygous and
heterozygous strains for the two most common Acph alleles (Acph1 and Acph™) in this species were examined with
respect to specific activity and thermal inactivation profiles.

Drosophila takahashii Sturtevant is a subspecies of the melanogaster species (Subgenus Sophophora; Genus
Drosophila) and its distribution range includes India, Japan and Southeast Asia. The flies were individually
homogenized in 0.01 ml of gel buffer and the homogeneities were loaded in a 12% starch gel and were run
clectrophoretically for 4 hours at 250 V and 25 mA, The gss were sllced and stained for ACPH activity. Two
homozygous stocks and thelr heterozygous stock (AcphFF Acph™ and Acph ) were established for the electrophoretic
variants Acph % and Acph and mass cultured. Homogeneities (100 mg/8 ml) for the three stocks were prepared and
subjected to a refrigerated centrifuge, and the supernatants were used for the enzyme assays. Three different enzyme
preparations were made for each of the three stocks of D. takahashii. ACPH activity was estimated in triplicate at 25°C.
The protein content for each enzyme preparation was then determined. The enzyme preparations were compared on
the basis of specific activity, pH profile, effect of reaction temperature, thermal inactivation and effect of GUHCI, a
protein denaturing agent.

A total or 15 ACPH electrophoretic phenotypes were observed in four population samples of D. takahashii. The
ACPH patterns are identical for both sexes and the homogeneities of single individuals depict either a single-band
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variant or a triple-band pattern with particular mobility values. The segregating patterns of Acph bands were in accord
with monogenic inheritance. Single-band variants were allelic isozymes (allozymes) and represented homozygous
genotypes and triple-band patterns represented heterozygous genotypes. The occurrence of a hybrid band of
intermediate mobility in heterozygotes implied that ACPH in D. takahashii is a dimeric enzyme. The observed ACPH
phenotypes were governed by 5 autosomal codominant alleles (Acph85, Acphgo, Acphgs, Acph'® and Acph'®) in order
of increasing electrophoretic mobility.
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Figure 1. Biochemical differences
among Acph allozymic %gnotypes
(Acph © _ FF, Acph™ = SS;
Acphloo/ * =FS); specific activity
profiles (A); pH dependent (B);
temperature dependent activity
profiles (C); thermal inactivation
patterns (D); semilog of temporal
thermal inactivation (E); and
effect of GUHCI (F) in enzyme
preparations of homozygous (FF
& SS) and heterozygous (FS)
stocks.
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The biochemical properties of two homozygous AcphSS and AcphFF and their heterozygous Acpth strains have
been analyzed with respect to specific activity, pH dependent as well as temperature dependent activity profiles, thermal
inactivation as well as response to GUHCI, and the data has been presented in Figure 1. The total protein content 8380
=+ 8 ug per assay condition) did not differ significantly in the enzyme preparations of the three genotypes (Acphloo/ 100 _
FF; Acphgs/ % = ss; Acphmo/ % =FS). ACPH activity (A: u mol. p-nitrophenol released /30 min) and specific activity
(SA) were found to be highest for the SS genotype (A = 61.87; SA = 3.55) and lowest for the FF genotype (A = 36.30;
SA = 2.05), while the FS genotype revealed intermediate values (A = 47.85; SA = 2.75; Figure 1A). No differences
have been observed among the three genotypes with regard to pH optimum (5.0). However, the activity profile
differences (SS FS FF) between the three genotypes were found to be consistent at the pH range examined (Figure 1B).
The effect of reaction temperatures in the range or 5°C to 45°C revealed a proportionate increase in enzyme activity for
all three genotypes, while temperatures at 55°C and above the enzyme preparation of the FF genotype was found to be
stable compared to that of the SS genotype. However, the FS enzyme preparation showed an intermediate response
(Figure 1C). All three enzyme preparations depicted 45°C as the optimum temperature. The enzyme preparations of
the three genotypes were incubated at 35°C, 45°C, 55°C, and 65°C for 15 minutes each, and a comparison of residual
activity determined at 25°C is represented in Figure 1D. The SS genotype has been found to be more heat sensitive than
the FF genotype, while the FS genotype is intermediate in response. The semilog plot illustrating the thermal
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inactivation of the ACPH activity of the enzyme preparations of 3 genotypes have been represented in Figure 1E. The
SS enzyme extract lost almost all activity up to 20 minutes at 60°C while the FF enzyme preparation revealed 25%
residual activity after 10 minutes at 60°C. The SS enzyme preparation was found to be more stable towards the effect of
a protein denaturing agent (0.25 to 1.5 M GUHCI) as compared to the enzyme preparation of the FF genotype (Figure
1F). However, the enzyme preparation of the FS genotype revealed a non-mtermedlate response. Thus, the
homozygous and heterozygous strains for the two most common Acph alleles (Acph and Acph ) have been found to
differ in specific activity and thermal mactlvatlon patterns The homozygous Acph95 strain revealed higher specific
activity but lower thermostability, while Acph showed lower specific activity but higher thermostability. The
maintenance of two common alleles at higher frequencies in natural populations can be argued on the basis of the
potential biochemical differences which could be subject to selection.

Parkash, Ravi. Biosciences Department, M.D. The present investigation was undertaken to
University, Rohtak, India. Adh and alpha-Gpdh genic examine the extent of electrophoretic and cryptic genic
variation in some Drosophila species. variation at loci coding for alcohol dehydrogenase

(ADH) and alpha-glycerophosphate dehydrogenase
(alpha-GPDH) in eleven natural populations of
drosophilids.
Population samples of eleven drosophilids (Drosophila melanogaster, D. takahashii, D. nepalensis, D. malerkotliana,
D. bipectinata, D. ananassae, D. jambulina, D. punjabiensis, D. immigrans, D. busckii and Zaprionus indianus) were
bait-trapped from gardens and horticultural farms at Delhi, Rohtak, Pinjore, Jammu, Roorkee, Hasimara and Bagdogra
(West Bengal) and Dhulabari (Nepal). Homogeneities of single individuals were applied to 12% starch gel slabs and
were run electrophoretically at 250 V and 30 mA at 4°C for 4 hours and the gel slices were stained for alcohol
dehydrogenase (4DH) and alpha-glycerophosphate dehydrogenase (alpha-GPDH) isozyme patterns (Brewer, 1970;
Harris and Hopkinson, 1976). The application of a heat denaturation technique (Trippa et al., 1978) involved heating
the ADH and alpha-GPDH enzymes in situ in the starch gel slices at 50°C for 15 + 1 min after electrophoretic
separation. The genetic basis of ADH and alpha-GPDH electromorphs was interpreted from the segregation patterns of
enzyme phenotypes as well as F, and F, progeny of several species-specific genetic crosses.

76 Figure 1. Schematic representation of species
specific electrophoretic variants (allozymes) of
alcohol dehydrogenase (ADH) and
alpha-glycerophosphate dehydrogenase
(alpha-GPDH). The bars represent electro-
phoretic mobilities and allelic frequencies of allelic

: variants. "Q" represents the origin and the arrow
.07 indicates the direction of current flow. Species
75|97 {92 | 10| Y0 [1-0 | O 10 L_1—0 include: 1. Drosophila melanogaster; 2. D.
95k. 08 1-0 %3 takahashii; 3. D. nepalensis; 4. D. malerkotliana;
5. D. bipectinata; 6. D. ananassae; 1. D.
e jambulina; 8. D. punjabiensis; 9. D. immigrans;
-0 | , 10. D. busckii; and 11. Zaprionus indianus.
2 3 4 5 & 131 8

Drosophila species (D. malerkotliana, D. bipectinata, D. ananassae and D. punjabiensis) have displayed
monomorphic and similar alpha-GPDH isozyme patterns, while enzyme phenotypes of D. immigrans and D. busckii are
species specific (Figure 1). Polymorphic alpha-GPDH patterns have been observed in D. melanogaster, D. takahashii, D.
nepalensis and Zaprionus indianus. Except for D. jambulina, D. punjabiensis and D. immigrans, all other drosophilids
have depicted ADH polymorphism (Figure 2). Species specific genetic crosses involving segregating two-banded enzyme
patterns resulted in four-banded phenotypes in F, and a 1:2:1 ratio of alternating two-banded and four-banded
phenotypes in the F, progeny. These results were in agreement with monogenic control of segregating alpha-GPDH
zone as well as the A.DH zone. The present observations on ADH and alpha-GPDH concurred with earlier reports on
D. melanogaster that in NAD-requiring dehydrogenases, more than one electromorph (conformational isozymes) may
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arise due to post-translational differential binding of co-enzyme NAD. Thus, the two-banded and four-banded enzyme
phenotypes represented homozygous and heterozygous genotypes, respectively. The ADH and alpha-GPDH enzyme
phenotypes did not vary with the sex and are thus governed by autosomal loci.

Figure 2. Alcohol dehydrogenase ol ow|le wao soolea el on A A

electrophoretic phenotypes in ::w Il I mm (W (mm me

homogenates of single individuals —— . ]t ki EL R P

of drosophilids: a. Drosophila L w. W =

melanogaster; b. D. takahashii; c ok o AT o =8 -T1-|-—F——1 R B
[ [ - .. sow mm |mem |

D. nepalensis; d. D. S R L] et LN : -

malerkotliana; e. D. bipectinata; = e o- .

f. D. ananassae; g. D. jambulina; a bl ¢ d e f19|h i J k [ m

h. D. punjabiensis; i. D. immi-
grans ; j. D. busckii; k. Zaprionus indianus; 1. Z. sepscides, and m. Z. tuberculatus (g through i are monomorphic and
1 through m are laboratory strains). Differential binding of coenzyme (NAD) caused two-banded patterns in
homozygotes.

Table 1. Data on observed ADH and o-GPDH genotypes, allelic frequencies, heterozygosities, Wright's inbreeding coefficients (F) and application of
log likelihood G-test at ADH and a-GPDH loci in different drosophilids.

Sample ADH genotypes Allelic frequencies Heterozygosity F- G-
Species size (N) 11 22 33 44 12 23 34 1 2 3 4 Obs. / Exp. value Value
D. melanogaster 108 8 60 — — 40 - - 026 074 — — 0.37/0.38 0.026 0.138
D. takahashii 114 — 84 6 - - 2 — — 084 016 — 028/0.27 -0037 285
D. nepalensis 176 — 116 12 — — 48 — — 080 020 — 027/032 0.156  4.30
D. malerkotliana 114 — — 8 70 — — 36 — — 023 077 0.31/0.36 0.138 1.10
D. bipectinata 106 — — 12 54 — — 40 — — 030 070 0.38/0.42 0095 1.19
D. ananassae 124 — — 16 860 — — 48 — — 032 068 0.38/0.44 0.136 161
D. busckii 100 4 92 — — 4 - - 006 094 — — 0.04/0.11 0.636 18.40"
Z. indianus 205 6 113 — — 86 - - 024 076 — — 0.41/0.38 -0.079 391
o-GPDH genotypes Allelic frequencies
104 108 104/108 104 108
D. melanogaster 130 10 75 45 025 0.75 0.34/0.37 0.081 083
D. takahashii 164 5 141 18 0.09 0.91 0.11/0.16 0312 946"
D. nepalensis 120 3 103 14 0.08 092 0.11/0.15 0266 -0.09
Z. indianus 174 153 3 18 0.93 0.07 0.10/0.13 0230 248

* Significant at 5% level

The data on the distribution of ADH and alpha-GPDH genotypes, allelic frequencies, observed and expected
heterozygosity, Wright’s inbreeding coefficient (F) and log-likelihood X2 test for fit to Hardy-Weinberg expectations in
species polymorphic for these two gene-enzyme systems are given in Table 1. The range of heterozygosities observed at
ADH and alpha-GPDH loci correlates with the allelic frequency distribution patterns (Table 1). The lower F-values in
most of the species analyzed (except the ADH locus in D. busckii) indicate that populations are randomly mating. Data
in Table 1 revealed that there are deviations from Hardy-Weinberg equilibrium as well as occurrences of excess
homozygotes at the ADH locus in D. busckii and the alpha-GPDH locus in D. takahashii. Except D. melanogaster, the
alpha-GPDH locus was represented by a most common allele (0.90) and one rare allele. However, both the ADH alleles
occur with high frequencies in most of the species under study, except D. busckii (Table 1). The D. melanogaster
population was characterized by occurrence of two common alleles, high heterozygosities and lack of deviations from
Hardy-Weinberg expectations at the ADH and alpha-GPDH loci.

The application of the heat denaturation technique did not reveal occurrence of cryptic isoelectrophoretic
thermoresistant and thermosensitive variants in population samples of the drosophilids monomorphic or polymorphic at
ADH and alpha-GPDH loci. The observed low level of genic polymorphism at the alpha-GPDH locus concurred with
the functional constraint hypothesis, which suggests that loci coding for enzymes, such as ADH, acting on nonspecific
substrates were more polymorphic as compared with those involved in essential energy producing metabolic pathways,
such as alpha-GPDH.

References: Brewer, GJ. 1970, An Introduction to Isozyme Techniques, New York: Academic Press; Ferguson, A.
1980, Biochemical Systematics and Evolution, New York: Wiley; Harris, H. and D.A. Hopkinson 1976, Handbook of
Enzyme Electrophoresis in Human Genetics, Amsterdam: North Holland; Niesel, D.W., Y.C.E. Pand, G.C. Bewley, F.B.
Armstrong and S.S.L. Li 1982, J. Biol. Chem., 257:979-983; Trippa, G., A. Catamo, A. Lombardozzi and R. Cicchetti
1978, Biochem. Genet. 16:299-305.
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Parkash, R. and J.P. Yadav. M.D. University, Rohtak, Colonizing populations of Drosophila species
India.  Analysis of ethanol tolerance in Indian constitute excellent material for experimental population
populations of D. immigrans. genetics as well as evolutionary studies (Parsons, 1983a).

The Indian subcontinent represents a diverse array of

climatically variable habitats and there is little informa-
tion on the electrophoretic and ethanol tolerance analysis in various drosophilids. The present studies were undertaken
so as to analyze the nature and extent of genetic variability at the Adh locus in some Indian natural populations of D.
immigrans. D. immigrans occurs abundantly in northern parts of India during winter months. Isofemale lines were
established from population samples of D. immigrans from five sites (Darjeeling to Chandigarh). Homogenates of
single individuals were subjected to electrophoresis at 250 V and 30 mA at 4°C for 4 hours and the slices of each gel
were stained for ADH gene-enzyme system (Harris and Hopkinson, 1976).

Figure 1. Mean number of larvae preferring different T 8
ethanol concentrations up to ten percent in different
populations of D. immigrans (A). Adult survivorship S 61
expressed as LD, hours at ethanol concentrations up to b
six percent. The populations include: open squares, i,“
Chandigarh; open triangles, Dehradun; closed circles, — 47
Saharanpur; closed triangles, Rohtak; open circles, O_
Darjeeling. o
pd 2-1

The adult ethanol tolerance was assessed following I
standard procedures (Starmer et al., 1977; David and 0
Van Herrewege, 1983). Adult survivorship was 1401
expressed as the number of adults alive after various 0
time intervals. The ethanol resource utilization values
were represented as LTy, maximum/LT, control, i.e. if 120
this ratio was more than 1, the ethanol vapors were W

utilized as a resource, and if this value was less than 1, it
represented stress. The ethanol threshold concentration T
was obtained at LT, maximum/LT, control = 1. The
larval ethanol tolerance behavior of the geographical &
populations of D. immigrans was analyzed by following 5 gq .
the standard method (Gelfaud and McDonald, 1983). 2

The Adh locus was found to be monomorphic in all ~—
the populations of D. immigrans. Ethanol tolerance 3
levels were analyzed for the larvae as well as adults of D. (O
immigrans (Table 1, Figure 1). The data on the mean —
numbers of D. immigrans larvae choosing agar plus 40
various concentrations of ethanol for experimental
durations of 30 minutes are given in Figure 1A. The
response of larvae did not differ much for different time 20
durations such as 15 min, 30 min and 40 min. However,
the larval ethanol tolerance response revealed significant

variation between the different populations of D. 0 ) ) T
immigrans. The ranking of D. immigrans populations on 2 4 6
the basis of larval ethanol tolerance is: sugarmill —Ethanol Conc. (%)>

populations of D. immigrans from Saharanpur > Darjee-
ling > Dehradun > Chandigarh > Rohtak. The sugarmill populations of D. immigrans from Saharanpur revealed the
greatest ethanol response. The larval threshold values were found to follow almost similar ranking order (Table 1).

The adult individuals of five different populations of D. immigrans were analyzed for their potential to utilize
ethanol vapors in a closed system (Figure 1B). The LC,, ethanol concentrations for adult individuals of different
populations were found to vary in the range of 2.8 to 3.5%. The data on LT, hrs and LT, max./LTs control are given
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in Table 1. The longevity periods at various ethanol concentrations were found to increase at 0.5% and 1% ethanol in
sugarmill populations of D. immigrans from Saharanpur. The threshold values were found to vary in the range of 1.6 to
3.0%. Thus, in adult individuals of D. immigrans, ethanol concentrations up to 2% served as resource, while higher
ethanol concentrations served as stress. Both the larval as well as adult stages of D. immigrans revealed lower levels of
ethanol tolerance.

Drosophila species are fruit-niche species and o
Table 1. Data on ethanol tolerance indices ( adult and larval ethanol threshold

they are known to utilize ethanol as a resource in concentrations), LCsg ethanol concentration, increase in longevity (LDsg hours and
nature (Dav1d et aI., 1986) D. zmngrans Populations LTso maximum / LTsg control) in five natural populations of D. immigrans.
showed ethanol sensitivity. Such observations | Ethanolconc 0 [Csp __ Increase in longevity at 2 %
. . . threshold values (in %) ethanol ethanol conc.
concurred with suggested relatlon.shlp§ between Populations cone. TTogmax/
cthanol tolerance and larval habitat in several Adult Larvae  (in%)  LDsphrs  LTgg control
Drosophila species (David and Van Herrewege, 1983; ey~ 32 30 ® 1332
Parsons, 1983b). Indian populations of D. immigrans (ggoh'i‘;‘-’,[}) 20 37 35 100 1.02
did not reveal any geographical differentiation with Saharanpur 3.0 50 3.2 98 1.88
29° . 58

respect to LCS? ethanol and to ethanol threshold levels B o) 16 35 335 58 094
of adults and larval forms. Thus, the occurrence of (26° . 94N)

. Darjeeling 25 44 28 76 165
monomorphism at the Adh locus and the lower levels (27°. 03N)

of ethanol tolerance in D. immigrans suggest that nat-
ural selection might not be operating at the Adh locus.

References: David, J.R. and J. Van Herrewege 1983, Comparative Biochem. Physiol. 74:283; David, J.R., H.
Mercot, P. Capy, S.F. McEvey and J. Van Herrewege 1986, Genet. Sel. Evol. 18:405; Gelfaud, J.L. and J.F. McDonald
1983, Behaviour Genetics 13:281; Harris, H. and D.A. Hopkinson 1976, Handbook of Enzyme Electrophoresis in
Human Genetics, Amsterdam; North Holland; Parsons, P.A. 1983a, The Evolutionary Biology of Colonizing Species,
London; Cambridge University Press; Parsons, P.A. 1983b, Annu. Rev. Ecol. Syst. 14:35; Starmer, W.T., W.B. Heed
and E.S. Rockwood-Sluss 1977, Proc. Natl. Acad. Sci. USA 74:387.

Hellstén, M. and E. Hauschteck-Jungen. Zool. Inst. der The gene arrangement of the sex ratio
Univ. Zurich, Switzerland. Fertility of Drosophila chromosome of D. subobscura, the A, . o, -, exhibits
subobscura males with the sex ratio chromosome four inversions, which cover nearly the whole
A, , 3,5, depends on autosomal gene arrangements. chromosome. It is endemic for North America and the

Canary Islands (Jungen, 1968 a,b; Prevosti, 1974), where

males with this gene arrangement are predominantly
fertile as shown by Hauschteck-Jungen et al. (1987) for Tunesian males and by Hellstén (unpublished data) for males
from the Canary Islands.

It was recently found that the Tunesian A, . o, . combined with autosomal standard gene arrangements was
incompatible with male fertility (Hauschteck-Jungen, 1990), while other gene arrangements from the same populations
had no effect on male fertility. The result indicates the presence of coadapted supergenes on the A, . < -, (Prevosti et
al, 1975). The sterility inducing character of the A, . . , could be special for this gene arrangement originating from
Tunesia. If this character would be common to the A, , < - we can assume that the gene arrangement occurred only
once and spread thereafter,

The A, , 5,5, from Tunesia and the Canary Islands were introduced into karyotypes which consisted out of one
set of autosomal5 standard gene arrangements and one set of chromosomes from the Canary Islands or one set of
predominantly Tunesian chromosomes, respectively. In a second experiment the standard gene arrangement of the O
chromosome was replaced by the O, , ,. Males with these two sets of autosomes and the A, ;s - or as a control the
A, were tested for fertility by backcrossing them to the standard strain or the strain with the O, ,.

All backcrossed A, , 5, 5, males had reduced number of offspring compared to control males with the A and
with the same autosomal gene arrangements as the A, _ 5, <, , males (Figure 1). No offspring was produced by 23% and
33% of A, , 5, 5, , males from the Canary Islands and from Tunesia, respectively. The difference in percentage of sterile
males with the A, . . . from Tunesia and the Canary Islands could be a genetical difference between the A
chromosomes from the two localities. But more probable is another explanation, namely the presence of Middle
European E gene arrangements in the Tunesian karyotypes originating from former matings. Standard gene
arrangements disrupt male fertility in A, , . - males (Hauschteck-Jungen, 1990). . S

The number of offspring was between 1 and 31, with the exception of one male which had 64 offspring. The
average number of offspring of control males with the A, was between 100 and 200 offspring per male.
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When A, | . ;5 , males carried instead of one O, the
0,, 4 more males had no offspring (47% instead of 23%

100 Canary Islands

[Canary Islands] and 67% instead of 33% [Tunesia]). Our :2
findings were unexpected because the O, 4 is the O gene 70
arrangement which is found at the Canary Islands with a 60
frequency higher than 98% (Prevosti, 1974), and there it is 50
together with the no fertility barrier. The O 40
we used did ncith:rzt)?'iﬁtg%ﬁtgte from the Canary Islands ?1:)? 30
from Tunesia but presumably from a Middle Eastern i
population. Thus the O, , in this experiment and that from 1(())
the Canary Islands are supposed to be genetically different. ] 0 150 51-100 101-150 151-200 5200
Differences between O, , gene arrangements can occur at E]
the non-inverted segment II (Pinsker and Sperlich, 1981). 2 1001 Tunesia
That the O, , is not a stable unity was shown by Rozas and %
Aguadé (19904). It can for instance recombine with the O 80
as well as with the O, , o, and has a high level o} 70 ]
nucleotide variation. 60

It could be that the decreased fertility is not only 0
induced by the O gene arrangement alone. But also the ;g
standard gene arrangement of the chromosomes I, E and U 2 l:l
could have an effect on progeny production in this 10
experiment. The standard chromosomes which were 0 . . . —
introduced together with the O, , came from another line 0 150 51-100 101-150 151200 >200
than in the upper experiment, and could be genetically total number of offspring
different from the former line.

The incompatibility of tl?e A, 34547 toget!:er with Fig. 1
standard autosomes and also with at least one specific O, , top: Canary Islands
for male fertility is a general feature of this A gene 64 males with the A, 55,7
arrangement, regardless of its origin. Therefore we assume 29 males with the A (control)
1) that the origin of the A, , ., is monophyletic, and 2) bottom: Tunesia
that the A2 +34547 arrived at the Canary Islands from North B 20 males with the A 3.5.7
Africa ev. only once (Larruga .and Pinsker, 1984) from 40 males with the Ag (control)
Morocco (Prevosti, 1974) with a set of autosomes
compatible with male fertility.

Figure 1. Number of offspring from males with different karyotypes. 4/ males in Figure 1 had one set of standard
autosomes. The second set of autosomes is different in males which have their A, , s, - from the Canary Islands or
from Tunesia, respectively. But A, , . ,malesand A males in the same graph derived the second set of autosomes
from a common pool of gene arrangements.

References: Hauschteck-Jungen, E., W. Burkard, H. Jungen and R. Burch-Schwaller 1987, Genetica 74: 27-30;
Hauschteck-Jungen, E. 1990, Genetica 83: 31-44; Jungen, H. 1968a, Arch. Julius Klaus-Stift. Vererbungsforsch. 43:
3-54; Jungen, H. 1968b, Arch. Julius Klaus-Stift. Vererbungsforsch. 43: 52-57; Larruga, J.M. and W. Pinsker 1984, Z.
zool. System. Evolutionsforsch. 22: 103-113; Pinsker, W. and D. Sperlich 1981, Genetica 57: 51-64; Prevosti, A. 1974,
Genetica 45: 111-124; Prevosti, A., J. Ocana and G. Alonso 1975, Theor. Appl. Genetics 45: 231-241; Rozas, J. and M.
Aguadé 1990, Genetics 126: 417-426.

Bevan, Charlotte, John Roote, Steven Russell, and In 1972 Pierre (Dros. Inf. Serv. 48:16) described
Michael Ashburner. Department of Genetics, Downing two EMS-induced autosomal male-specific lethals, kA
Street, Cambridge, England. On the allelism of and kmB. The former mutation mapped to 2-45, and the
killer-of-male and male-specific-lethal mutations. latter to 2-20; both were said to be "early" embryonic
: lethals. For many years we, and others, assumed that

these mutations were lost. This is a pity, because their

map positions suggested that they were mutations at otherwise unknown genes. The three genes on chromosome 2



126 Research Notes DIS 72 (July 1993)

known to have male-specific lethal alleles are msl-1 (2-53.3; 37F7-37F8), msl-2 (2-9.0; 23E1-23F6) and mle (2-56.8;
42A2-42A8). Mutations of all of these genes are late larval lethals. We recently discovered the availability of kmA and
kmB from the Laboratoire de Genetique des Virus at Gif-sur-Yvette. Throu the kindness of Didier Contamine
kmA /CyO and kmB /SM35 stocks were obtamed These were crossed to msi-1 2%, ms1-2 %27 and mie®. kmA /msl-2 27
males died (n = 809) as did kmB/msl-1 16 males (n = 545). All other genotypes surv1ved

It is possible that these data result from a dommant interaction between the pairs of non-complementmg alleles,
rather than of allelism. To check this, msi-1 /kmB females were crossed to msl-1 216 /CyO, msl-2 227 /CyO and
kmB/CyO males. Were msi-1 216 and kmB to be alleles then no adult wild- -type male progeny would be expected from
the first or last of these crosses. None were found (n = 1245 and n = 2323, respectively). Similarly msl-2 /kmA
females were crossed to msi-1 16/6);0 msl-2 227/6)20 or kmA /CyO males. Were msi-2 227 and kmA to be alleles
then the last two crosses would not be expected to yield adult wild-type sons. None were found in total progenies of n =
1345 and n = 559, respectively. The simplest interpretation of these data is that the original map positions reported for
kmA and JanB are in error and that kmA is an allele of msl-2 and kmB is an allele of msl-1. kmB is included within both
Df(2L)TW50 and Df(2L)TW137, giving a g?'togenetlc position of 36E4-37C1 consistent with that of msi-1 (36F7-37B8).
Males heterozygous for kmA and msi-2 or for kmB and msi-1 26 die as larvae and not embryos, suggesting that the
"early" embryonic lethality of the k7nA4 and kmB chromosomes may be due to mutations at other loci.

We thank Didier Contamine and John Lucchesi for stocks.

Joly, D, 12 and D. Lachaise? 1Department of Biology,
MacMaster University, Hamxlton Ontarlo, Canada, L8S
4K1; ?Laboratoire de Biologie et Genétique Evolutives,

Capacity of multiple mating for each sex has been
extensively reported in literature for Drosophilidae
speciecs. Males of some of them are consistently

CNRS, 91198, Gif-sur-Yvette Cedex, France. Multiple
mating frequency differs in two different geographic
strains of D. teissieri.

polygynous with new virgin females; for example, D.
melanogaster males copulate up to 10 times (Duncan,
1930; Stenveld and Bijlsma, 1988), D. latifasciaeformis

males up to 8 times, D. affinis males up to 9 times, and

D. littoralis males up to 11 times in an 8-hour period
(Bressac et al., 1991). If in the first species the size of the progeny sired by the male decreases significantly in successive
matings (Vianen and Bijlsma, 1991) this is not true for the fourth species, D. littoralis (Bressac et al., 1991).

In females, the "mating pattern" (Rosenqvist and Berglund, 1992) shifts from "high recurrence polyandry" like in D.
littoralis or D. latifasciaeformis (up to 3 mates in an 8-hour period) to "low recurrence polyandry” like in D. affinis, the
females of which have only 2 rematings every 7 days (Bressac ef al., 1991). Here is reported a significant difference in
the mating patterns for both males and females of two strains of one single species, D. teissieri of the melanogaster
subgroup. Of interest in this species is the existence of a within-ejaculate sperm polymorphism presumably associated
with "female facultative polygamy" (Joly et al., 1991).

The two strains used in these
experiments originated from the most
distant populations of the geographic

Table 1. Cumulative number of matings and rematings in 24, 48 and 72 hour-periods between individuals from
two different populations of D. teissieri. In each combination the first line represents the cumulative number of
successiul pairs on the total number tested while cumulative percentages are given on the second line (T= Tai;

S Siinda). range of D. teissieri in Africa, that is
_ Mating Remating with § G Remating with T G' Mount Silinda, Zimbabwe (1970), Gif
oxrd o wm  em wom  uw  aw e s S0k 1283 and Tai forest, Tvory
TOXT : .
974 250 400 500 56 111 167 342 Coast (1981), Gif stock 231-2. Tests
s9xsd 20/30 5/14 1314 14114 7115 13/15 15/15 29/29 were performed with a long
9%7 357 929 1000 467 867 1000  100.0 :
T9xsG 81/81 1740 6/40 1340 439 12130 16/39 20779 confinement techmcs (8 hours per
100.0 25 15.0 325 103 308 410 36.7 day) and enriched food medium
sOxTS 7782  8/38 3038 34/38 735 24135 2035 6373
939 214 789 . 895 200 685 829 86.3 (Harshman ef al.,, 1988). The first

mating was obtained with single pairs,
each comprised of one virgin 3-day-
old female and one single male reared on standard cornmeal medium at 21°C. Males were discarded when copulation
terminated. The inseminated females were then given an opportunity to remate after a 24, 48 or 72 hour-delay with two
virgin 3-day-old males. Eight combinations were performed: four consisting in homogamlc versus heterogamic pairs of
Tai and Silinda flies and in each case rematings involved these two types of males.

Results show that the percentages of successful matings are very high (more than 93.9%) in homogamic as well as
in heterogamic pairs (Table 1). However, great differences are expressed in remating tests between the two populations.
Considering homogamic multiple matings, all Silinda females remate while only 16.7% of the Tai females remate. In
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heterogamic pairs, Silinda females mate and remate with Tai males two and a half times as much as Tai females with S
males (82.9 and 32.5%, respectively). Moreover, previously inseminated Tai females accept more readily Silinda than
Tai males (50 and 32.5 versus 16.7 and 41%, respectively), and multiple mating with Tai females occurred twice as often
with two successive Silinda than two successive Tai males (32.5 versus 16.7%, respectively). Consistent with this is the
fact that first and second T males copulate longer than the respective first and second Silinda males (Joly et al., 1991).

These results suggest that Silinda females have greater receptivity for remating than Tai females, and Silinda males
mate more easily with previously inseminated Silinda than Tai females. Paradoxically, the same result is obtained with
Tai males. From all these considerations it can be concluded that, with this method, mating patterns differ strongly
between Tai and Silinda individuals although both are conspecific. Unlike the other species of Drosophilidae cited
above, multiple matings are however more difficult and occur within a more prolonged period. Copulation duration
could partly explain these results, because they are particularly long in D. teissieri lasting generally more than half an
hour in first mating and more than one hour in remating (Joly et al., 1991). Although not definitely conclusive, these
results, particularly those for the Tai population, support the "fermale facultative polygamy" hypothesis.

References: Bressac, C., D. Joly, J. Devaux and D. Lachaise 1991, Experientia 47: 111-114; Duncan, F.N, 1930,
Am. Nat. 64: 545-551; Joly, D., M.-L. Cariou and D. Lachaise 1991, Evolucion Biologica 5: 25-44; Harshman, L.G.,
AA. Hoffmann and T. Prout 1988, Evolution 42: 312-321; Rosenqvist and Bergland 1992, TREE 7: 173-209; Stenveld,
H. and R. Bijlsma 1988, Dros. Inf. Serv. 60: 138; Vianen, A. van and R. Bijlsma 1991, Dros. Inf. Serv. 70: 226-227.

Campos, H.A. and H.F. Hoenigsberg. Instituto de Drosophila pseudoobscura from Oicatd, Colombia,
Genética, Universidad de los Andes, Santaf¢ de Bogotd, going into larval diapause at room temperature
D.C, Colombia. Survival at -5°C and diapause in (18-22°C) for at least 30 days have been reported in
Drosophila pseudoobscura from the Altiplano studies done by Manuel Guillem in 1990, 1991 (mot
Cundiboyacense of Colombia. published).  Since then, we have had some more

spectacular results with eggs, larvae, pupae, and adults

resulting from eggs oviposited at 22°C by Drosophila
pseudoobscura from Potosi. These have survived at -5°C for 120 days and are still going. Potosi is an artificial orchard
at an altitude of 2,740 m in the province of Cundinamarca, Colombia, where daily temperatures fluctuate from 14-18°C
and night temperatures are from 5-10°C during most of the year. In October and in January, temperatures can go
down to -5°C at 4-5:00 am. In January, such low temperatures occur during dry weather conditions; the rainy season
usually ends in December, about four weeks previously. However, fruiting orchards and artificially cultivated flowers are
generally maintained all year around. Our experimental stations in the altiplano consist of banana and yeast placed on
the ground and left there to ferment in order to produce local demes from which adults are sampled for our population
and molecular studies.

For a long time, temperature has been known to be an important environmental factor that inflicts considerable
penalty on Drosophila survival (Loeb and Northrop, 1917; Alpatov and Pearl, 1929; Maynard Smith, 1958). An
increase in temperature results in an increased metabolism and a decreased longevity (Pearl, 1928).

It is a well established fact that, in Drosophila, developmental stages and adult life are well separated. Egg, larva,
and pupa "produce” an adult fly; but these early developmental stages do not characterize the adult. Since several
components of fitness depend on adult physiological changes, it is of obvious importance to determine what happens to
longevity under below freezing conditions. Moreover, it is also important to measure the individual time of death
following larval dormancy which has permitted adults to avoid stressing conditions.

We do not have knowledge of any complete study over a set of temperatures in any Drosophila species. In this
short research note we want to report that Drosophila pseudoobscura adult females from Potosi, that were previously
fertilized by their own males, lived far longer at -5°C than average adults. If one examines the figure showing the
relationship between ambient temperature and average longevity in D. melanogaster in the paper by David (1988), one
finds that above 32°C high temperatures produce very definite deleterious effects. Probably thresholds, in the
physiology of catabolic reactions, that accumulate noxious effects and rapid aging, are responsible for this reaction.

On the other hand, below 10-12°C there are also negative effects on survival. At 0-2°C, survival of D. melanogaster
varies (Johnson and Powell, 1974; Parsons, 1983). At -5°C survival time is about 2 hr; at -10°C it is about 20 min.
From other work (Tucic and Krunic, 1975) we know that death does not occur as a consequence of internal freezing
since hemolymph freezing temperature is about -18°C.

Thus, our results with highly consanguineous F, adults (Fyg 0.800 in Hoenigsberg et al., 1992) of Drosophila
pseudoobscura from Potosi were that the fertilized females survived for approximately four months, and her eggs and
pupae give us an entirely new panorama of an overwintering population structure with a surviving strategy that may
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operate even under (the most) extreme conditions.

By way of perspective, it should be said that studies by Cohet and David (1978) which related developmental
temperature and several egg production characteristics in D. melanogaster (see Figure 3.5 of David, 1988), point out that
egg production is permanently affected by the developmental temperature. Also, such studies revealed that the
developmental temperature greatly affects the number of ovarioles (David and Clavel, 1967).

Almost all investigations have been done either with D. subobscura or with D. melanogaster. Since D.
melanogaster’s tropical origin makes it rather cold-sensitive, it is important that future work be done with temperate
species such as D. pseudoobscura.

References: Alpatov, W.W. and R. Pearl 1929, Amer. Nat. 63:37-67; Cohet, Y. and J.R. David 1978, Oecologia
36:295-306; David, J.R. and M.F. Clavel 1967, Naturaliste Canad. 94:209-219; David, J.R. 1988, In: Drosophila as a
Model Organism for Ageing Studies (Lints, F.A. and M. Hani Soliman, eds.), pp. 3:33-45, Blackie: London; Hoenigsberg,
H.F., D.A. Montafio, and M. Ordoifez 1992, in press; Johnson, F.M. and A. Powell 1974, Proc. Nat. Acad. Sci. US.A.
71:1783-1784; Lode, J. and J.H. Northrop 1917, J. Biol. Chem. 32:103-121; Maynard Smith, J. 1956, J. Genet.
54:497-505; Parsons, P.A. 1983, The Evolutionary Biology of Colonizing Species, Cambridge Univ. Press: Cambridge;
Pearl, R. 1928, The Rate of Living, Univ. London Press: London; Tucic, N. and M. Krunic 1975, Genetika 7:123-132.

Das, A.,, N. Mahapatra, and B.B. Parida. Genetics Studies on the genetic variability of the reaction
Laboratory, Department of Zoology, Utkal University, norms to temperature in Drosophila have been

Bhubaneswar- 751 004, India. Growth temperature and performed for several traits including bristle numbers,
abdominal pigmentation in females of Indian Drosophila wing length, duration of development and viability
melanogaster. (Gupta and Lewontin, 1982; Coyne and Beecham, 1987;

Scheiner and Lyman, 1989). In females of Drosophila

melanogaster the extension of black pigment on the
abdomen is a trait which exhibits a wide range of variations in response to growth temperature and is expected to have a
genetic effect (Zucker, 1958; Robertson and Riviera, 1972; Robertson ef al., 1977). Adaptive significance in variation of
the body color in natural populations of Drosophila has been suggested in several observations (David ef al., 1983, 1985;
Payant, 1986; Capy et al., 1988).

India is a tropical country and experiences a drastic change in temperature at different seasons of a year at
different places. The population and quantitative genetical work on this species has been initiated in India recently
(Das, 1991). In this preliminary survey, we report the results on the effect of different growth temperature on the
pigmentation of the last three abdominal segments of females of D. melanogaster.

Table 1. Average value of pigmentation score in 12 isofemale lines subjected to different growth temperature in three abdominal segments ot D. melanogaster
females.

Growth Temperature / Abdominal Segments

isofemale 15°C 20°C 25°C 27°c 30°C

lines 5th 6th 7th 5th 6th 7th 5th 6th 7th 5th 6th 7th 5th 6th 7th
1 2.0 5.0 1.5 367 9.0 3.0 22 48 1.8 1.2 2.6 12 1.5 23 1.0
2 3.38 3.0 1.7 3.0 10.0 20 3.0 5.38 1.13 22 44 15 2.0 4.0 0.7
3 183 267 1.0 25 7.0 4.0 1.8 48 1.3 21 4.0 1.0 1.6 27 0.6
4 729 72 52 283 9.0 3.17 1.4 3.8 1.4 1.9 3.5 1.3 1.5 2.6 1.0
5 6.5 392 42 333 90 3.0 2.3 33 1.3 186 3.29 1.14 2.1 35 0.4
8 2.0 4.0 1.0 3.0 925 20 22 57 1.0 217 329 1.0 20 34 0.7
7 222 5.22 1.44 29 85 33 21 44 1.8 20 3.0 1.0 1.7 29 0.4
8 38 86 145 367 967 367 22 5.0 1.1 218 35 12 2.0 3.4 0.4
9 25 6.5 1.0 2.6 76 2.8 22 4.0 15 188 375 1.0 1.9 29 0.8
10 4.0 9.0 3.0 27 8.1 29 1.9 4.0 1.5 188 25 1.3 1.6 22 0.9
11 1.0 2.0 0.0 467 100 217 1.8 5.3 1.4 15 4.0 1.0 1.7 27 0.9
12 5.0 10.0 2.0 35 9.0 2.0 20 4.8 1.2 229 357 1.0 188 357 086

A population sample of D. melanogaster was collected locally with banana bait, and the females were isolated in
culture vials with fresh food at 25°C to initiate isofemale lines. Twelve lines are chosen at random, and a group of ten
pairs of each sex were used to produce the next generation. After a few days, each group of every isofemale line was
allowed to oviposit for a few hours at 25°C in successive culture vials (5 in this case). One vial of each isofemale line was
kept in one of the five experimental temperature (15, 20, 25, 28 and 30°C). On emergence, adult females were
transferred to fresh food in the room temperature (25 _+ 1°C) and examined a few days later. As the extension of black
pigment is far more variable on the posterior tergites than on the anterior ones, we have only considered the last three
tergites of the female abdomen which corresponds to abdominal segments 5, 6 and 7. For each segment, 11 classes were
established which range from 0 (no pigment) to 10 (completely pigmented). The estimation of pigmentation was done
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from a lateral view of the female abdomen. About ten females were studied for each isofemale line and for each
temperature treatment.

The average values of pigmentation scored in twelve isofemale lines in segments 5, 6 and 7 are shown in Table 1.
The data of all the five temperature treatments on the abdominal pigmentation in female D. melanogaster are also
shown in the Table. It is evident from the table that the growth temperature is inversely proportional to the occurrence
of pigmentation in D. melanogaster, i.e. when the growth temperature is low, the pigmentation is high. Although this
trend was well evident at 20-30°C, at 15°C, however, the pigmentation was not as high as expected. The highest
pigmentation was recorded on all the three abdominal segments at 20°C except in some isofemale lines for the 5th and
7th segment. However, the 6th segment is found to be more variable than the other two abdominal segments and the
highest pigmentation was recorded to 10 in two incidences, i.e. at 15°C and 20°C in the isofemale line 12 and 11,
respectively.

In insects like Drosophila, the isofemale line technique is generally preferred in order to know phenotypic plasticity
and to analyze a reaction norm (Gupta and Lewontin, 1982; Coyne and Beecham, 1987; Gebhardt and Stearns, 1988). In
the present study concerning the effect of growth temperature on the rate of pigmentation in three abdominal segments
of female D. melanogaster, we detect that a lower temperature increases the area of black pigment in all the three
segments. However, at 15°C of growth temperature the occurrence of pigmentation was not as high as expected from
the general trend. In a similar study conducted by David et al. (1990) in a French population of D. melanogaster, the
general trend was observed. From our results, if we delete the data at 15°C, the general trend is confirmed.

It is known that several insect species exhibit a darkening of their cuticle at low temperature and this reaction is
generally related to thermal balance; darker individuals better absorb energy from light and infrared radiations.
However, this property may be beneficial in the cold, but deleterious at high temperature (David et al., 1985). This
argument is very well supported by the observation of latitudinal clines in natural populations of D. melanogaster for
thoracic trident pigmentation polymorphism (David et al., 1985; Capy et al., 1988). Therefore, it is expected, under this
hypothesis, that the overall pigmentation, either dark or light, is the phenotype related to fitness. As India is a tropical
country and Bhubaneswar, the collection site of D. melanogaster, experience a humid and high temperature climate,
temperature below 20°C is rarely encountered. Due to this fact, it may be assumed that the trait is maintained by
natural selection. This assumption is supported by the fact that the phenotypic plasticity for abdominal pigmentation in
females of D. melanogaster was maximum at intermediate temperatures which were most likely to be encountered
during breeding season in temperate countries (David et al., 1983; Jones et al., 1987).

Acknowledgments: The financial support in the form of a Research Associateship of the CSIR, New Delhi, to the
senjor author is thankfully acknowledged.
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Gundacker, D., B. Phannavong,1 O. Vef, E. Gateff, and
U. Kurzik-Dumke*. Institute of Genetics, Johannes

The cloning of the Drosophila melanogaster tumor
suppressor gene lethal(2)tumorous imaginal discs

Gutenberg-University, Mainz, F.R.G. !ZMNH,
Universitdt Hamburg, UKE, Martinstr. 52, 2000
Hamburg 20. *corresponding author. Genetic and
molecular characterization of breakpoints of five
deficiencies in the genomic region 59F-60A.

(I(2)tid) (Kurzik-Dumke et al., 1992, 1993) required the
isolation and characterization of deficiency stocks for the
chromosome region 59F-60A and the performance of an
extensive genomic walk in this region. Five deletions,
propagated as CyObw, CyO or SMS5 balanced stocks,

were generated in an X-ray and P-element mutagenesis.

In Table 1, designation, genetic background, cytology,
lethal phase, complementation with the /(2)tid gene and the mode of induction of the deficiency stocks are present. In
Figure 1, the five deficiencies are aligned to the schematic drawing of the salivary gland chromosomal region 59F-60A.
Black boxes represent deficiencies which do not complement the /(2)tid gene, while white boxes complement this gene.
The I(2)tid gene could at first be delimited to 70 kb of genomic DNA between the telomeric breakpoint of Df(2R)tid and
the centromeric breakpoint of Df(2R)x32 (Kurzik-Dumke ef al., 1992). With the help of the /(2)tid allelic Df(2R)OV1
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Table 1.
Designation and genetic Cytology lethal 1(2) idallele  mode of
background of the balanced phase yes / no induction
deficiencies
Df (2R) 106/ SM5 59F6-60A7 embryo no x-ray
Df (2R) b23, b If / CyO, bw 59F8-60A3 embryo no X-ray
Df (2R) x 32, b It / CyO, bw 59F4-60A2 embryo yes X-fay
Df (2R) tid, b it / CyO, bw 59F4-5 embryo yes x-ray
Df (2R)OV1, cn pr/ CyO 59F5,6-60A1 embryo yes P-Element
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Figure 1. Genetic map of the S9F-60A genomic region. White
boxes indicate deficiencies which complement, and black boxes
deficiencies which do not complement the /(2)tid gene, identified in
the 20 kb region between the telomeric breakpoint of Df(2R)tid and
the centromeric breakpoint of Df(2R)OV1.

Figure 2 (at the right). Molecular map of the cloned genomic
region.

(Vef, 1991), first available to us recently, the /(2)tid gene region
could be further restricted to approximately 20 kb between the
telomeric breakpoint of Df(2R)tid and the centromeric breakpoint of
Df(2R)OV1 (Figure 2, Kurzik-Dumke ¢f al., submitted). In order to
clone the /(2)tid gene, a genomic walk was started with a 10 kb
BamHI-fragment isolated from cosmid clone P(wvar):L8-1
(Blondeau, 1990) hybridizing to the giant chromosomes at position
60A4 in a genomic library isolated from Df(2R)b23 flies (Gundacker,
1989) (lambda-clones 1-3). After reaching the Df(2R)b23 break-
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points with lambda-clone 3, the genomic walk was continued in the Oregon R library (Bittler, 1988) (lambda-clones
4-15). Figure 2 shows the molecular map of the investigated genomic region, the extent of the isolated overlapping
lambda-clones and the determined centromeric breakpoints of Df(2R)b23, Df(2R)106, Df(2R)OV'1 and Df(2R)x32 and
the telomeric breakpoints of deficiencies Df(2R)b23 and Df(2R)tid. The breakpoints were determined via in situ
hybridization of lambda-clones 1-15 to the giant chromosomes of the balanced heterozygous deficiencies and by genomic
Southern-analysis. The distances in kb between the breakpoints are shown in Figures 1 and 2.

The aim of this report is to present five deficient stocks we have isolated in the 59F-60A genomic region. Since six
breakpoints of these deficiencies are genetically and molecularly determined, the whole cloned genomic region of
approximately 180 kb can be subdivided into different complementing groups. This information should prove useful for
the identification of mutants belonging to the described genomic region.

References: Bittler, E. 1988, Erstellung zweier genomischer EMBL-4 Bibliotheken des Wildtyp-Genoms von
Drosophila melanogaster. Diploma thesis, Johannes Gutenberg-University, Mainz, FR.G.; Blondeau, M. 1990,
Genetische, zytogenetische und molekulargenetische Untersuchungen des rezessiven Tumor- suppressorgens
benign(2)gonial cell neoplasm von Drosophila melanogaster. PhD. thesis, Johannes Gutenberg-University, Mainz, FR.G.;
Gundacker, D. 1989, Erstellung einer genomischen Bibliothek des Deletionsstammes Df(2R)b23 und chromosomaler
"walk" zur Deletionsbruchstelle. Diploma thesis, Johannes Gutenberg-University, Mainz, F.R.G.; Kurzik-Dumke, U., B.
Phannavong, D. Gundacker, and E. Gateff 1992, Differentiation 51: 91-104; Kurzik-Dumke, U., D. Gundacker, M.
Rentrop, and E. Gateff 1993, Cloning of the Drosophila melanogaster tumor suppressor gene lethal(2)tumorous imaginal
discs (I(2)tid), a dnaJ homologue (submitted to Cell).

Sheen, Fang-miin. Department of Genetics and Cell In D. melanogaster, an X chromosome called Uc is
Biology, University of Minnesota, St. Paul, Minnesota genetically unstable, frequently acquiring lethal
55108-1095, USA. Present address: Fred Hutchinson mutations and accumulating conspicuous chromosome
Cancer Research Center, Seattle, Washington, rearrangements (Lim, 1979, 1981; Laverty and Lim,
98104-2092, USA. Mutations caused by the mobilization 1982). The rearrangements and their associated
of gypsy transposons in Drosophila melanogaster. mutations are apparently caused by hobo transposable

elements (Lim, 1988; Sheen, Lim and Simmons, 1993).

Careful analysis of several of these hobo-induced aberra-
tions suggests that they are formed by recombination between hobo elements inserted at different positions in the Uc X
chromosome. However, another transposon seems to be responsible for the mutations that are not associated with
chromosome rearrangements. Unlike the hobo-induced mutations, these mutations are not confined to Uc, but may also
occur on an X chromosome that has been paired with Uc for one generation (Lim ef al., 1983). Mapping and
complementation experiments have indicated that many of these mutations are new lethal alleles of the cut locus, and
molecular analyses of a sample of these cut-lethals have revealed insertions of a gypsy retrotransposon (Jack, 1985). I
have analyzed eight additional lethal mutations that arose on Uc, or on a chromosome that had been associated with Uc,
and have found that in all cases, a gypsy insertion has occurred in the mutant locus. Seven of the mutations were lethal
alleles of cut (cytological position 7B1-2) and one was a lethal allele of the nullo locus, which is situated nearby; none of
these mutations was associated with a cytologically visible chromosome rearrangement.

The lethal mutations were all independently derived from a screen conducted in 1981 (Lim ef al., 1983). In each
case, the lethal had been localized by duplication/deficiency mapping to the interval between polytene bands 6E2;
7C4-6. Complementation tests with alleles of loci in this interval established the identity of the cut-lethals. The nullo
lethal was positioned in the 6F1-2 bands by additional deficiency mapping, but its identity as an allele of nullo was
established only later, when the 6F1-2 region was cloned (Sheen, Lim and Simmons, 1993) and the nullo locus was
functionally defined (Simpson and Wieschaus, 1990; Rose and Wieschaus, 1992). Curiously, this allele is lethal over a
deficiency, but viable in hemizygotes and homozygotes, indicating that it does not completely abolish the function of the
nullo gene.

Molecular probes from the 6F1-2 and 7B1-2 regions were used in Southern blot analyses to determine if any of
these mutations were associated with transposon insertions. Genomic DNA from heterozygous carriers was digested
separately with different restriction enzymes, fractionated in agarose gels, blotted to a nylon membrane and hybridized
with the probes. DNA from two nonlethal parental chromosomes (Uc, H7 and a chromosome marked with m) was
analyzed simultaneously to permit recognition of differences associated with the lethal mutations. The results are
summarized in Figure 1. In each case, a gypsy element was inserted in the mutant gene, suggesting that it was
responsible for the lethal effect.

Gypsy is abundant in the genomes of some D. melanogaster stocks (Peifer and Bender, 1988), and in some of these
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it has been implicated in genetic instabilities (Mevel-Ninio, Mariol and Gans, 1989; Kim, Belyaeva and Aslanian, 1990;
Lyubonmirskaya et al., 1990). In no case, however, is it clear what is responsible for the high level of gypsy activity. A
mutant element with a transpositional advantage might have arisen and subsequently been amplified, or a system for
controlling gypsy activity might have broken down, leading to an elevated frequency of transposition. On either
hypothesis, however, there is no need to invoke "hybrid dysgenesis” (see Gerasimova et al., 1984) as the cause of gypsy
transposition since gypsy elements have accumulated in these stocks in the absence of outcrossing. Of course,
gypsy-induced mutations have been detected in the progeny of hybrids between gypsy-rich and gypsy-poor stocks - in fact,
all the mutations analyzed here had this origin - but this probably reflects an aspect of genetic methodology rather than a
precondition for mobilization itself.

Figure 1. Restriction maps of portions of

[6r1-2] (781-21 polytene bands 6F1-2 and 7B1-2 showing

.10 S5 52 gpsy insertions in X chromosomes with

~—Telomere 57 02N recessive lethal mutations. Each insertion

s-3 s-8 U-3 [73.2173.4]173.6 is named for the chromosome that carries

it (U= Ug H7 and S = m) and the

2, LY Ho4 my orientations of the insertions are indicated

RH_R ER B HR e R JL S RES by arrows. The S-3 mutant chromosome
L24 L28 L32 L36 138 42 170 174 178 was also studied by Simpson and
nullp win- [ i) [c']] cut ~e Wieschaus (1990) and Rose and

mou R N Wieschaus (1992),.who referred to it as

T = 57 = % L-II-27. The coordinate systems are based

on the analyses of Lim (letter L; see

Sheen, Lim and Simmons, 1993) and Jack
(letter J; see Jack, 1985), with distances in kilobases from the origin indicated by the numbers following the letters. The
cleavage sites of the enzymes HindIIl (H), EcoRI (R), BamHI (B) and Sall (S) and the transcripts of the nullo and cut
genes (striped bars) are shown; the cut transcript extends approximately 60 Kb to the right of the map. The sequences
to the left of this transcript comprise two lethal complementation groups, denoted ¢ I and ¢fITT; see Liu, McLeod and
Jack (1991) for details.

Gypsy scems to have a tendency to insert in some loci (Jack, 1985; Mevel-Ninio, Mariol and Gans, 1989). In the
present study, the frequent recovery of gypsy insertion mutations in cut, compared to other loci in the 6E; 7C region,
suggests that cut was a preferred target. Five of the gypsy insertions in cut mapped to a one kilobase region around
coordinate J73 and two mapped in a one kilobase region around coordinate J40. Jack (1985) also observed a clustering
of gypsy insertions around these coordinates.

What might explain the relatively high frequency of gypsy insertions in the cut locus, and what might explain the
clustering of these insertions in relatively small regions within this locus? One possibility is that certain regions of the
cut DNA contain many copies of the preferred target sequences for gypsy insertion, TAYAYA, where Y is either
pyrimidine (Freund and Meselson, 1984; Marlor, Parkhurst and Corces, 1986). However, this would not explain the
almost complete absence of gypsy insertion mutations in the other genes of the 6E; 7C region, which would be expected
to contain at least some copies of this target sequence. This suggests that some other factor, such as chromatin
accessibility during gypsy transposition, is responsible for the preferential and clustered pattern of insertion.
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Dunker, B.P., J.A. Hermans, P.L. Davies and V.K.
Walker. Queen’s University, Kingston, Ontario,
Canada. Biological containment of transgenic fruit flies.

Certain transgenes have the potential to confer a
selective advantage to host flies while others might prove
deleterious if introduced into mnatural Drosophila
populations. Such concerns have prompted calls for
effective biological containment of transformants (Wal-

ker, 1989; Ashburner, 1990).

Our laboratory is using Drosophila as a model organism for the expression of fish antifreeze proteins (AFP)
(Rancourt et al.,, 1987, 1990). Because flies that synthesize AFP are potentially more freeze-resistant than those in the
wild, we feel it is essential to keep them confined to the laboratory. To this end strains with the flight muscle mutation
Ifm(3)3 (Tansey et al., 1987) that are suitable as hosts for P element-mediated transformation have been developed.
Flies homozygous for this mutation are unable to fly due to a deficiency of indirect flight muscle tropomyosin.
Heterozygotes, unlike homozygotes, are able to jump short distances, but are also incapable of sustained flight.

The first flightless host strain generated, b cn; ry Ifm(3)3 (Rancourt et al, 1991) has been used to establish a
variety of transgenic lines. The combination of homozygous cn and ry~ mutations results in orange colored eyes
(Lindsley and Zimm, 1992). Carnegie 20 (Rubm and Spradling, 1983), the P element vector used with this line, includes
the wild-type xanthine dehydrogenase gene (ry ) which restores the natural eye color.

Many researchers prefer to use white (W) as a marker gene. The product of this gene is required for eye
pigmentation, thus mutants have colorless eyes (Lindsley and Zimm, 1992). P element vectors the incorporate a
wild-type white gene include the pCaSpeR (Pirotta, 1988) and pW (Klemenz et al., 1987) series. These plasmids have
several advantages over their 7y system counterparts, including a smaller size which facilitates genetic manipulation, and
a polylinker region with a greater number of restriction enzyme sites. Also, the intensity of the eye color change can, in
some cases, be used to distinguish between homozygous and heterozygous individuals.

We have introduced Ifrm(3)3 into a strain of flies carrymg white (w ) and yellow body color (y) mutations through a
series of genetic crosses. The resulting line of flies Y, wo; ; Ifm(3)3 is incapable of flight, but appears as vigorous asy, w
flies in all other respects. A fish AFP gene expressmn cassette has been cloned into pW8 and correspondmg transgenics
have been generated through microinjection of y, wS Ifm(3)3 embryos (unpublished results). It is our hope that other
laboratories conducting transgenic studies will find thxs fly useful. We intend to donate this stock to the Mid-America
Drosophila Stock Center, Department of Biological Sciences, Bowling Green State University, Bowling Green, Ohio.

Acknowledgments: We would like to thank John Bell (University of Alberta), Ross MacIntyrc (Cornell University)
and Robert Storti (University of Chicago) for contributing the stocks y, wh, T(23) ap /CyO TM2 and Ifm(3)3,
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Thorig, George E.W. University of Utrecht, Earlier (Thorig, 1992), I reported sterility

Department of Plant Ecology and Evolutionary Biology,
Section of Evolutionary Genetics, Padualaan 8, 3584 CH
Utrecht, The Netherlands. The female rescue capacity
of Drosophila simulans stocks using hybridisations with
Drosophila melanogaster stocks.

revealed two issues:

breakdowns during hybridisations between D.
melanogaster and D. simulans. We also reported that
the simulans stocks used in our hybridisation
experiments carry a trait. It rescues hybrid females in
the cross of D. simulans females x D. melanogaster
males, this contrasts with the Lhr stock of Watanabe
(1979). In Table 1, one is shown an experiment that

1. The temperature effect on female hybrid rescue depending on the background of the stock. The stock 522 has
the best expression at 18°C. All stocks rescue hybrid females at 18°, 25°, and > 25° (> 25° not shown). The
morphology (Coyne, 1983) of the posterior process of the genital tergite of the D. simulans males is represented by
Figure 1a and that of the males from the D. melanogaster stocks by Figure 1b,
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2. The reverse crosses reveal normal frequencies of hybrid males.
References: Thérig, G.E-W. 1992, DIS 71: 198; Watanabe, T.K. 1979, Genetics 54: 325-331; Coyne, J.A. 1983,
Evolution 376: 1101-1118; Sturtevant, A .H. 1921, Genetics 5: 488-500.

Table 1. Cross-resulte 1990 - 1991

Type Parent Oftspring Oftspring
Q9 g [ofe] Q9
Breeding at 18°
22 OxmalC 415 621 209 277
5228 Qx m_d 8s5 115 42 72"
s&C Qx mel fo 301 277 105 389*
8 QOxmel d 133 202 220 203
Total 934 1216 576 891*
Breeding at 25°
22 9xmeld 1250 670 787 726
5223 Qx mel fo 22 27 2 0
5220 Px mel a4 830 481 254 213
8 OxmaS 45 67 46 38
Total 2147 1245 1089* 977
Breeding at 18°
m 9 xgsaa 3 282 395 6 2775 a b
B 9x52CF 349 323 9 2969
Breeding at 25°
mB Px 22 d 247 222 1 448
mB Qx 5220 fo 994 819 16 7745

Figure 1. Morphology of the posterior process of the

mel = mB or mu[A- mb = st* melanogaster; m]MA = st* melanogaster; s8 = st simulans;

522 = st simulans; 5228 = st simulans; 522° = st simulans. Hybrids see Coyne (1983) male genital tergite: a, D. SimulanS; b’ D.
and Sturtevant(1921). * = significant x2 » 3.86 melanogaster.
Bruins B.G., W. Scharloo and G.E.W. Thorig. Previously we have shown that light retards
University of Utrecht, Section of Evolutionary Genetics, developmental time and reduces survival (Bruins et al,,
Padualaan 8, 3518 CH Utrecht, The Netherlands. Effect 1991a, 1991b). The effect of light is diet dependent.
of illumination level on the appearance of aberrant Yeast food media supplemented with pyridoxine and
phenotypes. riboflavin protect against light. In addition, vitamin C

acts in a similar way (Bruins, 1991b). Here we report
that light of a relatively low intensity induces the
appearance of several mutant phenotypes in a wild type strain.

For many generations we have reared a part of our wild type control strain under low and high light intensities,
respectively. While testing the survival from egg to adulthood of these two selection lines under different light
intensities, we found several phenotypes, which resemble some well known mutants. Under low light intensities flies of
both selection lines mostly showed the wild type phenotype, except for Curly-like and Wrinkle-like phenotypes, which
appeared in a low frequency (Table 1). Under high illumination there appeared several phenotypes, which resemble the
mutants singed wing and Noich (Table 1). When these selection lines were tested on media with 20 g yeast/l, we got
similar results. However, under these conditions we found less aberrant phenotypes than on the 16G medium, and a few
(Bruins et al., 1991b) flies with a brown eye colour.

Table 1. Effect of illumination level on the appearance of Table 2. Effect of illumination level on the appearance
mutant phenotypes (expressed as % of number of examined of Notch-like phenotypes in a wildtype strain on 16G
flies) on 16G media (16 g yeasti). lllumination was continuous food media. n = number of examined flies. Number of
(24h). The light sources were Philips 58W/33 fluorescent tubes. examined vials in parenthesis.
n = number of examined flies. Six vials were tested at each
condition. Notch-like
llumination phenotypes (%) n
Selection line: L-line H-line
illumination: low___high low __high 50 2oy o5 2 Eg;
phenotype: 135 - 240 Ix 0.9 231 (3
Curly-like 1.3 36 31 56 150 - 245 Ix 214 131 23;
Wrinide-like 0.3 0.8 1.0 5.1 175 - 300 ix 217 69 (2)
dumpy-like 0.3 1.2 0 0
singed wing-like 0 0.4 0 1.1
Notch-like 0 20.1 0 14.0
n 399 249 393 173




DIS 72 (July 1993)

Research Notes 135

Besides, we have tested the survival from egg to adulthood of the wild type control strain under a range of different
light intensities and we have counted the number Notch-like phenotypes. Table 2 shows that under relatively low light
intensities (150-300 Ix) a rather high percentage Notch-like phenotypes do appear.

A 16G food medium supplemented with vitamin C (2 g/I) reduces the appearance of Notch-like phenotypes.
However, under higher light intensities (500 1x), we noticed that some 8% of the flies do have notched wings (not shown
in Table 2). In addition we also found the dark trident phenotype (on both media).

On media supplemented with vitamin C, we found some (3.1%) vermilion eye coloured flies (at 150 Ix) and some
(2.8%) flies with Ski-like wings (at 400 Ix). We have not observed these phenotypes on the unsupplemented 16G
medium. The Curly- and Wrinkle-like phenotypes also appeared on food medium with vitamin C.

References: Bruins, B.G., W. Scharloo and G.E.W. Thdrig 1991a, Insect Biochemistry 21: 535-539; Bruins, B.G.,
W. Scharloo and G.E.W. Thérig 1991b, Insect Biochemistry 21: 541-544.

Thorig, George E.W, University of Utrecht,
Department of Plant Ecology and Evolutionary Biology,
Section of Evolutionary Genetics, Padualaan 8, 3584 CH
Utrecht, The Netherlands. The frequency of rescuing
both lethal and sterile hybrids from crosses between

In September 1980 we caught two D. simulans
females at the fruit auction of Utrecht. They produced
an offspring with 100% hybrid males at the breeding
condition 25°C. This conclusion was based on their
morphology and electropherograms of the enzyme

Drosophila simulans and Drosophila melanogaster. alcohol dehydrogenase. One female generated, after
continued breeding at 18°C, a partial transformed
offspring: next to hybrid males the offspring consisted of
fertile D. melanogaster males and females and also suppressing the expression of the D. simulans Adh gene.

Conclusion:

1.  Offspring has been transformed at 18°C into the paternal phenotype "melanogaster”.

2. If females from wild type populations can produce such an offspring after hybridization, the trait is likely wide
spread over the species. The impact of carrying it may be far reaching in terms of adaptation.

3. The result suggests that environmental circumstances such as temperature modify the suppression of this
phenomenon by rescuing embryos with the females sex, which normally died, and moreover by maintaining fertility on
the imago stage on which they normally are sterile, plus replacement of the hybrid morphology by that of the male
parent. The ultimate result is a fertile offspring of both sexes, phenocopying the male parent species morphology.

Definitions of D. melanogaster and D. simulans morphology were based on descriptions of others and myself (see
under "The female rescue capacity of D. simulans stocks during hybridizations with D. melanogaster stocks" in this issue
of DIS).

To test this conclusion we cross with laboratory stocks under different circumstances and at different seasons to
investigate the suppression of normally lethal and sterile hybrids:

In the offspring of the cross D. melanogaster females X D. simulans males, the male sex dies as a larva and the
female sex develops into sterile imagoes with the morphology of hybrids.

In that of the reverse cross the female sex dies as an embryo, while the male sex develops into sterile imagoes with
the morphology of hybrids.

During the period 1981-1992 the phenomenon of transformation frequently took place in hybrid crosses. In
1990-1991 large scale crosses were performed and in several batches transformed offspring were found. They are shown
in the Tables 1,2,3 and 4.

Table 1: One cross gave an offspring with 6% transformed males and females. They all phenocopied the species
morphology of the parental male "simulans” and were fertile.

Table 2: Two crosses had a transformed offspring. The offspring from one cross contained one transformed male,
again phenocopying the species morphology of the parental male "melanogaster”, the male produced no offspring with
his sisters. A second cross produced 14 males and 14 females all phenocopying the species morphology of the parental
males "melanogaster”. Only four males and four females were fertile.

Table 3: One cross produced an offspring at 18°C which produced two eggs after isolation. Another cross
produced at 25°C an offspring with one male, phenocopying the species morphology of the parental males "simulans”
except for the scarlet eye colour. The male produced no offspring with D. simulans virgins.

Table 4: One cross produced both at 18°C and 25°C males and females phenocopying the species morphology of
the parental males "melanogaster” next to hybrid phenotypes. Also females with the hybrid phenotype were fertile,
however males with the hybrid phenotype were sterile and males with the phenotype st* melanogaster were
predominantly fertile.



Table 1. A batch with one transformation phenomenon
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g22¢ dg'  Fy inspection

mB oo X 25° QO 18° QQ
23 11 +(24/12) 133 246
24 15 +(24/12) ag 178
5 6 +(24/12) 18 141
4 5 -(24/12) 0 0

37 21 +(24/12) 27 20210
19 15 +(24/12) 10 95
30 20 +24/12) 18 203
19 15 +(24/12) 7 127
20 20 +{24)12) 115 130
34 12 +(24/12) 145 242
23 15 +24/12) 21 148
45 20 +{24/12) 47 163

Frdoio

/3 Q0"
a3 20 +(24/12) 17 197
57 24 +24/12) 27 168

The flies were bred at 18°, while hybridization (13/12/90) was staned at 25°
after fertilization, breeding was continued at 18° (24/12/90). mB = melanogaster

stock; §22¢ = scarlet simulans stock (see also figure 1). * = phenotypically

scarlet simulans. Other progeny phenotypically st* hybrid.

Table 2. A batch with two transformation phenomena

22 x md F19Q25° F1 00 25° F PR1ec  F1 GO 18
® 20 0 0 5 T

39 20 0 0 16 21

24 15 5 8 9 4+

23 15 0 3 0 1

51 2 7 3 14+ 14
50 23 0 0 0 0

50 2% 3 13 27 19

522 = scarlet simulans; mB = st* melanogaster; * = 1 male st* melanogaster sterile; ** = st*
melanogaster (4 flies fertile); *** = st* melanogaster (4 flies fertile). Other progeny phenotypically

st* hybrids

Table 3. A batch with one transformation phenomenon

22900 X mBGF  oftepring 99 Ofispring GG Offspring 9@  Oftspring GG
a1 20 353 1 124 0
46 27 444 1 195" 2
42 20 239 1 112 1]
44 25 308 " 119 1

522 = scarlet simulans; mB = st* melarogaster; * = after isolation two eggs were found; ** = 1 male
was simulans with st* eyes, all other offspring were phenotypically hybrid.

Table 4. A batch with one transformation phenomena

52200 X meOC K2 F 0028 F PR F G0 18
30 18 0 0 0 0
30 25 1 1 10 6
29 21 15 30 15 24
48 20 30 43 18 24
60 25 9 6 9 13
33 20 37 59™ 40" ray
32 20 4 8 16 12
33 20 1 0 0 0

522 = scarlet simulans; mB = st* melanogaster; * = all temales were fertile single pair tested,

phenotype hybrid up to mefanogaster; ** = 43 st* melanogaster (fertile) and 16 hybrid (sterile);
*** = 27 melanogaster type and 13 hybrid (most fertile); **** = 22 melanogaster type (fertile) and

13 hybrids (sterile). Other progany phenotypically st* hybrids.
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Conclusion:

The transformation phenomenon found in
the offspring from a D. simulans female
caught at the fruit auction in Utrecht has been
repeated under laboratory circumstances with
D. simulans stocks present in our laboratory.
Moreover transformation takes place into
both directions "male and female parent" and
with both cross types: D. melanogaster females
X D. simulans males and the reverse cross.
From all the hits during 1980-1992 only a
fraction is shown in this note. Obviously, the
trait is wide spread because the stocks used
are not related to the auction female. The
role of the lethal female rescue trait is not
clear. Certainly stocks carrying this trait Lfr
can transform the offspring from hybrid
crosses, however other stocks absent for that
trait also transform (e.g., the auction female
and her offspring transform after
hybridization). Further it has been found that
stocks with the potency to transform, crossed
with wild type stocks with the same
morphology (e.g., s22 X wild type D. simulans)
produced an offspring with the capacity to
transform more frequently than the female
parent stock.

The temperature effect on transformation
seems to be overruled by the conditions of the
season. Particularly in the month December,
the frequency of hits increases; this lasted up
to and including May.  One maternal
transformation was found in August 1990
between 522 females X mB males at 18°C.
Further it is found that increased humidity
favours transformation.

It is clear that certain environmental
circumstances affect the suppression of
deleterious effect in hybrids during the
ontogeny of juvenile hybrids. Rescuing
lethality and maintaining fertility have a cost,
because the hybrid phenotype has been
overruled by that of either the paternal or
maternal parent. It seems impossible to
sustain the pure hybrid stage during
transformation. One genome overruled the
other, because both are present in
transformed F;. Only imprinting can explain
such a construction, and if so we must
conclude that both genomes united in a hybrid
have a different species specific print. If parts
of the genome are inactivated, it can configure
a phenotype absent for essential functions or
even being lethal. Close related species will
decrease their print specificity, which suppres-
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ses inactivation by imprinting. Exponents of this mechanism are genes such as mhr (Hutter and Ashburner, 1987), lhr
(Watanabe, 1979) and /fr. They overrule essential imprinting (Sapienza, 1990) which suppress lethality. So the sex ratio

will be restored.

References: Hutter, P. and M. Ashburner 1987, Nature 327: 331-333; Watanabe, T.K. 1979, Japan J. Genetics 54:
325-331; Sapienza, C. 1990, Scientific American, October: 26-32.

Thorig, George E.W, University of Utrecht,
Department of Plant Ecology and Evolutionary Biology,
Section of Evolutionary Genetics, Padualaan 8, 3584 CH
Utrecht, The Netherlands.  Morphological
transformation in crosses between Drosophila
melanogaster and Drosophila simulans a spin-off from a
cold adaptation?

During the past 14 years sampling in the fruit
auction of Utrecht shows that both D. melanogaster and
D. simulans females can mate with males of the other
species. These matings result in a hybrid offspring. One
D. simulans female gives next to a sterile hybrid male
offspring, a fertile offspring of males and females
phenocopying the D. melanogaster morphology. Earlier

reports refer to these phenotypic transformation

phenomena (Thorig, 1992). We also repeated this result
under laboratory circumstances with laboratory stocks. Obviously these results suggest that transformation is favoured
during December up to and until May: the months with the lowest temperature in the Netherlands.

Conclusion: season circumstances affect the events of transformation under laboratory circumstances.

The species Drosophila simulans and Drosophila melanogaster overwinter by a state of dormancy (Izquierdo,
1991). Males normally become sterile at these circumstances. It means that those females, which have been mated
before that period will produce offspring. The embryos are exposed during the winter period by cold circumstances.
Perhaps these circumstances induced the event of transformation in our lab. Figure 1 shows that both species can be
sampled during the period June up to and until October-November (the light segments). It shows that both species are
immobile during the period December up to and until May (the dark segments).

Transformation as a
trait can be explained if Jan Dec
we consider that the two
species evolved an
adaptation to cold
circumstances. The
species Drosophila
melanogaster, which
arrived earlier in these
regions than the species
Drosophila simulans
(Lachaise ef al., 1988) is
more cold resistant.
Drosophila simulans Apr
perhaps introduced those
cold-resistance genes by
transformation during a
period (Lewontin and
Birch, 1966). This
process has led to this
trait. Tt is present, but its
frequency suggests that it
is normally suppressed and accidentally expressed. If this trait is wide spread among the species, it will have its impact
during hybridisations, because it can break down the species barrier and favour gene transport.

References: Thorig, G.E.W. 1992, Dros. Inf. Serv. 71: 198; Izquierdo, J.I. 1991, Entomol. exp. appl. 59: 51-58;
Lachaise, D., M-L. Cariou, J.R. David, F. Lemeunier, L. Tsacas and M. Ashburner 1988, Historical biography of the
Drosophila melanogaster Species Subgroup; Lewontin, R.C. and L.C. Birch 1966, Evolution 20: 315-336.
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Komma, D.J. and K.C. Ah_voodl. Duke University Magnification is an increase in the number of
Medical Center, Durham, NC. "Deceased. Tritiated ribosomal RNA cistrons (rDNA) in gametes produced
thymidine enables ring chromosomes to magnify in D. by rDNA-deficient flies. Magnification occurs readily in
melanogaster. males carrying rod X chromosomes, but does not

normally occur in males carrying ring X chromosomes

(Tartof, 1974; Endow et al., 1984). These observations
suggest that chromosome topology is important for magnification. This would be true if the mechanism of magnification
involved sister chromatid recombination, since sister chromatid exchange in a ring chromosome would lead to the
formation of inviable dicentric ring chromosomes. The observation (Endow et al., 1984) of elevated frequencies of
dicentric rings in meiosis IT of rDNA-deficient ring X males, compared with non-deficient males, is consistent with this
hypothesis. An essentially complete inhibition of magnification was observed for ring X chromosomes kept under
magnifying conditions for many successive generations (Tartof 1974; Endow et al., 1984). This inhibition suggests that
the magnifying exchanges are probably single exchanges, since multiple even-numbered exchanges would permit some of
the magmﬁed rings to separate and be recovered. The observation that loss of a xPbo ring (that carries no detectable
rDNA) is not increased during meiosis in rDNA-deficient males compared with non-deficient males, whereas loss of a
X®® ring is increased (Endow et al. , 1984), suggests that the magnifying sister chromatid exchanges are confined to the
rDNA. Gibson and Prescott (1972) demonstrated that >H-thymidine incorporated into DNA is an inducer of sister
chromatid exchanges. We therefore conjectured that 3H- -thymidine might enable ring chromosomes to magnify by
inducing additional exchanges outside the rDNA.

Table 1. Tritium-induced recovery of bb™ in a ring X chromosome and inhibition of
:The PhenOtype pr?duced by . rDNA magnification in a rod X chromosome.
deficiency, bobbed (bb), is characterized by
short thin thoracic bristles and incomplete Progeny of mating treated males to Xb0%/x%/85y temates”
pigmentation of abdominal tergites. We 3H-thymidine Females

found that a R(1)2 chromosome, obtained
from the Bowling Green Stock Center and
marked with yellow and cut, also carried a

mCi/ ml BS _bb_bbM™ bb* bbmosak _ Males %bbM
A. Ring XPb chromosome

Cortrol 487 684 o0 0 0 962 0
strong bb allele (Endow et al., 1984). Males
; . ) 0.0005 159 76 34 0 4 231 31
carrying this chromosome together with the
_ . 0.0015 332 149 9% 0 2 367 38
chromosome were grown on media 00035 2 6 3
K 0 0 0 -
containing 3H-thymldme As a control,
males carrying Y®®" and a rod X 00050 o w2 o 2
chromosome ucos, with a bb allele B. Rod XbP chromosome
comparable in sever‘;lfy to the ring 'I;f allele, Control 159 26 106 O 0 144 80
were grown on media containing the same 0.0005 159 o7 & o o 160 39
concentrations of “H-thymidine. The 00015 o2 13 17 o o 0 11
resulting bb males were mated en masse to 0'0035 e 28 71 o va )
X/X/Y females g the In(1)sc Ly SR )
0.0050 1 140 8 o 0 215 5

chromosome and a B°Y chromosome., The
In(1 )sc‘"‘sc8R chromosome is deficient for
the entire heterochromatic region including *The X2 chromosome carried by the tester females was In(1 )sc*LscSR,

the rDNA. The relevant offspring were

round-eyed females that carried an In(1)sc” sc™ chromosome together with a potentially magnified ring or rod X%
chromosome. These females were scored for magnification by inspection of thoracic bristle length and abdominal
pigmentation,

Results of these experiments are shown in Table 1. No bobbed magnified (bb™) offspring were recovered from
ring-bearing males grown on medium without 3H-thymldme whereas 3H-thymldme medium allowed recovery of up to
30-40% bb™ offsprmg Recombmatlon tests of 14 of the bb™ males indicated that the rings had not opened. This
demonstration that ring X®® chromosomes do not magnify in bb males grown on normal media, but do magnify if the bb
males are grown on medium containing >H-thymidine, is expected if the mechanism of magnification involves sister
chromatid exchange, but is not predicted by the extracopy hypothesis proposed by Ritossa (1972). These data therefore
provide additional evidence that the basis of rDNA increase during magnification is unequal sister chromatid exchange.

In contrast, the rod X chromosome showed a concentration-dependent inhibition of magnification, with the hlghest
proportion of bb™ in the offspring from the control medium without 3H-thymldme We did not test other rod X°°
alleles or medium containing cold thymldme A possible explanation for the inhibition of rod X°® magnification with
increasing 3H-thymldme concentration is that it is caused by saturation of an exchange-prone repair system. According

LSR
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to this hypothesis, the initial lesions - perhaps single-strand nicks - are converted into sister-strand exchanges during
repair. If 3H-thymidine induces nicks at random throughout the length of the X chromosome, most of the nicks would
be outside the IDNA segment. When the number of lesions is large, the repair component that converts them into sister
chromatid exchanges might become saturated. The frequency of magnification would then be reduced if the nicks in the
rDNA compete with those outside the rDNA for components of the repair system. In closed chromosomes, loss of rings
with unmagnified bb counterbalances the decline in frequency of magnifying events, so that the
concentration-dependent inhibition is not observed.

The data are therefore consistent with a model (Endow and Atwood, 1988) in which the basis of magnification is
unequal sister chromatid exchange in the rDNA, mediated by an exchange-prone repair system.

Acknowledgments: This work was carried out at Columbia University.

References: Endow, S.A. and K.C. Atwood 1988, Trends in Genetics 4:348-351; Endow, S.A., D.J. Komma and
K.C. Atwood 1984, Genetics 108:969-983; Gibson, D.A. and D.M. Prescott 1972, Exp. Cell Res. 74:397-402; Ritossa, F.

1972, Nature New Biol. 240:109-111; Tartof, K.D. 1974, Proc. Nat. Acad. Sci. USA 71:1272-1276.

Kurzik-Dumke Ursulal, Roman Mullenbachz,
Karlheinz Hglzmannz, Elisabeth Gateff, Nikolaus
Blin“ and Steven Dooley’. ‘Institut fur Genetik,
Johannes Gutenberg-Universitit Mainz; Institut fiir
Anthropologie und Humangenetik, Universitit
Tubingen; 3nstitut fiir Humangenetik, Universitit des
Saarlandes, Gebaude 68, D-6650 Homburg/Saar, F.R.G.
Genetic mapping of a new Drosophila fos-related
sequence isolated via PCR technology using mammalian
c-fos specific primers.

A number of mammalian proto-oncogene
homologs have been described in Drosophila. Among
the early response oncogenes, both jun- and fos-related
were characterized via purification of the encoded
proteins from Drosophila nuclear extracts using AP1
sequence specific DNA affinity chromatography or by
means of low stringency cross-species-hybridization to
Drosophila genomic libraries (Zhang et al., 1990; Perkins
et al., 1990). A computer aided sequence comparison of
human, mouse and rat fos oncogene sequences revealed

several blocks of 20 bp with 100% nucleic acid
conservation between these species. These sequences
code for important functional domains of the protein and seem to be subject to a high selection pressure. We used two
sequence blocks derived from a part of the human c-fos gene coding for the protein domain which is responsible for
gene activation via phosphorylation (Barber and Verma, 1987; Wilson and Treisman, 1988; Gins et al., 1990; Ofir et al.,
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/ ESEAFTL\M@AS TELEPLCT
Pl: 5‘-GAGTCTGAGGI\GGCCTTCACCCTG--3"/////////////t \\\\\\\
3

*~TGTCTCGACCTCGGGGACACGTGA-5" P2:

Figure 1.

1990) as PCR primers to search for additional members of the fos-gene family in the Drosophila genome. Figure 1
shows the structure of the mammalian Fos protein and the localization of both primers (P1 and P2). Two distinct DNA
fragments, 500 bp and 800 bp, were isolated. Figure 2 shows the hybridization at high stringency of the two cloned
genomic fragments to a Southern blot of EcoRI-digested DNA from various species. Only Drosophila-specific signals in
the molecular range indicated in the figure were obtained with both PCR fragments. The 800 bp probe recognized one
fragment suggesting a single copy. However, in situ hybridization of this DNA fragment to polytene chromosomes,
presented in Figure 3, resulted in two signals, at positions 84E and 93F1-2 on the right arm of the third chromosome.

The 500 bp fragment hybridized on a genomic Southern blot to four bands, indicating that this sequence motif is
present in more than one genomic region, but clear signals could not be obtained by in situ hybridization to squash
preparations of giant chromosomes. This can be explained by the restricted capacity of the in situ hybridization
technique in the case of short DNA sequences.

In order to determine the transcription pattern of the putative genes, RNA from several developmental stages was



140 Research Notes DIS 72 (July 1993)

Figure 2.
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isolated and hybridized to both isolated DNA fragments. The results of the Northern analysis were negative. Sequence
data, however, indicate in the case of the 500 bp probe an open reading frame. The predicted protein is characterized by
putative phosphorylation sites for cAMP-dependent protein kinase, protein kinase C (PKC) and casein kinase II (CKII),
Asu glycosylation sites and several myristilation sites. So we performed a more sensitive RNA detection analysis using
RNA-PCR to find out if there is any basal transcription. Surprisingly, we found a correct sized amplification product in
all developmental stages. These data suggest a ubiquitous basal expression of this new gene, whose function remains to
be determined. :

In both isolated Drosophila-specific sequences no homology to the known fos-related gene recently characterized
by Perkins and co-workers (1990) could be shown.
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822-834; Wilson and Treisman 1988, EMBO J. 7(13): 4193-4202; Zhang K., JR. Chaillet, LA. Perkins, T.D.
Halazonetis and N. Perrimon 1990, Proc. Natl. Acad. Sci. USA 87: 6281-6285.

Mardahl, Michelle, Richard M. Cripps, Robert R. We were interested in introducing a marker visible
Rinehart, Sanford I. Bernstein, and Greg L. Harris. in the embryo or larva onto a second chromosome
Department of Biology and Molecular Biology Institute, balancer, so that we could identify lethal homozygotes.
San Diego State Umversﬁy, San Diego, California 92182. We chose y* as the marker to be carried on a CyO
Introduction of y* onto a CyO chromosome. balanced chromosome. Six hundred virgin females

(aged 2-4 da 1ys) of the genotype y; Dp(IL;2)El, pr cn/
&yo, Cy dp pr (this CyO chromosome does not carry
cn ) were collected and X-irradiated for a total exposure of 3000 R, then crossed with y males. The progeny were
screened for curly-winged individuals with wild-type body color phenotype. Fourteen lines were isolated and
backcrossed with y. Two fertile lines maintained y* and CyO. To confirm that the y* marker is stably associated with
the balancer chromosome, we crossed y; CyO, Cy dplvl pry™ /+ to y males and scored for independent segregation of
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the Cy andy* phenotypes. We found very few recombinants (1 recombinant in 3,113 total progeny for the line 2-1, and
2 recombinants in 1,818 for line 17). To ensure that the third chromosome does not contain any unintentional genetic
lesions, the irradiated third chromosome was removed by standard techniques using 7M3, and a stable stock was
generated with the genotype y w; In(2LR)O + Dp(1;2)El, Cy dpM pry” /Bc Elp.

Acknowledgments: We are grateful to Bloomington Stock Center for providing the stock: y; Dp(1;2)E1, pr cn/CyO,
Cy dp‘"1 pr and Dr. John Sparrow for his critical comments. Recently another y* CyO stock has been added to the
Bloomington Stock Center.

Khazaeli, A.A., H.H. Fukui, and J.W. Curtsinger. A preliminary experiment in our laboratory using
University of Minnesota, St. Paul, MN U.S.A. Egg and the Drosophila melanogaster inbred line JWC.1 showed
larval densities and survival rates in an inbred line of that the number of flies emerging from different
Drosophila melanogaster. densities of larvae per vial was approximately constant.

However, the number of flies emerging from a higher
density of eggs was less than that at a lower density. The
aim of this work was to quantify these observations.

The inbred line JWC.1 was derived from a large random-mating laboratory population, "LF350" (Weber and
Diggins, 1990). The experiment was carried out in two parts. In the first experiment, eight small cylindrical chambers
(100 x 150 mm) were used for egg and larva collections. Petri dishes (100 x 15 mm) containing food were attached to
the bottom of the chambers. An equal number of male and female flies (200 + 10) were transferred into each chamber.
After 12 hr, flies were removed from the chambers. Eggs were transferred from four petri dishes into 8-dram vials with
densities of 20, 40, 60, 80, and 100 (five vials for each density). Four other petri dishes were kept in the laboratory for a
period of 24 hr. The first instar larvae were transferred from these petri dishes into the same vials as the egg density
classes. In order to compare the performance of the inbred line to those in outbreeding D. melanogaster, a similar
experiment for was performed using LF350.

A second experiment was done s
to test for effects of excreted -

materials which might be toxic to
eggs and larvae. Five vials each with g
100 eggs (high density) and five other L *47’474
vials each with 20 eggs (low density)
were used. After 48 hr, 30 more eggs
were transferred into each vials. Due
to the gap between the two transfers,
primary flies and added flies were
distinguishable at eclosion. In both
experiments, flies, larvac and eggs
were reared and kept on standard ®— [gg Inbred Line
yeasted-molasses-cornmeal-agar-me- #— Egg Outbred Line
dium in a dark room at 24°C. +— Larva Inbred Line

For the first experiment, a
model I three-way ANOVA was used
to test the effects of density (5 levels)
and treatment (2 levels - egg or
larvae stages). A block (n = 5)
design was used to test Figure 1. The survival rate of egg and larva at different densities.
macro-environmental effects and a
nested design (vials were nested within density) was used to test micro-environmental effects. For the second
experiment, a model I block design ANOVA was used to test the effect of initial egg density on the survival of added
eggs. The proportion of flies emerging was arcsine-square-root-transformed. Means were compared by using the Tukey
multiple comparison test at P = 0.05 level (Zar, 1984, p 186). The SAS version 5.0 ANOVA procedure (SAS Institute,
1985) was used for actual calculations.

For the first experiment, the result of ANOVA indicated no significant difference between blocks. Thus, data were
pooled (Figure 1). However, vial effect was significant (Table 1). In general, the proportion of flies emerging was
higher when they were transferred as larvae than as eggs (Figure 1 and Table 1). Densities of larvae did not affect the
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proportion of flies emerging from the inbred line (92.2 + 1.5% to 88.5 + 1.4%; Figure 1). On the other hand, the
proportion of flies emerging decreased with density when they were transferred as eggs (833 + 2.1% at 20 eggs/vial to
68.8 + 1.7% at 100 eggs/vial; Figure 1). Outbred D. melanogaster, unlike the inbred line, shows no such variations
(Figure 1). This result in the outbred line is in agreement with the finding of Fukui (1990).

In the second experiment, primary density did not

Table 1. The result of ANOVA to evaluate the effect of density and treatment affect survival rate (df = 6’ F = 203’ from an ANOVA
Source of MS F analysis). The result is consistent with the first experiment
Mocel 8 204.24 418 (Figure 1). The mean proportions of flies emerging from
Densiy 4 97,28 229 eggs transferred after 48 hr into both groups of vials with
e onsity o PRH MmiasT high and llow densities were 79.0 + 2.8% and 68.2l 4+ f5f.9%,
Block* Treatment 4 56.86 134 respectively.  Despite significant environmental effects,
3.21:&@2?:;21?“‘ : e pedt small but significant effects of initial treatment were found
B TOS WAy imeraction 18 27e8 0.66 (Table 2). It seems, therefore, that the accumulation of
;g‘a'oss 199 toxic materials, which is density dependent, may be an
o important factor for survival rate of eggs in this inbred line.
p < 0.001. Acknowledgment: This work was supported by
NIH grant POIAG08761. We thank L. Xiu for his technical
assistance.
Table 2. An ANOVA testing for effects of initial density on the added eggs. References: Fukui, HH. 1990, Ph.D. Thesis,
Source df VS F Bowling Green State University, Bowling Green, Ohio;
Mocel 3 40136 e SAS Institute, Inc., 1985, SAS Users Guide: Statistics,
Density _ 1 202,50 5.03° Version 5.0, SAS Institute Inc.; Weber, KE. and L.T.
Eror o 8 nE e Diggins 1990, Genefics 125:585-597; Zar, J.H. 1984,
;gla'o . 19 Biostatistical Analysis (2nd ed.), Prentice-Hall, Inc., NJ.
*p <005 ™ p<0.001.
Kar, Anita and J.K. Pal. Department of Zoology, The polytene X chromosome of third instar male
University of Poona, Pune 411 007, India. A mutation larvae of D. melanogaster appears more diffuse and puffy
controlling the decondensation of the male X than the autosomes and the female X chromosomes
chromosome. (Dobzhansky, 1957). This distinctive property of the

male X chromosome is the morphological manifestation

of dosage compensation, the phenomenon by which the
male X chromosome compensates for the difference in sex-linked gene dosage. Dosage compensation operates through
enhanced transcriptive activity of the genes on the haploid X chromosome (Mukherjee and Beermann, 1965). A
number of strains have been reported where the male X chromosome becomes abnormally decondensed (see
Ashburner, 1972). In male larvae of the strains, /(3)t/ (Zhimulev et al., 1976), In( I)Bmz reared at 10°C (Lakhotia and
Mishra, 1982) and In(1)B™2 (reinverted) (BM2) (Majumdar et al., 1978), the haploid X chromosome appears more
puffy than the female X chromosomes and the paired autosomes. The latter two strains are distinct from /(3)tl, since in
these strains, the decondensation is sex- and chromosome-specific, affecting only the structure of the male X
chromosome (Mukherjee and Ghosh, 1986). Furthermore, these X chromosomes (termed "pompoms”), although
abnormally decondensed, show no increase in transcriptive activity which remains at the level observed in normal males
(Zhimulev et al,, 1976; Lakhotia and Mishra, 1982; Bose and Duttaroy, 1986; Kar and Pal, communicated). Thus, at
least in these three instances, no correlation seems to exist between the rate of transcription and the decondensed state
of the X chromosome.

We are interested in determining whether there are specific genes that control the decondensation of the X
chromosome in Drosophila males. In BM2, a recombinationally distinct locus at the 16A region of the X chromosome is
responsible for the manifestation of the abnormally puffy X chromosomes (Figure 1a; Kar and Pal, communicated).
Introduction of this region into a marker X chromosome results in the manifestation of puffy X chromosomes, which
although abnormally decondensed, do not show increased transcriptive activity (Kar and Pal, communicated).

At 18°C, about 50% of the X chromosomes from a single pair of salivary glands of third instar BM2 male larvae



144 Research Notes

Figure 1. (a) "Puffy” polytene X chromosome (X) of third instar
male larvae from BM2. In this and subsequent panels, bar
represents 10 um. (b) Puffy X chromosome (X) after 20 minutes of
heat shock of BM2 male larvae. Arrow indicates the heat shock
puffs 87A and 87C. (c¢) Narrow chromosome (X) appearing after
heat shock of BM2 male larvae.

Table 1. Effect of heat shock on the X chromosome morphotypes of male third instar BM2 larvae

Duration of heat shock X chromosome morphotypes? + S.D.
(min)
Normal Puify Intermittent Condensed
Control 0 43.3£10.1 241+ 939 326+ B8.05 —
Experimental 20 513+ 6.4 127+ 403 162+ 355 1981+ 449
Experimental 35 744+ 85 34+ 143 137+ 530 851 4.85

aNormal, puffy, intermittent represent the X chromosome morphotypes observed in third instar
male larvae. Condensed chromosomes appear, in addition to these morphotypes, in polytene
spreads after the larvae are heat shocked.

show complete or random decondensation of the X chromosome
(termed "puffy" and “intermittently puffy", respectively), while the
remaining X chromosomes appear identical to the morphology
observed in polytene spreads from wild type male larvae.

Since the puffy X chromosome resembles a giant puff, we were
interested in testing the effect of heat shock on these chromosomes.
Third instar BM2 male larvae, reared at 18°C and heat shocked at
37°C for 20 and 35 minutes, show an abnormal response to heat
shock. (a) Although a reduction in the number of puffy and
intermittently puffy X chromosomes is observed, puffy X
chromosomes could be scored after both 20 and 35 minutes of heat
shock (Table 1, Figure 1b). (b) In addition to the normal, puffy and
intermittently puffy types of X chromosomes, a fourth type of X
chromosome becomes evident after heat shock (Figure 1c). These X
chromosomes appear reduced in width and are most often
characteristically twisted and folded onto themselves as shown in
Figure 1c. Polytene chromosome spreads from third instar female
larvae do not show such narrow X chromosomes after heat shock.
In order to determine whether the narrow X chromosomes result as
an effect of heat shock on the mutation in BM2, recombinants
bearing a marker X chromosome, in which the Bar region was
replaced with the 16A region of BM2, were heat shocked. Polytene
chromosome spreads from such larvae showed puffy, intermittently
puffy, normal and narrow X chromosomes indicating that the narrow
X chromosomes appear due to the effect of heat shock on the same
mutation that is responsible for the manifestation of the puffy X
chromosomes.

From these results it appears that a mutation mapping at the
16A region of the X chromosome of BM2 controls the sex-specific
decondensation of the haploid male X chromosome, without
affecting its transcriptive activity. We are now using this mutation to
determine if the process of transcriptional hyperactivation and X
chromosome decondensation are independently regulated processes
leading to dosage compensation.

Acknowledgments: A major portion of the work reported here
was done in the laboratory of Prof. A.S. Mukherjee. We thank him
for his constant guidance and encouragement. CSIR Associateship
(grant no. 9/137(192)/91-EMR-I) to AK is duly acknowledged.
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Mukherjee, A.S. and W. Beerman 1965, Nature 207:785; Ashburner, M. 1972, In: Developmental Studies on Giant
Chromosomes (W. Beermann, ed.), no. 4, pp. 101, Berlin, Springer-Verlag; Zhimulev, LF. et al. 1987, Chromosoma
55:121; Lakhotia, S.C. and A. Mishra 1982, Ind. J. Exp. Biol. 20:643; Mazumdar, D. et al. 1978, The Nucleus;
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Santos, José Ferreira dos’, Flivio Lewgoy’, and Vera
Licia S. Valente®. "Departamento de Genética, Centro
de Ciéncias Bioldgicas, Universidade Federal de
Pernambuco. Av. Morais Rego, S/N. 50732-970, Recife,
PE, Brazil, 2Departameuto de Genética, Instituto de
Biociéncias, Universidade Federal do Rio Grande do
Sul. 91501-970, Porto Alegre, RS, Brazil. Heat shock
puffs are induced by selenium in Drosophila
melanogaster.

Several chemical and physical agents are able to
induce heat shock response in a large number of
organisms (reviews in Lindquist, 1986; Lindquist and
Craig, 1988; Nover, 1991). In Drosophila, in which the
phenomenon was discovered (Ritossa, 1962), many
agents are known to induce this response. Selenium,
however, has never been cited as a heat shock puff and
protein inducer. In searching puffing pattern deviations
in response to selenium in a Drosophila melanogaster
strain (named SE), we were able to detect heat shock
puffs. We observed the heat shock puffs in 93D, 95D,

87A and 87C (Figure 1) and 63C, 67F and 67B of 3L (not shown) in polytene chromosome squashes (processed
according to Ashburner, 1967) of zero hour prepupae. The SE strain has been reared at 25°C (60% r. humidity) for
more than 18 years (191 generations) in culture medium composed of 15 g of agar, 50 g of integral rye flour, 100 g of
sugar, 100 g of fresh yeast, 11 ml of propionic acid and 1000 ml of distilled water to which was added 31 mg/kg of
sodium selenite. As a control we analysed puffing patterns of polytene chromosomes from prepupae of the Petropolis
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Figure 1. Heat shock puffs induced by selenium in chromo-
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strain (PE) reared in the same medium without
selenium. Both strains (SE and PE) are derived
from the offspring of four inseminated females
collected in a fruit market at Porto Alegre city,
Southern Brazil (29° 10° and 30° 10’ S; 51° 16’ and
51° 05’ W).

Although the phenomenon seems to be
transient, since only 1 of the 25 prepupae analysed
showed heat shock puffs, it is noticeable the
potential of selenium to promote this response.
Biological effects of selenium are yet well known.
In Drosophila, Ting and Walker (1969), Walker and
Bradley (1969), and Ahmed and Walker (1975)
described alterations in the crossing over
distribution along the X chromosome after
selenocystein or selenometionin treatment, and
Chapco et al. (1978) observed damage effects on
fecundity of the flies after the same treatment.

One of us (F.L.) was able to detect
incipient reproductive isolation between the SE and
PE strains (Lewgoy and Stark, 1992). This fact was
probably due to genetic divergence induced by the
selection imposed by selenium.

We think that this finding is important
because the production of heat shock proteins
could be suggested as a means to protect the larvae
against the selenium toxic effects. In fact, as the
mortality induced by the selenium treatment is
high, individual abilities to face toxic agents could
be selected. This hypothesis, however, needs to be
tested.

Acknowledgments: Thanks are due to
CNPq, FAPERGS, FINEP and PROPESP-
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Pinheiro, Bartira E.C., and Vera L.S. Valente.
Departamento de Genética, Instituto de Biociéncias,
Universidade Federal do Rio Grande do Sul, Caixa
Postal 15053, CEP 91501-970, Porto Alegre, RS Brazil.
Drosophila kikkawai, a subcosmopolitan or a
cosmopolitan species?

There is some disagreement among the authors,
concerning the status of Drosophila kikkawai around the
world. In an attempt to contribute to the elucidation of
this problem, we checked the literature on the
distribution of this species. We found that Carson
(1965) referred to Drosophila kikkawai as a species with
extensive distribution but subcosmopolitan. Lachaise
(1974b) mentioned its presence in Nearctic, Neotropical

and Afrotropical zones. It was cited also by Tsacas (1979) in the Afrotropical, Oriental, Australasian and Neotropical
regions, but the author considered Drosophila kikkawai as a subcosmopolitan species. Parsons and Stanley (1981) once
again considered Drosophila kikkawai a subcosmopolitan species, because it is present in five (Palearctic, Neotropical,
Australasian, Afrotropical and Oriental) of the six biogeographical zones considered by the authors.
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Figure 1 - The distribution of the Drosophila kikkawaiin the six biogeographic zones.
Ne = Nearctic; N = Neotropical; P = Palearctic; O = Oriental; Au = Australasian; A = Afrotropical

Table 1 (following pages). The geographic situation of these places was obtained in the Atlas Mirador Intemacional and
in the Guia do Terceiro Mundo. N = Neotropical; Ne = Nearctic; P = Palearctic; A = Afrotropical; O = Oriental;
Au = Australasian.
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F TABLE 1 - Research on the geographic origin of the samples of Drosophila kikkawai.

AUTHOR, YEAR

GEOGRAPHIC ORIGIN OF THE

SAMPLE
City/ State/ Country

BIOGEOGRAPHIC REGION

N

Ne P A

Metjere, 1916

Java

Duda, 1924

Taiwan/China

Java

X |[x|>x|O

Malloch, 1934

Samca

Kikkawa, 1936

Hukuoka/Japan

Isigakizima/Japan

Kumamoto/Japan

Matuyama/Sikoku/Japan

Shuri/Okinawa/Japan

Taihoku/Taiwan

Kikkawa & Peng, 1938

Amami/Oshima Is./Japan

Hukuoka/Japan

Isigakizima/Japan

Kumamoto/Japan

Matuyama/Sikoku/Japan

Miyanozyo/Japan

Naha/Japan

Oita/Japan

L AR A e A A R A R A R R A R A R A R A R A R R

Saipan/South-Sea Is.

Simoda/Japan

Sintikw/Taiwan

Taihoku/Taiwan

Tokuyama/Japan

Tomioka/Japan

M| XXX

Yuasa/China

Osima, 1940

Amal.usa/Japan

Isigakizima/Japan

Kanabo/Japan

Matuyama/Sikoku/Japan

|| x| X

Ningpo/China

Oita/Japan

Saipan/South-Sea Is.

Simoda/Japan

Yuasa/China

Tan, 1942

China

bad

Tan & Hsu, 1944

China

Freire-Maia, 1947; 1948

Parana/Brazil

Rio de Janeiro/Brazil

Sido Paulo/Brazil

Pavan & Cunha, 1947

Parana/Brazil

Rio de Janeiro/Brazil

Sao Paulo/Brazil

Freire-Maia, 1949a; c; 1952; 1953

Goias/Brazil

and Freire-Maia et al, 1954

Minas Gerais/Brazil

Parana/Brazil

Rio Grande do Sul/Brazil

Santa Catarina/Brazil

Sio Paulo/Brazil

MDD 2D D || X
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TABLE 1 - Research on the geographic origin of the samples of Drosophila kikkawai.
GEOGRAPHIC ORIGIN OF THE BIOGEOGRAPHIC REGION
AUTHOR, YEAR SAMPLE
City/ State/ Country N Ne P A (6] Au
Freire-Maia 1949b Honolulw/Hawaii/USA X
Sio Paulo/Brazil X
Tan et al, 1949 China X
Ward, 1949 China X
Patterson & Stone, 1952 South America X
Pacific Ocean X
Oriental Regibn X
Burla, 1954 Gaspar/Santa Catarina/Brazil X
Japan X'
Okada, 1956 Japan X
Freire-Maia, 1964a Hawaii/USA X
Parand/Brazil X
Rio de Janeiro/Brazil X
S3o Paulo/Brazil X
Freire-Maia & Freire-Maia, 1964 Bahia/Brazil X
Buenos Aires/Argentina X
Hawait/USA X
Parand/Brazil X
Rio de Janeiro/Brazil X
S3o Paulo/Brazil X
Mather, 1968a Jesselton/Sabah/Malaysia X
Tawau/Sabah/Malaysia X
Mather, 1968b Jesselton/Sabah/Malaysia X
Madang/New Guinea X
Tawau/Sabah/Malaysia X
Baimai, 1969 Jesselton/Sabah/Malaysia X
Madang/New Guinea X
Sandakan/Sabah/Malaysia X
Tawau/Sabah/Malaysia X
Gupta, 1969 Jesselton/Sabah/Malaysia X
Madang/New Guinea X
Tawau/Sabah/Malaysia X
Baimai, 1970 Philippines X
Mather, 1970 Philippines X
Bock & Wheeler, 1972 China X
Lakhotia & Mukherjee, 1972 Brazil X
Lachaise, 1974a; b; 1975; 1976 Ivory Coast/Africa X
David & Tsacas, 1975 Reunion Is./Africa X
Toda, 1976 Chichi/Bonin Ts. X
Belo & Gallo, 1977 S3o Paulo/Brazil X
Bock, 1977 Townsville/Australia X
Roy & Lakhotia, 1977; 1978 Brazil X
Tsacas & David, 1977 Brazil X
Republic of Singapore X
Reunion Is./Africa X
Belo & Oliveira Filho, 1978 Sio Paulo/Brazil X
David et al, 1978 Brazil X
Republic of Singapore X
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TABLE 1 - Research on the geographic origin of the samples of Drosophila kikkawai.
GEOGRAPHIC ORIGIN OF THE BIOGEOGRAPHIC REGION
AUTHOR, YEAR SAMPLE
City/ State/ Country N  Ne A O Au
Ivory Coast/Africa X
Reunion lIs./Africa X
Baimai, 1979a Bankok/Thailand X
Songkla/Thailand X
Kittawee & Baimai, 1979 Thailand X
Singh & Gupta, 1979 India X
Baimai & Chumchong, 1980 Bankok/Thailand X
Goroka/New Guinea X
Chia-I/Taiwan X
Heron Is./Australia X
Nan Tou/Taiwan X
Peng-Hu Is./Taiwan X
Taipei Is./Taiwan X
Leticia/Colombia X
Luzon/Philippines X
Madang/New Guinea X
Mato Grosso/Brazil X
Amami/Oshima Is./Japan
Pintung/Taiwan X
Oahu/Hawaii/lUSA X
Palau/Auluptagel Is. X
Parana/Brazil X
Kolonia/Ponape X
Samut Songkhram/Thailand X
S3o Paulo/Brazil X
Seoul/Korea
Songkhla/Thailand X
Townsville/Australia X
Wangtakrai/Thailand X
Wau/New Guinea X
Baimai et al, 1980 Bankok/Thailand X
Goroka/New Guinea X
Leticia/Colombia X
Luzon/Philippines X
Mato Grosso/Brazil X
Amami/Oshima Is./Japan
Pintung/Formosa X
Oahu/Hawaii/USA X
Palauw/Auluptagel Is. X
Kolonia/Ponape X
Seoul/Korea
Townsville/Australia X
Wau/New Guinea X
Lakhotia & Mishra, 1980 Colombia X
Singh & Gupta, 1980 India X
Valente et al, 1989 Porto Alegre/Brazil X
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In the review of the Lemeunier et al. (1986), however, which considered only five biogeographical regions, the
authors reported the occurrence of Drosophila kikkawai in every zone, Oriental, Australasian, Afrotropical, Palearctic
and Neotropical.

In order to rule out doubts, we collected data from some of the papers that referred to the origin of the samples of
Drosophila kikkawai. Table 1 shows all of them in chronological order, considering the existence of six biogeographic
zones - Neotropical (N), Nearctic (Ne), Palearctic (P), Afrotropical (A), Oriental (0) and Australasian (Au). The map
(Figure 1) summarizes Table 1. Although some of the points plotted on the map are close to the limits of the
biogeographic regions, their location, however, is unmistakable. They correspond to the records of the following
authors: Freire-Maia (1949b), Patterson and Stone (1952), Freire-Maia (1964a), Freire-Maia and Freire-Maia, (1964),
Baimai and Chumchong (1980) and Baimai ef al. (1980) in the Nearctic zone, and the ones of Kikkawa (1936), Kikkawa
and Peng (1938), Osima (1940), Burla (1954), Okada (1956), Baimai and Chumchong (1980) and Baimai ef al. (1980) in
the Palearctic.

Since Drosophila kikkawai seems to be present in every zone, we support the hypothesis of the cosmopolitan status
of this species.

Acknowledgments: Thanks are due to CNPq, FAPERGS, PROPESP - UFRGS and FINEP for fellowships and
grants,
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Parkash, R. and J.P, Yadav. M.D. University, Rohtak, The population genetic studies on Afro-tropical
India. Latitudinal clinal variation in Zaprionus indianus and Indian colonizing populations of Zaprionus species
populations. are totally lacking. Since gel electrophoresis has helped

in elucidating the genetic structure of colonizing
populations of diverse taxa, the present studies were
made to analyze the extent of genic divergence at seven loci in colonizing populations of Z. indianus from the Indian
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Table 1. Distribution patterns of allelic frequencies at seven polymorphic loci in twelve natural poputations of Zaprionus indianus.

Locus Alleles Emakulam Bangalore Tirumula Hyderabad Nagpur Bhopat Jaipur Rohtak Roorkee Dehradun Chandigarh Jammu
10° 12°58'N_ 13°40°N_ 17°.20'N__ 21°.09'N_23°.16'N 26°.55N 28°.94'N 29°5ZN 30°.19N 30°.43N__ 32°.74'N
Acph-1 P - 013  — — — — — — — 02 - -
F 69 .64 66 .61 .60 59 52 513 51 49 43 433
M — - —_ — - — 04 02 05 01 03 02
S 31 .334 34 .39 40 A1 A4 432 43 46 42 .494
s' — 013 — — — — — 035 01 02 12 053
N 84 184 77 96 90 50 123 155 135 108 98 84
Acph-2 F 92 .87 .89 96 92 89 80 78 81 .78 76 75
S .08 13 1 04 .08 1 20 21 19 22 24 25
N 84 120 90 65 90 50 92 80 108 102 64 102
Mdh-1 F 61 .66 68 73 77 75 83 82 .84 84 85 88
S 39 .34 32 27 23 25 17 .18 16 .16 15 12
N 112 100 80 170 98 95 84 62 90 107 109 114
Ao P 05 .02 06 03 .01 02 01 03 04 05 - 02
F 73 .69 70 66 .62 60 60 58 56 55 52 52
S 2 .29 24 31 .37 .38 39 39 40 A0 A8 48
N 53 105 85 80 72 82 76 74 110 80 50 78
Odh F €5 7 73 69 .65 .70 75 .76 75 .78 73 63
S 35 .29 27 31 .35 30 25 24 25 22 27 .37
N 88 84 77 110 120 80 80 90 140 100 88 95
Adh F 25 .34 .36 A0 43 A5 A4 49 AB 48 52 55
S 75 .66 64 60 57 55 56 51 52 52 A8 45
N 52 132 64 88 43 42 72 95 103 92 54 94
a-Gpdh F 0 .03 .04 06 .04 03 09 12 14 15 20 .18
S 10 97 96 94 .96 97 91 88 86 .85 .80 .82
N 60 85 70 80 98 72 64 68 68 102 47 108

Latitudes are given below the populations

~TN
Table 2. Latitudinal cormelation(r) of changes in allelic frequencies at seven polymorphic Cl ™ ——
loci in Z. indianus populations. £ i )
.J
Acph-15 Acph-25 Mdn-17  Ac® OopF  Adht  a-Gpan© i' 3“1
r- values 95" 83 .98" 95" .33 95" 89" 12 3}\3
* Significant at 5% level

Table 3. A comparison of data on mean number of alleles (A),
proportion of polymorphic loci (P), observed and expected
heterozygosity (Ho/ He) in Z. indianus and three colonising™ sympatric L 7
Drosophila species from the Indian sub-continent. Z_\

Species A P Ho/He
Z. indianus (12) 215 0.87 0.33/0.35
D. melanogaster (11) 152 0.45 0.25/0.29
D. busckii (6) 1.73 0.52 0.21/0.23
D. immigrans (10) 1.39 0.37 0.12/ 0.1t

No. of populations given in parenthesis. *based on published and
unpublished data of author's laboratory.

Figure 1. Map of Indian subcontinent showing the
collection sites for wild caught individuals of Z. indianus.
The sites include: 1 =Ernakulam; 2 = Bangalor; 3 =
Tirumala; 4 = Hyderabad; 5 = Nagpur; 6 = Bhopal; 7
Jaipur; 8 = Rohtak; 9 = Roorkee; 10 = Dehradun; 11 =
Chandigarh; 12 = Jammu.

subcontinent. Z. indianus represents a genus related to Drosophila and occurs widely in the Afro-tropical regions as well
as the Indian subcontinent. Z. indianus was described from India and could be collected almost throughout the Indian
subcontinent (Gupta, 1970). The population samples of Z. indianus were bait-trapped from twelve latitudinally varying
sites (Figure 1). Wild-caught males, as well as F, individuals from isofemale lines of Z. indianus, were analyzed
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electrophoretically (Smith, 1976). The homogenates of single individuals were analyzed electrophoretically in 12%
starch gels at 250 V, 30 mA at 4°C for four hours. The gel slices were stained for six different gene-enzyme systems
(Harris and Hopkinson, 1976). The genetic basis of banding patterns was interpreted from the segregation ratios of
electrophoretic phenotypes of the parents as well as F, and F, progeny of several genetic crosses.

The data on the distribution of allelic frequencies of the seven polymorphic loci have been given in Table 1. The
Acph locus is represented by two common alleles in addition to a few rare alleles in different populations. The Acph-2
and alpha-Gpdh loci revealed one common and one rare allele in the southern populations, while one common and one
less frequent allele were found in the northern populations. Mdh-1, Adh and Odh loci revealed two common alleles in
all the populations, while the 4o locus revealed two common and one rare allele.

The electrophoretic data revealed that the allelic frequencies of Acph-15 Acph-25, Mdn-IF, A0S, AdhY, and
alpha-Gpth were found to be significantly positively correlated with the latitude (Table 2). The observed clinal
variation in the geographic populations of Z. indianus suggested adaptive changes in allelic frequencies along the
climatic and ecogeographic north-south gradient of the Indian subcontinent. The data on the overall genetic indices (A,
P and Ho/He) in all the geographic populations of Z. indianus were characterized by a higher amount of genic
polymorphism, i.e. all the loci revealed polymorphism and displayed a high heterozygosity. The extent of genic
polymorphism in Z. indianus populations was significantly higher, as compared to the levels observed in other colonizing
Drosophila species (Table 3).

The present data on clinal variation at polymorphic loci in Indian populations of Z. indianus further supported and
validated the hypothesis that the occurrence of latitudinal clines across different drosophilid populations provides
evidence of natural selection maintaining clinal allozymic variation. Since various colonizing drosophilids differ
significantly in their evolutionary history, the existence of parallel clinal allelic frequency changes at many polymorphic
loci could be due to the action of latitudinally related environmental gradients.

The present observations on the patterns of extensive genic polymorphism in geographic populations of Z. indianus
were in agreement with the niche-width variation hypothesis or the environmental amplitude hypothesis (Karlin and
Guttman, 1979; Steiner, 1980; Parsons, 1983). This hypothesis suggested that the amount of genetic variation could be
regarded as an adaptive strategy in spatio-temporally varying heterogeneous environments. Z. indianus populations are
found throughout the year in climatically diverse geographic regions of the Indian subcontinent. Thus, the observed high
levels of genetic indices in Z. indianus populations could be causally related with the heterogeneous environmental
conditions along north-south axis of Indian sub-continent.

References: Gupta, J.P. 1970, Proc. Ind. Natl. Sci. Acad. 36B:62-70; Harris, H. and D.A. Hopkinson 1976,
Handbook of Enzyme Electrophoresis in Human Genetics, Amsterdam: North Holland; Karlin, A.A. and S.I. Guttman
1979, Isozyme Bulletin 12:50; Parsons, P.A. 1983, The Evolutionary Biology of Colonizing Species, Cambridge, London:
Cambridge Univ. Press; Smith, 1. 1976, Chromatographic and Electrophoretic Techniques, Vol. II, Zone Electrophoresis,
London: Heineman; Steiner, W.W.M. 1980, Amer. Nat. 115:596-610.

Yadav, J.P, and R. Parkash. M.D. University, Rohtak, The natural food resources of most drosophilids
India. Ethanol tolerance and ADH gene frequencies in consist of fermenting fruits. Since the larvae are often
Indian populations of Zaprionus indianus. physically immersed in such media, they are required to

cope with short chain alcohols at various concentrations

(Hoffman, 1984; Chambers, 1988; David, 1988; Geer et
al., 1989). Z. indianus populations were found to exploit a variety of fermenting fruits in nature, and thus resembled D.
melanogaster. Since ADH is known to be involved in the utilization and detoxification of exogenous alcohols
(Chambers, 1988; David et al., 1986), the present studies were made to analyze the extent of ethanol tolerance in
geographic populations of Z. indianus.

The data on ethanol utilization, ethanol tolerance, as well as Adh” gene frequencies of five geographic populations
of Z. indianus are given in Table 1. The effect of ethanol vapors in a closed system on the longevity has been expressed
as LD, hrs. The south Indian population of Bangalore revealed minimum increase in longevity (48 hrs) as compared
with as‘fligher increase (264 hrs) in a Dehradun population when adult individuals were exposed to 4% ethanol. The
other three populations (Hyderabad, Bhopal and Chandigarh) revealed intermediate responses. A similar trend has
been reflected by LT, max./LT,, control data, i.e. the Z. indianus populations along the north-south axis varied in the
range of 0.8 to 5.28. The LC,, ethanol concentrations were calculated from the mortality curve at different ethanol
concentrations (Table 1). The LC,, values revealed clinal variations in the range of 4% to 8.5% ethanol, i.c. southern
populations depicted lower ethanofotolerance as compared with the northern populations. The data on larval ethanol
preference behavior towards a range of ethanol concentrations (1% to 15%) are given in Table 1. The larval individuals
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of species populations of Z. indianus revealed higher ethanol tolerance than those of adults, but the patterns of clinal
variation were found to be similar both for adult as well as larval stages.

The ethanol tolerance and allelic frequencies at the Adh locus in the Indian geographic populations of Z. indianus
revealed a clinal pattern, i.e. an increase in the frequency of AdhF alleles as well as ethanol tolerance with increasing
latitude (Figure 1). The ethanol tolerance levels were found to be parallel in both the larval and adult stages, thus,
suggesting that in nature the larval stage could be an effective target of natural selection. The statistical correlations
were found to be significantly high among larval as well as adult ethanol tolerance versus Adn" allelic frequency (Table
2).

Table 1. Data on ethanol tolerance indices (adult and larval ethanol thresheld concentrations), LC50 Table 2. Correlation coefficient (1) values between latitudes

ethanol concentration, increase in longevity (LD 50 hours and LT 59 maximum/LTsg control) and AdhF and biological variables (Adh-F frequency and ethanol
frequency in five natural populations of Z. indianus. tolerance) in populations of Zaprionus indianus.
Ethanol conc. LCso Increase in longevity at 4 % Parameter r-values
n <
) threshold values (in %) ethano! . ethanol cone. Allele Freq. Latitude versus Adh-F 974°
Populations conc. LTs0 max/ AdhF Latitude versus ethanol tolerance (adult) 928°
Aduit Larvae  (in %) LDsg hrs LTsp contro! Latitude versus ethanol tolerance (larvae) 929°
Chandigarh 8.0 10.6 7.6 192 3.0 052 Ethanol tolerance (adult) versus Adh-F 844°
(30° . 43'N) Ethanol tolerance (farval) versus Adh-F 827"
Dehradun 88 12.7 85 264 528 0.48 Ethanol tolerance, adult versus larval .988*
(30° . 19'N)
Bhopal 47 74 6.6 101 1.40 045 *Significant at 5% level.
(23° . 16'N)
Hyderabad 42 6.0 6.0 72 1.06 0.40
(17° . 20'N)
Bangalore 38 56 4.0 48 08 0.34
(12° . 58'N)
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The present observations on clinal variation at the Adh locus in Z. indianus validate and support the hypothesis that
occurrences of parallel or complementary latitudinal clines among different colonizing drosophilids, as well as across
continents, provide strong evidence of natural selection maintaining such allozymic variation (Jones, 1980; Lemeunier ef
al., 1986; Chambers, 1988). The geographic populations of Z. indianus revealed significant genetic divergence in their
potential to utilize ethanol. The adult longevity periods were found to increase significantly at 1% to 4% for south
Indian populations and 1% to 8% for north Indian populations of Z. indianus. The ethanol threshold values were found
to vary clinally in the range of 3.8% to 8.8% in case of adults and 5.6% to 12.7% for larvae in the geographic populations
of Z. indianus from south to north localities. The LC,, values revealed clinal variation in the range of 4% to 8.5%
ethanol, i.e. southern populations depicted lower ethants)? tolerance as compared with the northern populations. The
larval individuals of Z. indianus populations revealed higher ethanol tolerance than those of adults, but the pattern of
clinal variation was found to be similar for both the adult and larval stages. The ethanol utilization indices, as well as
ethanol tolerance threshold values, in larval and adult individuals were found to vary latitudinally in different Indian
populations of Z. indianus.

References: Chambers, G.K. 1988, Advances in Genetics 25:39; David, J.R. 1988, In: Population Genetics and
Evolution (G. DeJong, ed.), pp. 163-172, Berlin: Springer-Verlag; David, J.R., H, Mercot, P. Capy, S.F. McEvey and J.
Van Herrewege 1986, Genet. Sel. Evol. 18:405; Geer, B.W., P.W. Heinstra, AM. Kapoun and A. Van Der Zel 1989, In:
Ecological and Evolutionary Genetics of Drosophila (J.S.F. Barker and W.T. Starmer, eds.), pp. 231-252, New York:
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Lemeunier, F., J.R. David, L. Tsacas and M. Ashburner 1986, In: The Genetics and Biology of Drosophila, Vol. 3e, (M.
Ashburner, H.L. Carson and J.N. Thompson, jr., eds.), pp. 147-256, London: Academic Press.

Yadav, J.P, and R, Parkash. M.D. University, Rohtak, Electrophoretic analysis of genetic structure of
India. Esterase variability in Zaprionus indianus some colonizing species had helped in elucidating the
populations. genetic potential for colonizing as well as in

understanding biogeographical origin of such species

(Endler, 1986). However, such studies have not been
attempted on the colonizing drosophilids of the Indian subcontinent. Zaprionus indianus constitutes one of the most
successful colonizing species of the Indian subcontinent. It had been argued that the genus Zaprionus evolved from
close to the immigrans species group radiation and that various Zaprionus species might have originated in the
Afro-tropical continent and later on colonized other tropical continents such as India (Throckmorton, 1975; Tsacas et
al., 1981). The present studies were made to analyze the extent of genic divergence at esterase loci in colonizing
populations of Z. indianus collected from twelve latitudinally varying sites from the Indian subcontinent.

Figure 1. Starch gel electrophoretic
patterns of polymorphic esterases in
homogenates of single individuals of
Zaprionus indianus. Electrophoretic
data on segregation behavior of esterase
banding patterns in parents and
progenies of genetic crosses for different
populations are shown in A to C. The
starch gel electropherograms (D to I)
depict esterase polymorphisms in
isofemale lines derived from natural
population samples. Est-1 and Est-2
zones are characterized by single and
triplet bands of varying mobilities while
other zones depict single bands and
two-banded patterns. Three esterase
zones (Est-1, Est-3 and Est-7) are often . .o
represented by low intensity bands as ‘tl.g
compared to other EST zones. The e
origin as well as direction of migration of
esterases (from cathode to anode) have
been shown in all the gels.

Gel slices stained for esterases have revealed seven polymorphic zones of activity. The electrophoretic phenotypes
of different esterase zones have been depicted in Figure 1. The data on the distribution of allelic frequencies of esterase
polymorphic loci in twelve natural populations of Z. indianus have been given in Table 1. All seven polymorphic
esterase loci revealed significant variation in allelic frequency in the geographical populations of Z. indianus. The
esterase-1 locus showed two common alleles in south Indian populations and one frequent and one rare allele in
northern populations. The Est-2 locus revealed two common alleles in all the geographical populations in addition to
one or two rare alleles. Three esterase loci (Est-3, Est-4, and Est-6) depicted two common alleles in all of the
populations. Est-5 and Est-7 loci revealed one common and one rare allele in the southern populations while the
northern populations showed two common alleles. In order to find out the relationship between changes in gene
frequcnmes and latitude, correlation coefficients (r) were calculated and are given in Table 2. The frequencies of Est-1 1,
Est-25, Est-3°, Est4>, Est-SS Est-65, Est-75 showed positive correlations with the latitude. Thus, significant clmal
variation patterns were observed at all of the Est loci except Est-2.

The twelve populations of Z. indignus sampled along the 22° latitudinal (north-south) axis of the Indian
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subcontinent differ in their ecogeographic conditions, such as extent of precipitation, day length, temperature, and
humidity. Various geographical populations of Z. indianus do experience gene flow and are adapted to local
ecogeographic factors. The southern populations of Z. indianus have revealed significant allelic frequency differences at
all seven Est loci when compared with the northern populations. Since the genetic background of the different Indian
colonizing populations of Z. indianus could be assumed to be similar, the observed genic divergence at seven Est loci
might be due to the geographic environmental gradient along the north-south axis of this country. Since gene flow is
expected to influence allelic frequency changes in an identical manner at all the esterase polymorphic loci, the observed
patterns of geographic differentiation in Z. indianus can not be explained on the basis of gene flow (Wills, 1980; Spiess,
1989).

Table 1. Data on the distribution of allelic frequencies at various polymorphic esterases loci in twelve natural popuiations of Zaprionus indianus.

Locus  Alleles Emakulam Bangalore Tirumula Hyderabad Nagpur Bhopal  Jaipur  Rohtak Roorkee Dehradun Chandigarh  Jammu
10° 12°58N  13°40'N  17°20'N  21°09'N 23°.16'N 26°55N 28°94'N 29°52'N  30°.19'N 30°43'N__ 32°.74'N

EST-1 F 71 77 79 .76 74 .78 83 .90 92 93 92 .85
S .29 23 21 24 26 22 A7 10 08 07 08 .05
N 57 55 63 72 96 72 84 68 88 86 80 83
EST2 F - —_ — — - - —_ .02 .04 .03 .08 —_
F .81 57 .63 .67 64 66 58 .48 47 49 44 .39
M — 07 RA .04 .05 - 02 .06 09 05 A2 19
S .39 36 26 29 31 34 40 42 .38 43 38 .38
S -— -_ - —_ — —_ —_ .02 02 - .03 .04
N 57 86 64 76 80 57 72 113 88 86 80 83
EST-3 F .82 .78 .79 72 .80 74 .70 .65 67 68 61 .60
S 18 22 21 28 .20 26 30 35 33 32 39 40
N 44 56 78 60 70 57 50 54 88 86 80 83
EST4 F 67 68 .70 65 .66 68 71 .73 75 .78 76 77
S 33 32 .30 35 34 32 29 27 25 22 24 23
N 57 66 60 76 72 57 50 54 88 86 80 83
EST-5 F 1.0 92 .93 87 77 75 65 59 57 60 56 .54
S - 08 .07 13 23 25 35 41 43 40 44 .46
N 57 64 42 69 65 57 60 68 88 86 80 83
EST-6 F 65 68 .66 .60 55 53 50 48 46 44 42 40
S 35 32 34 .40 45 a7 50 52 54 56 .58 .60
N 57 64 60 69 65 57 60 68 88 88 80 83
EST-7 F 1.0 97 1.0 .96 92 91 88 .86 85 .83 84 .81
S —_ 03 — .04 .08 09 A2 14 15 A7 16 A9
N 57 60 60 70 65 57 60 68 88 86 80 83
F.F,M,Sand & represent faster, fast, medium, slow and slower electromorphs respectively. N = sample size.
Table 2. Latitudinal correlation(r) of esterase alielic frequencies in Z. indianus poputations.
Est1” Est2> Est35 Estd Est§5 Est65 Eot7> The observed patterns of latitudinal clinal
r- values 89° 55 89° 81" 9 98 .98° variation at the seven Est loci in Indian populations
~ Signicant ai 5% level of Z. indianus could be explained on the basis of

natural selection mechanisms. The occurrence of

equilibrium clines results from the action of natural
selection that causes clinal variation in gene frequencies along a continuously varying environmental gradient (Endler,
1986). The steepness of such clinal variation depends upon the range of environmental gradient. The observed
latitudinal clines and gene frequency changes at all the esterase loci in Indian populations of Z. indianus revealed
statistically significant correlations with latitude. Thus, it may be argued that observed geographical variation at Est
allozymic loci seem to represent equilibrium or adaptive gene clines under the dictates of spatially varying natural
selective pressures (Singh and Rhomberg, 1987; Jiang et al., 1989; Spiess, 1989).

References: Endler, J.A. 1986, Natural Selection in the Wild, N.J.: Princeton University Press; Throckmorton, L.H.
1975, The phylogeny, ecology and geography of Drosophila, In; Handbook of Genetics, pp. 421-469, R.C. King (ed.), New
York: Plenum Press; Tsacas, L., D. Lachaise and J.R. David 1981, In: The Genetics and Biology of Drosophila, pp. 1-97,
M. Ashburner, H.L. Carson and J.N. Thompson, jr. (eds.), New York: Academic Press; Wills, C. 1981, Genetic
Variability, Oxford: Clarendon Press; Singh, R.S. and L.R. Rhomberg 1987, Genetics 117:255-271; Jiang, C., J.B. Gibson
and H. Chen 1989, Heredity 62:193-198.
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Parkash, R,, Indu Sharma and Neena. Biosciences
Department, M.D. University, Rohtak, India. Enzyme
polymorphism in Drosophila melanogaster.

Several investigations have been made on the
electrophoretic analysis of the cosmopolitan sibling
species D. melanogaster and D. simulans populations
from various temperate regions of the world (Girard et
al., 1977; Singh et al., 1982). On the contrary, there are
no reports on the electrophoretic analysis of genic variations occurring in D. melanogaster populations of the Indian
subcontinent. The present report describes the patterns of genic variations for seven gene-enzyme systems in wild
populations of D. melanogaster.

Table 1. Data on distribution of observed and expected genotypes, sample size, allelic frequencies, heterozygosities (observed / expected), effective

number of alleles (ng), Wright's coefficients (f) and G-values for fit to Hardy-Weinberg expectations at seven polymorphic loci in a wild population of
Drosophila melanogaster.

Observed / expected genotypes Sample __ Allelic frequency Heterozygosity
SS FF FS Size S F obs./ exp. Ng f G-values
APH-3 8.0/11.36 38.0/41.31 50.0/43.33 96 34 66 52/.45 1.82 -0.15 2.36
EST-6 98.0/95.4 50/213 23.0/285 126 87 13 .18/7.23 1.30 0.19 4.00*
ADH 8.0/7.30 60.0/59.14 40.0/41.56 108 26 74 37/.38 1.62 0.03 0.14
ODH 140/6.48 93.0/85.44 32.0/47.08 139 216 .784 23/.34 1.51 0.32 12.62*
AO 70/249 98.0/93.93 22.0/30.58 127 14 .86 A77.24 1.31 0.28 8.29*
«-GPDH 100/8.12 75.0/73.13 45.0/48.75 130 25 75 34737 1.57 0.08 0.83
MDH-1 96.0/96.87 0.0/055 16.0/14.58 112 93 07 14713 1.14 -0.07 124
* Significant at 5% level
Table 2. Comparison of data on the allelic frequencies at seven polymorphic loci in D. mefanogaster populations.
EST-6 APH-3 ADH «-GPDH ODH AQ MDH
Populations™ F K] F S F S F S F S F S F S
1. Canada (Hamilton) 054 046 1.0 — 0.76 024 0.81 0.19 093 007 089 011 — 1.0
(43.3° N)
2. US.A (Texas) 064 0.36 098 002 014 086 068 0.32 062 038 0.50 .- - 1.0
(25.8° N)
3. West Africa 063 0.37 098 002 003 097 1.0 — 087 0.13 . 0.57 014 0.86
( 6.3°N)
4. Vietnam 077 023 094 0.06 1.0 —_ 077 023 1.0 — 077 023 - 1.0
(11°N)
j 073 027 066 034 074 026 075 025 078 022 08 0.14 007 093
(28.94° N)

* Data on poputation 1 to 4 befongs to Singh et al. (1982)6 while population 5 refers to the present study. F & S refer to fast and slow electromorphs / allozymes or allelic
variants. ** refer to many other alleles at this locus.

:".\ LB | -]z
- = - Figure 1. Schematic representation of electrophoretic
- -] - - — Phe:notypes of seven gene-enzyme systems in single
R — - - individuals of Drosophila melanogaster. Single-banded and
—— three-banded phenotypes (4PH, MDH, AO and ODH)
o ACPH oon | EEEN,D: | wem wmm w5 represent homozygous and heterozygous genotypes,
* — | ) respectively. Two-banded ADH and alpha-GPDH
- -2  —— [ —" phenotypes represent homozygous genotypes. Arrow
e = — indicates the direction of current flow.
- - — - ¢
ST 1L
o MODH A0 <-GPDH EST

Electrophoretic phenotypes of seven gene-enzyme systems in single individuals of D. melanogaster have been
represented in Figure 1. The data on the distribution of enzyme genotypes, allelic frequencies, observed and expected

heterozygosity, Wright’s coefficient (F), and log-likelihood

X* test for fit to Hardy-Weinberg expectations at the seven

loci are given in Table 1. The range of heterozygosities observed at the various loci correlate well with the incidence of
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number as well as allelic frequency distribution patterns. The positive and negative values of the Wright’s index (F)
indicate deficiency and excess of heterozygotes, respectively. Data in Table 1 reveal that the population deviates from
Hardy-Weinberg equilibrium at Est-6, Odh and AO loci. Electrophoretic analysis of the Mdh locus in D. melanogaster
has revealed the occurrence of one most common allele (0.93) and one rare allele (0.07), while each of the other six loci
are represented by two frequent alleles.

The incidence of the frequent allele at most of the polymorphic loci is also in agreement with other studies, but the
allelic frequency patterns are not in agreement with those of the populations of temperate regions (Table 2). Such
differences in allelic frequency patterns at some loci (4dh and alpha-Gpdh) could be argued on the basis of earlier
reported evidence of the action of temperature as an agent of natural selection (Oakeshott et al., 1982; Alahiotis et al.,
1977). The observed low level of genic polymorphism at the Mdh locus concurs with the functional constraint hypothesis
that the glucose metabolizing enzymes which are involved in crucial metabolizing pathways are least variant when
compared to non-glucose-metabolizing enzymes (Harris and Hopkinson, 1976; Ferguson, 1980). Present studies need
to be extended to several ecogeographical populations of D. melanogaster.

References: Girard, P., L. Palabost and C. Petit 1977, Biochem. Genet. 15:589; Singh, R.S., D.A. Hickey and J.R.
David 1982, Genetics 101:235; Harris, H. and D.A. Hopkinson 1976, Handbook of Enzyme Electrophoresis in Human
Genetics, Amsterdam: North Holland; Ferguson, A. 1980, Biochemical Systematics and Evolution, New York: Wiley;
Oakeshott, J.G., J.B. Gibson, P.R. Anderson, W.R. Knibb, D.G. Anderson and G.K. Chambers 1982, Evolution 36:86;
Alahiotis, S., S. Miller and E. Berger 1977, Nature 269:144.

Parkash, R., Neena and Indu Sharma. Biosciences The multifunctional esterases constitute an
Department, M.D. University, Rohtak, India. Esterase important gene-enzyme system and are known to
polymorphism in some Drosophila species. regulate a variety of tissue functions although their

indigenous substrates are largely unknown. The data on

genetic polymorphism at esterase coding loci are avail-
able for several organisms, but there is little information on the degree and patterns of esterase polymorphism in
Drosophila species of the Indian subcontinent. The aim of the present report is to examine the extent of genetic
variation at esterase coding loci in six Drosophila species. Electrophoretic phenotypes of esterases (E.C. 3.1.3.1) in six
Drosophila species are represented in Figure 1.  Species specific esterase patterns comprise segregating and
nonsegregating zones of activities. Esterase bands of a nonsegregating (nonvariant) zone do not involve any mobility
difference and appear in all individuals of a species. Segregating esterase zones are characterized by alternating single
bands (of faster and slower mobility) and two-banded patterns. The esterase banding patterns of parents and progeny of
several species-specific genetic crosses reveal that the segregating zones are under the control of distinct loci. The
patterns of esterases in D. takahashii and D. nepalensis seem to be homologous since both these species have depicted
similarities in the number, intensity and electrophoretic mobility values of all the seven esterase zones (Figure 1).
Likewise, the esterase profiles of three species of the ananassae species subgroup (D. malerkotliana, D. bipectinata and

Table 1. Observed and expected esterase (Est } genotypes, allelic frequencies, heterozygosity, Wright's inbreeding coetficient (f), effective number of
alfeles {ng) and application of log-likelihood x2 test (G-values) for Hardy-Weinberg expectations at polymorphic esterase loci in six Drosophila species.

Esterase genotypes (obs. /exp.) Sample __ Allelic frequency Heterozygosity

Species FF Ss FS Size F S Obs. / exp. f ng G-value
D. melanogaster

Est-6 6/13.39 48/55.21 69 / 54.39 123 0.33 0.67 0.56/0.44 0.44 1.79 9.19*
D. takahashii

Est-7 127109 66/655 52/535 130 0.29 0.71 0.40/0.41 0.02 1.70 0.17
D. nepalensis

Est-7 22/259 42/46.0 76/68.6 140 0.43 0.57 0.54/049 -0.10 1.96 0.74
D. malerkotiiana

Est-1 3473413 12/118 40/ 401 86 0.63 0.37 0.46/0.47 0.002 1.87 0.03

Est-4 2472217 20/189 38/41.0 82 052 0.48 0.46/0.50 0.07 20 12

Est-5 347331 14/124 38/40.5 86 0.62 0.38 0.44/047 0.06 19 0.38
D. bipectinata

Est-1 51/473 157114 39/470 105 067 0.33 0.37/0.41 0.09 17 1.77

Est-4 51/415 26/160 31/50.9 108 0.62 0.38 0.29/047 0.38 1.89 15.49"

Est-5 24/235 15/145 36/370 75 0.56 0.44 0.48/0.50 0.03 1.97 0.05
D. ananassae

Est-1 35/377 10/13.0 50/44.3 95 063 0.37 0.53/0.47 -0.128 187 1.66

Est-2 16/129 52/488 44/50.3 112 0.34 0.66 0.39/045 0.124 1.81 1.69

Est-3 33/259 36/28.1 39/54.0 108 0.49 0.51 0.36/0.50 028 20 8.42*

* Significant at 5 percent level.
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D. ananassae) have revealed striking similarities on the basis of electrophoretic migration, substrate specificity and
staining intensities of all the five esterase zones (Figure 1). Thus, the esterase electrophoretic phenotypes of closely
related species of a Drosophila species subgroup have revealed homology relationships.

The data on distribution of esterase genotypes, allelic frequencies, observed and expected heterozygosity, Wright’s
inbreeding coefficient (F) and log-likelihood X test for fit to Hardy-Weinberg expectations at polymorphic esterase
zones in six Drosophila species are given in Table 1. The range of heterozygosities observed at most of the esterase loci
correlate with the allelic frequency distribution patterns (Table 1). The species-specific population samples did not
reveal the occurrence of null or rare alleles. The lower F values at most of the species-specific polymorphic esterase loci
(except Est-3 in D. ananassae) indicate that the populations are randomly mating. Data in Table 1 reveal that there are
deviations from Hardy-Weinberg equilibrium, as well as excess homozygotes at the Est-6 locus in D. melanogaster and
the Est-3 locus in D. ananassae. All the polymorphic esterase loci depict diallelic variation patterns. Except D.
melanogaster, the polymorphic Est loci are represented by two common alleles. Polymorphic Est loci in four Drosophila
species (D. takahashii, D. nepalensis, D. malerkotliana, and D. bipectinata) have revealed fit to Hardy-Weinberg
expectations.

Electrophoretic analysis of esterases in six Drosophila species has revealed that species-specific esterases are coded
by polymorphic, as well as, monomorphic Est loci. Since esterases are known to regulate a variety of tissue functions,
such as reproduction, juvenile hormone metabolism and insecticide degradation, the observed species-specific esterase
heterogeneity seems to confer species adaptability to possible changes in the environment. A locus is considered
polymorphic if the frequency of the most common allele does not exceed 0.95, and accordingly all the variable Est loci
are truly polymorphic in the species analyzed. The observations of the genetic basis, subunit structure and the
occurrence of the most common allozymic variants at the Est-6 locus in D. melanogaster concur with those reported
earlier, but the allelic frequencies are not in agreement. The observed high levels of genic polymorphism at polymorphic
Est loci concur with the functional constraint hypothesis that the non-glucose-metabolizing enzymes are highly
polymorphic when compared with glucose-metabolizing enzymes. The observed diallelic frequency distribution patterns,
as well as species-specific population structures at the polymorphic Est loci, may be interpreted in terms of balancing
natural selection. The present studies need to be extended to several species-specific ecogeographical populations so as
to assess the role played by various evolutionary forces in the maintenance of genic diversity at the polymorphic esterase
loci.

Figure 1. Schematic -6 [ Tom E-7 [m wm Eq[_ p—

representation of hori- [ p—— - - am E-s[— - X
zontal starch gel g5l (o o0 o E6 [mu o o | “C[mm e ww = | E75 [
clectrophoretic pheno- . E-s Es E-4 [mm = _4

types of esterases in £ (o o [ o= = (= = [ = = !E_:_3 [
species-specific single = 7| [mm wm me E-l o | E% o o | [0 R [ e w
individual homogenates. E3p, E-3rme wm E-2 E-2

Homozygous and hetero- [ o ma £-2 —— E-Z[ = [ == = [ -
zygous Est genotypes are  E7| [mm sm ws| g4 [ v o [m = 0 [- - | E [
represented by single- A (o - El [mm wm - D - £ lo

band and two-band pat-
terns, respectively. The Est banding patterns of D. melanogaster served as marker stock. The species include: a.
Drosophila melanogaster; b. D. takahashii; c. D. nepalensis; d. D. malerkotliana and D. bipectinata; e. D. ananassae.
Arrow indicates the direction of current flow. The electrophoretic mobility of the species-specific esterase zones have
been represented as Rf values, i.e. distance travelled by an esterase band/zone divided by the distance travelled by the
bromophenol blue dye front.

Naseerulla, M.K, and S.N. Hegde. Department of Drosophila malerkotliana is a member of the
Studies in Zoology, University of Mysore, bipectinata complex of the ananassae subgroup of the
Manasagangotri, Mysore 570-006, India. A new melanogaster species group. The polytene chromosome
inversion in Drosophila malerkotliana from Varanasi, complement of this species contains four long autosomal
India. arms and two short X-chromosome arms (Bock, 1971).

Chromosomal polymorphism in D. malerkotliana
has been studied by Bock (1971) and Jha and Rahman
(1972). Bock (1971) has reported four autosomal inversions, while Jha and Rahman (1972) have reported five. No X-
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chromosome inversions were detected.

In this report we describe a new paracentric inversion heterozygote in D. malerkotliana population from Varanasi,
Uttar Pradesh, India. Comparison with the reference map of salivary gland chromosomes of D. malerkotliana
constructed by Jha and Rahman (1972) shows that the new inversion lies between the regions 38 to 43 of the left arm of
the second chromosome and involves about 16% of the euchromatic length of the arm. This new inversion has been
named IIL ., the microphotograph of which is shown in Figure 1 and the location depicted in Figure 2.

Figure 1.

Microphotographs of the IIL inversion
heterozygote.

Figure 2. The location of the IIL . inversion.
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On chromosome IIL, Bock (1971) has reported two inversions, one median in position and another in the regions
between 26 to 46. Jha and Rahman (1972) have detected two inversions, namely ITL,, which is subterminal in position
extending from region 22 to 29, and IIL , extending from region 39 to 46. Therefore, the new inversion IIL ., which lies
between the regions 38 to 43, is a smaller one compared to the inversions on IIL reported by Bock (1971) and Jha and
Rahman (1972).

Acknowledgments:  Authors are highly thankful to the Chairman, Department of Studies in Zoology,
Manasagangotri, Mysore, for facilities; to Dr. S.R. Ramesh, Department of Studies in Zoology, Manasagangotri,
Mysore, for help in identifying the new gene arrangement and to UGC for financial assistance.

References: Bock, LR. 1971, Chromosoma 34:206-229; Jha, A.P. and SM.Z. Rahman 1972, Chromosoma
37:445-454.

Naseerulla, M.K. and S.N, Hegde. Department of
Studies in Zoology, University of Mysore,

In recent years extensive studies have been made
on enzyme polymorphism. The analysis of such

Manasagangotri, Mysore-570 006, India. Microclimatic
variations at two enzyme loci in Drosophila
malerkotliana and Drosophila bipectinata.

polymorphisms either in Drosophila or any other species
of organisms has a major relevance to our understanding
the pattern of genetic diversity. Since information on

molecular differentiation of isozymes as related to

variable microclimatic conditions is wanting, an attempt

is made to compare populations from microclimatic regions of each of D. malerkotliana and D. bipectinata with regard

to electrophoretic variation in two enzymes, alkaline phosphatase (Aph) and glucose 6-phosphate dehydrogenase
(G6-PD).

A total of four populations of D. malerkotliana and four of D. bipectinata have been used in the present study. The

collection localities of both the species are Mysore Airport (8 km south of Mysore), Bogadi (8 km west of Mysore),
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Krishnarajasagar (19 km northwest of Mysore) and Srirangapatna (16 km north of Mysore). The wild caught males
were immediately utilised for isozyme analysis while wild caught females were kept individually in food vials to build up
isofemale lines. Equal number of males and females from each of the isofemale line were used for the present study,
and all individuals of a single isofemale line were considered as a single genome from nature.

Polyacrylamide gel slabs were prepared using solutions made as described by Davis (1964). Electrophoresis was
carried out at 4°C for 2 h with 80 volts and 3 h with 100 volts for Aph and G6-PD, respectively. Staining procedures
adapted were of Ayala ef al. (1972) and Gillespie and Kojima (1968) for Aph and G6-PD, respectively.

Number of loci present in each population and the number of alleles present in each locus were estimated
following the procedure of Hegde and Krishnamurthy (1982-83). Allelic frequencies at different loci were calculated
following Ayala et al. (1972), and heterozygosity per individual (H) was calculated using the formula of Singh and
Coulthart (1982). Heterogeneity in allelic frequencies was calculated using G-statistics (Sokal and Rohlf, 1981).

Table 1. Allelic frequencies at Aph-locus in various populations of D. malerkotliana and D. bipectinata.

Total number ot Allelic frequencies Heterozygosity
Species Population individuals sampled Null 0.85 0.90 0.95 1.00 _per individual
D. malerkotliana  Mysore Airport 80 - 0.186 0.053 0.300 0.460 0.662
Bogadi 100 0.015 0.240 0.090 0.130 0.525 0.641
Krishnarajasagar 75 - 0.162 0.122 0.304 0.412 0.697
Srirangapatna 30 — 0.260 0.100 0.140 0.500 0.580
Average 71.25 £ 12.790 0.003 +0.003 0212+0.019 0.091 £0.125 0.218 +0.042 0.474 £ 0.021 0.645 + 0.021
G-value 2.06 0.17 12.90* 31.74* 88.05" 122.17*
D. bipectinata Mysore Airport 59 — 0.292 0.215 0.185 0.308 0.740
Bogadi 55 0.064 0.282 0.073 0.173 0.408 0.864
Krishnarajasagar 55 0.027 0.309 0.127 0.027 0.508 0.629
Srirangapatna 30 0.043 0.400 0.043 0.086 0.428 0.648
Average 49.75 + 5.760 0.003 £0.012 0.321 £ 0.023 0.114 £0.033 0.118 £0.032 0.413 £ 0.036 0.719 £ 0.047
G-value 5.42 1.00 4.98 10.28" 2.46 036

"p<005

Table 2. Allelic frequencies at G6-PD locus in various populations of D. maferkotfiana and D. bipectinata.

Total number of Allelic frequencies Heterozygosity
Species Population individuals sampled 1.00 1.08 Null per individual
D. malerkotliana  Mysore Airport 50 0.500 0.480 0.020 0.519
Bogadi 105 0.505 0.438 0.057 0.550
Krishnarajasagar 70 0.500 0.500 — 0.500
Srirangapatna 50 0.500 0.500 - 0.500
Average 68.75 £ 11.230 0.501 + 0.001 0.479+0.013 0.019+0.414 0517 +0.010
G-value* 1.06 1.95 6.41 1.67
D. bipectinata Mysore Airport 45 0.500 0.490 0.010 0.510
Bogadi 55 0.500 0.482 0.018 0.518
Krishnarajasagar 45 0.500 0.500 — 0.500
Srirangapatna 50 0.500 0.470 0.030 0.528
Average 48.75 +2.073 0.500 + 0.000 0.486 + 0.005 0.015 + 0.005 0514 +0.005
G-value* 3.86 5.74 2.10 5.89

* G-value not significant at 5 % level.

The number of individuals sampled from each population, different alleles present at each locus, their frequencies
in the population, heterozygosity per individual, and G-values are given in Tables 1 and 2.

In D. malerkotliana the allelic frequencies at the Aph locus showed significant variation (at 5% level) between
different populations analysed for the alleles Apho'90 (G = 12.90), Apho'% (G = 31.74) and Aphl'm (G = 88.05) and
also for heterozygosity per individual (G = 122.17) while in D. bipectinata only the Apho'95 allele showed significant
interpopulation variation (G = 10.28; Table 1).

In both D. malerkotliana and D. bipectinata, though there were differences in allelic frequencies and heterozygosity
per individual for G6-PD, they were all insignificant (Table 2).

There were four alleles for Aph (the hydrolytic enzyme) and only two for G6-PD (the glycolytic enzyme) in both D.
malerkotliana and D. bipectinata. Kojima et al. (1970) have suggested that since the hydrolytic enzymes act on substrates
which come directly from the external environment, the substrate environment of these enzymes is highly
heterogeneous, and this heterogeneity of the substrates maintains a high level of allelic variation. On the other hand the
enzymes of the glycolytic pathway are specific and hence less variable. Selection is weak against variation in the
hydrolytic enzymes while it is more stringent against variation in the glycolytic enzymes (Prakash, 1977). According to
Yang et al. (1972) there is a positive correlation between the number of alleles which occur in a species and the
probability of there being interpopulation differences. Hence our results agree with Kojima et al. (1970), Prakash
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(1977), Yang et al. (1972) and several other workers.

The populations analysed were from areas surrounding Mysore city, all situated within a radius of 25 km. There is
no physical barrier as such between these populations. In addition, the macroclimatic factors like temperature, rainfall,
humidity and altitude are the same for these localities. In spite of these similarities, there was a statistically significant
difference in the frequency of the Aph enzyme in both the species under study. According to Reddy (1973), populations
of a species are kept adapted to their environments and always preserve a high plasticity which enables them to respond
to changes in the microenvironmental factors. Similar observations, but with regard to chromosomal variations, have
been made by Dobzhansky (1947), Nirmala (1973), Singh and Das (1990) and other workers. Hence, the differences in
the frequency of the Aph enzyme reflect the genetic differentiation in order to adapt to ambient microhabitats.

Acknowledgments: Authors are thankful to the Chairman, Department of Studies in Zoology, Manasagangotri,
Mysore for facilities and MKN is grateful to UGC for financial assistance.
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Alahiotis, Stamatis N. Department of Biology, In a recent paper published by Naveira (1991) the
University of Patras, Patras, Greece. On the successful construction of F, fertile hybrids between D.
interspecific hybridization between Drosophila mauritiana females and D. simulans (and D.
melanogaster sibling species. melanogaster) males, even in its extremely rare fashion

(Goulielmos and Alahiotis, 1988) is disputed. According
to Naveira this situation is questionable because "the
homogenates analyzed (for electrophoretic studies) were groups of flies rather than single flies".

Based on this criticism we have to underline that:

We use three species-diagnostic genes (located on the three major chromosomes, X, 2nd, 3rd), for
6-Phosphogluconate dehydrogenase (6-Pgd), alcohol dehydrogenase (4dh) and aldehyde oxidase (Aldox). A strong
criterion to verify the hybrid status is to reveal in the same hybrid, within the same generation, electromorphs from
different (parental) species. For the investigation of this situation, it is valid to use coelectrophoresis of one fly from
each species and hybrid; and this was done in our study. In each coelectrophoretic experiment referred to in our paper
(Goulielmos and Alahiotis, 1988) we used one fly. For example, when we denote "coelectrophoresis between D.
mauritiana and Masi" we mean electrophoresis of a sample (channel) constituted with one D. mauritiana fly and one
Masi fly. This has to become clear. Thus, the coexistence in each Masi fly of the D. mauritiana 6-Pgd, the D. simulans
(or D. mauritiana) Adh and the D. simulans Aldox electromorphs is a very strong verification of its interspecific hybrid
status. An analogous situation also stands for Masi-2. It is obvious that such data cannot be attributed to a
contamination scenario.

On the other hand the various unexpected abnormalities and irregularities in several electromorphs of ADH, the
shift of the ALDOX and ADH isozymes (something which could be due to modification factor(s)), the three (instead of
two) banded 6-PGD electromorphs revealed in only five females originating from the backcross of D. mauritiana males
with females from the cross female Masi X Mame male (those three bands corresponded to three species) strongly
support situations which have been observed in interspecific hybrids (e.g., Phillipp et al., 1983; Dickinson, 1980).

Further data from the study of Masi, Masi-2 and Mame hybrids have been published by Kilias, Goulielmos and
Alahiotis (1989); Karvountzi, Goulielmos, Kalpaxis and Alahiotis (1989) and Alahiotis (1987) give additional evidences
supporting their hybrid status. These data have not been into consideration by Naveira (1991). Thus, it was found that
for various fitness components (fecundity, fertility, viability, developmental time, sex ratio, oviposition rhythm), each
parental species (D. melanogaster, D. simulans, D. mauritiana) and hybrid (Masi, Masi-2, Mame) exhibit characteristic
values (for each component). In many cases the hybrids did not exhibit intermediate values, compared with their
parental species. For example, in terms of the eggs produced per fly (fecundity) the corresponding values for D.
mauritiana, D. simulans and Masi are: 18.68 + 2.34, 1691 + 3.68 and 10.92 + 2.75, while these values for fertility
(hatched eggs per fly) are 15.6 + 1.65, 16.19 + 3.86 and 9.27 + 2.62, respectively (Kilias et al., 1989). In relation to the
sex ratio the normal analogy 1:1 for the parental species departs significantly (female > male; p > 0.01) for all hybrids
while in crosses involving Masi and Mame extreme deviations (2:1, 4:1) have been observed, even 30 generations after
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their origin (Gouliclmos and Alahiotis, 1988; Kilias et al., 1989).

Additional data based on kinetic and acclimation studies (Karvountzi et al., 1989) revealed characteristic behavior
of the hybrids and their parental species in terms of Lactate Dehydrogenase (LDH) and cytoplasmic and mitochondrial
Malate Dehydrogenase (cMDH, mMDH) specific activity and K values. Thus, the LDH specific activity (delta OD
min! mg pr- ) values for D. mauritiana, D. simulans and Masi are 32 + 15,12 + 0.5 and 20 + 1.1, respectively, while
the K malate values (mM) of mMDH are around 1 mM for the parental species and about 5 times higher in the Masi
(4.80 mM) at 14°C and ten times higher (9.75 mM) at 28°C.

Another criticism done by Naveira (1991) refers to no availability of the hybrids to other workers for further tests.
This is not true again, since they have been sent for other studies. For example, there are data showing the existence of
an extremely high number of virus-like particles in the nuclei of hybrid cells (unpublished data), something which is not
true for the parental species. For the time being an effort is made to identify these particles. On the other hand these
hybrids have been differentiated already and tend to turn to one parental species. For example, Masi-2 resembles now
D. simulans and Mame resembles D. melanogaster. Specific experiments dealing with enrichment of the hybrids’
genome with genome coming from their parents, 35 generations after the hybrid construction, showed: i) a linear
accumulation of the parental genome and ii) significant difference regarding this interaction with the two parents. For
example, the sample regression coefficient of Masi-2 is b = 3.85 for D. mauritiana and b = 6.62 for D. simulans. This is
the reason for which Masi-2 resembles to D. simulans and not to D. mauritiana. Gradual differentiation (with the
generations) of Masi-2 has also been revealed by scoring the percentage of successful matings of this hybrid with its
parental species. This behavior is also typical of interspecific hybrids.

All these data strongly support the hybrid status of Masi, masi-2 and Mame. As we had underlined (Gouliclmos
and Alabhiotis, 1988), the phenomenon is very rare and could be attributed possibly to the specific D. mauritiana strain
(stock number gif 163.1) we used. We do not declare that F, hybrids of D. mauritiana females and D. simulans males
are always fertile. We had described an exception which is vcry rare. We succeeded in producing such hybrids just two
times (or three when D. melanogaster is involved) in spite of extremely many efforts. Deviations from an expected
situation can happen. For example, the rate of hybridization between D. melanogaster females and D. simulans males
was found to be very high (2.90%) in one natural population (Gavros-Achaia-Greece, 1973) and very low (0.75%) in
another (Cephalonia-Greece, 1973). The differences found in the field were verified in the laboratory by crossing D.
melanogaster and D. simulans originating from the respective natural populations; the hybridization percentage was
found to be 42% (using 231 cultures) for the Gavros-Achaia collection and 6% (using 12 cultures) for the Cephalonia
collection (Alahiotis, 1978).

References: Alahiotis, S. 1978, Biologia Gallo-Hellenica 7(2): 265-273; Alahiotis, S.N., G. Goulielmos and G.E.
Kilias 1987, In Isozymes: Current Topics in Biological and Medical Research (eds. M.C. Rattazi, J.G. Scandalios and G.
Whitt), Alan Liss, New York, vol. 15, pp 153-177; Dickinson, W.J. 1980, Dev. Genet. 1: 229-240; Goulielmos, G.N. and
S.N. Alahiotis 1989, Genome 30: 146-154; Karvountzi, E., G.N. Goulielmos, D. Kalpaxis and S.N. Alahiotis 1989, J.
Thermal Biol. 14(2): 55-61; Kilias, G., G. Gouliclmos and S.N. Alahiotis 1989, Hereditas 110: 267-274; Naveira, H.F.
1992, Heredity 68: 211-217; Phillipp, D.P., M.R. Parker and G.S. Whitt 1983, In Isozymes: Current Topics in Biological
and Medical Research (eds. M.C. Rattazi, J.G. Scandalios and G. Whitt), Alan Liss, New York, vol. 10, pp 193-298.

Chatterjee, S. and B.N. Singh. Banaras Hindu The bipectinata species complex of the ananassae
University, Department of Zoology, Varanasi, India. subgroup of the melanogaster species group consists of
Variation in the male sex comb teeth number in four four closely related and morphologically similar species:
species of the Drosophila bipectinata complex. Drosophila bipectinata, D. malerkotliana, D.

parabipectinata and D. pseudoananassae which are
distributed in the Australian or Oriental biogeographic
zones. D. bipectinata is most widespread ranging from India to Fiji and Samoa in the Pacific and the other three are less
widespread (Bock and Wheeler 1972). Females of these four species are indistinguishable but males are distinguishable
with the help of the structure of sex combs and the abdominal colouration. However, abdominal colouration can not
distinguish all the species from each other. Interspecies hybridization among the members of the bipectinata complex
has been reported (Gupta 1973) and the degree of sexual isolation varies among the species (Bock 1978; Singh et al.
1981, 1982). Singh and Chatterjee (1992) found no evidence for character displacement for reproductive isolation
between D. bipectinata and D. malerkotliana.
The structure of sex combs in the males of all four species is depicted in Figure 1. Teeth are arranged singly or in
rows to form sex combs on the first and second tarsal segments of prothoracic legs. During the present study, a large
number of strains of these four species were used to know the variation in the number of sex comb teeth. In each strain,
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Table 1. Mean number of sex comb teeth in four species of
Drosophila bipectinata species complex.

Mean number

Species / strain of teeth + SE Range

D. malerkotliana

1. Varanasi (BHU) 6.48+0.11 4-9

2. Varanasi (UL) 7.28+0.09 5-9

3. Mirzapur 7.11+0.10 5-10

4. Nagaland 6.37 £ 0.11 4-11

5. Mysore 7.97+£0.12 6-11

6. Brazil 7.06£0.10 5-10 2 3 4
7. Baripada 6.2210.10 4-9

D. bipectinata

1. Varanasi (BHU) 14971014 11-19
2. Varanasi (UL) 13.86+0.15 11-19
3. Nepal 14.07+0.12 11-17
12.83=0.15 10-16

Figure 1. Male sex combs in four species of the bipectinata
complex. 1, D. bipectinata; 2, D. malerkotliana; 3, D.

4, Townsville, Australia

5. Baripada 1277013 9-17 Dparabipectinata; 4, D. pseudoananassae.
6. Mysore 13.821+0.17 10-19
D. parabipsectinata
1. Mysor 11.331£0.15 8-14
2. Cambodia 11.48+0.10 9-14
3. Indonesia 13.15+£0.13  10-17
4. Mauritius 13.59+0.15 10-19

D. pseudoananassae
1. Chiang Mai, Thailand
2. North Queensland, Australia

9.08+0.15 5-12
9.04+0.14 6-13

the number of sex comb teeth on right prothoracic leg was counted in 100 males and the mean number of teeth was
calculated. Table 1 shows the mean number of sex comb teeth and range of variation in different species. It is evident
that all the four species differ with respect to the number of sex comb teeth and there is intraspecies variation also.
Further, there is considerable individual variation in the number of teeth in all strains of the four species. In D.
malerkotliana, the number of teeth ranges from 4 to 11, D. bipectinata from 9 to 19, D. parabipectinata 8 to 19 and D.
pseudoananassae 5 to 13. This is consistent with polygenic inheritance of sex comb teeth in Drosophila as it has been
suggested by Crossley and Taylor (1985) based on mid parent value of sex comb teeth number in hybrids produced by
interspecific hybridization in the bipectinata complex.

Acknowledgments: The financial support in the form of Research Associateship of CSIR, New Delhi, to SC is
gratefully acknowledged.

References: Bock, LR. 1978, Aust. J. Biol. Sci. 31:197-208; Bock, L.R. and M.R. Wheeler 1972, Univ. Texas Publ.
7213:1-102; Crossley, S. and 1. Taylor 1985, Experientia 41:103-104; Gupta, J.P. 1973, Experientia 29:224-225; Singh,
B.N. and S. Chatterjee 1992, Genome 34:849-852; Singh, B.N., Y.N. Dwivedi and J.P. Gupta 1981, Ind. J. Exp. Biol.
19:898-900; Singh, B.N., O.P. Singh and J.P. Gupta 1982, Experientia 38:237.

Milanovié, M., G. Boji¢-Stamenkovi¢ and M.
Andjelkovié, University of Belgrade, Institute for
Biological Research, 11060 Beograd, 29. Novembra 142,
Yugoslavia.  Adaptive significance of amylase
polymorphism in Drosophila. IX. Alpha-amylase
structural gene polymorphism in Drosophila busckii.

Electrophoretic techniques have revolutionized the
status of empirical studies in population genetics,
systematics and evolutionary biology. Electrophoretic
banding patterns can be transformed into allelic and/or
non-allelic genetic variations used to describe the
genetic structure of natural populations (Maclntyre,

1986).

Natural populations of different Drosophila species
are usually polymorphic for the Amy structural gene coding for alpha-amylase (EC 3.2.1.1. alpha-1,4-glucan
-4-glicanohydrolase). Different degree of Amy polymorphism detected and a number of alleles or isozymes varied
between the species as well as between the populations within a species (Doane et al., 1975; Hickey, 1979; Doane et al.,
1987; Andjelkovicet al., 1987).

Drosophila busckii is the only known species of the subgenus Dorsilopha. The species is widely distributed in the
world and is found in associations with domestic habitats of man (i.c., on decaying materials especially those rich in
starch and glycogen, the two major alpha-amylase substrates). We have found it of interest to perform the studies on
gene-enzyme system of amylase in this species, since it has been poorly investigated so far. Using agar gel
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electrophoresis, Prakash (1973) found that amylase in D. busckii was monomorphic. In this paper we present an
electrophoretic survey of Amy structural gene polymorphism in two D. busckii natural populations.

The two natural populations of D. busckii have been sampled from Ub (30 km south from Belgrade) and from
Slanci (Belgrade suburb), respectively. The flies were grown on potato medium (Bojié-Stamenkovic et al., 1992) for one
generation before clectrophoresis. F, offspring of freshly sampled flies were studied. Adult flies were homogenized in
10 ul 5 mM Tris-acetate buffer pH 7.8. Continuous rod electrophoresis was performed using 7.5% acrylamide gel
(Hames, 1981), for 160 min at 4°C and 5.5 mA/gel. Under these conditions, the studied enzyme moves toward the
cathode. The identification of alpha-amylase on the gels was done by the amyloclastic method for qualitative
determination (Doane, 1967).

Table 1. Frequencies of Amy electromorph combinations in two

Analysis of the samples of D. busckii natural D. busckii natural populations

populations revealed four amylase electromorphs e
designated according to their electrophoretic mobility as VS Sianci Ub
(very slow), S (slow), F (fast) and VF (very fast). The Eloctromorphs 7 545 T o7
frequencies of different combinations of amylase SIvF s 920 2 o1
electromorphs found in the two populations are listed in FAF 51 354 44 326
Table 1. It can be seen that VS electromorph always o - o = e
appeared together with S, F and VF in the following e 7 049 : o%0
combinations: VS/S/F, VS/S/VF and VS/F/VF. The VSIF/VF — s 2 015
frequency of individuals with the given combinations was N 144 1.000 135 1.000

n = electromorph samples, p = electromorph frequency, N = Ties

very low (0-5%). Some minor accompanying bands were camplod

observed by Doane et al. (1975) for Amy electromorphs in

D. hydei. The same authors speculated that more anodal electromorphs might arise by deamidation of GLN and ASN
similar to human and chicken amylase (Karn and Malacinski, 1978). Thus, VS electromorphs observed in our
experiment could also be formed by deamidation. So, we presumed that only 3 amylase electromorphs in D. busckii can
be considered as a product of different alleles termed S, F and VF, according to their electromorph analogues
(Andjelkovi€ et al., 1987).

Analyses of different combinations of amylase electromorphs (alleles) in the two populations studied revealed a
high frequency of the S/F/VF genotype (26.4% and 40.7% in Slanci and Ub populations, respectively). Such a high
frequency of individuals with 3 alleles is very rare in Drosophila populations (Hickey, 1979; Andjelkovic et al., 1987).
Genotypes with more than two alleles could have evolved by Amy gene duplication, as demonstrated for some
Drosophila species (Dainou et al., 1987; Doane et al., 1987). Since the number of amylase electromorphs or alleles is a
poor indicator of Amy gene duplication, this conclusion calls for more precise evidence.

On the basis of our results it could be concluded that in D. busckii species Amy structural gene is polymorphic. In
contrast to our results Prakash (1973) found a monomorphic Amy structural gene in this Drosophila species. This
discrepancy could be explained by different electrophoretic conditions applied. The present paper provides only
preliminary data for further examinations of Amy locus in D. busckii at biochemical and genetical level, which are
currently in progress.

References: Andjelkovié, M. M. Milanovic and M. Stamenkovic-Radak 1987, Genetica 74: 161-171;
Bojic-Stamenkovié, G., M. Milanovi¢ and M. Andjelkovi¢ 1987, Dros. Inf. Serv. 71: 167-168; Dainou, O., LM. Cariou,
R.J. David and A.D. Hickey 1987, Heredity 59: 245-251; Doane, W.W. 1967, J. Exp. Zool. 164: 363-377; Doane, W.W., L.
Abraham, M.M. Kolar, R.E. Martenson and G.E. Deibler 1975, In: Isozymes: Current Topics Biol. Med. Res., vol. IV,
pp- 586-607; Doane, W.W., M.R. Gemmill, E.P. Schartz, A.S. Hawley and A.R. Norman 1987, In: Isozymes: Current
Topics Biol. Med. Res., vol. XIV, pp. 229-266; Hames, D.B. 1981, An introduction to polyacrylamide gel electrophoresis.
In: Gel electrophoresis of proteins - a practical approach., (eds. Hames, D.B. and D. Rickwood), pp. 1-93; Hickey, D.A.
1979, Genetica 51: 1-4; Karn, R.C. and G.M. Malacinski 1978, Advan. Comp. Physiol. Biochem., 7: 1-103; Maclntyre,
R.J. 1986, Molecular Evolutionary Genetics, Plenum, New York; Prakash, S. 1973, Genetics 75: 571-576.

Stark, W. .1, G. Brgwnl, D. Lo_dr_igml and J.P, We are pursuing interest in molecular evolution in
Carulli®. “Saint Louis University, St. Louis, MO USA. Drosophila species (Carulli et al., 1993; Carulli and
Harvard University, Boston, MA US.A, Visual Hartl, 1992; Neufeld et al., 1991) with electron
structure in a strain of Drosophila virilis which lacks R7. microscopy (EM) of the D. virilis compound eye.

Interestingly, a white eyed D. virilis stock lacks the R7
photoreceptor in every ommatidium, significant because
of long standing interest in development of R7 in mutants of Drosophila melanogaster (e.g., Cagen and Zipurski, 1992).
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We obtained this unusual white eyed D. virilis and a red eyed control from Bowling Green Stock Center. A white
eyed control strain which does have R7 (called Ds11w9) was obtained from Elena Lozovskaya in the laboratory of
Daniel L. Hartl, then at Washington University. For comparison, the well-studied (since Harris et al., 1976) sev (=
sevenless) mutant of D. melanogaster was also used. Transmission EM was done using our standard protocols (e.g.,
Stark and Sapp, 1987; Stark et al., 1988) with aldehyde prefix followed by osmium postfix. Dehydration, embedding,
sectioning and lead and uranium staining were as published. A JEOL model 1200 transmission EM (operated at 80 kV)
was used to view the specimens. Scanning EM (SEM) was performed on several specimens. Since the surfaces to be
viewed were cuticular, fixation was not necessary. Heads, dissected at the neck, were gradually dehydrated in a series of
30, 50, 70, 95, and 100% ethanols. After critical point drying (Ladd), heads were fixed to stubs with copper tape and
gold coated (Fullman EMS-76 Minicoater) and viewed on a JEOL model JSM-35 scanning EM.

The ultrastructure of the control D. virilis (having R7) is much like that of normal D. melanogaster (not shown).
The D. virilis strain which lack R7 is shown in the accompanying plate (Figure 1. A and C-F). Figure 1 A (calibration
bar = 100 um) is an SEM of a typical eye of D. virilis. Eye reductions down to bar shapes were occasionally observed,
but, in most eyes, there are irregularities (arrowheads), especially places where there are two hairs instead of one.
Because we thought this mutant might be homologous to sev D. melanogaster, where such surface abnormalities had not
been noted yet, we looked at sev. Figure 1 B (bar = 100 um) is an SEM of the eye of sev D. melanogaster showing the
same sort of irregularities (arrowheads) as in D. virilis. Flgure 1 C (bar = 1 um) is a distal cross section of the D. virilis
ommatidium at the level of R1-6 nuclei ( ) showing just six rhabdomeres. Multivesicular bodies (MVBs), involved in
membrane turnover in D. melanogaster (Stark et al., 1988), abound (in cells at the 5, 7 and 10 o’clock positions). Figure
1D (bar = 1 um) is a proximally sectioned ommatidium of the D. virilis strain which lacks R7. RS8 inserts from the 6
o’clock position. Conspicuously lacking is the axon of R7 which would be observed in this plane of section if R7 were
present. We note (one o’clock position) a curious "eye color pigment granule" such as those which invaginate from
secondary pigment cells into retinula cells in D. melanogaster (Stark and Sapp, 1988) and D. mauritiana (Stark et al.,
1989), despite the lack of eye color pigments in white-eyed flies. Figure 1 E (bar = 1 um) is a cross section of a
pseudocartridge just bencath the basement membrane in the lamina ganglionaris. This structure consists of
photoreceptor axons from one ommatidium before they branch to their individual destinations in the lamina and
medulla. There are 7 axons as had been reported for sev D. melanogaster (Stark and Carlson, 1985). In flies with all 8
retinula cells per ommatidium, the pseudocartridge has 8 axons (e.g., Stark and Carlson, 1983, 1985). Figure 1F (bar =
1 um) is a cross section of optic cartridges in the lamina ganglionaris showing two full cartridges (top, left and right) and
portions of several others (mainly at the bottom). Centered in each cartridge are the L cells, and their lucent processes
abound. Of intermediate electron density are the R cell terminals with the capitate projections serving as advertising
landmarks. Around and separating cartridges are the so-called (Trujillo-Cenoz and Melamed, 1966) "epithelial” glia of
high electron density. In the lamina, a fly with all 8 retinula cells would show R7/8 axons passing as a pair through the
glia on their way to their synaptic destinations in the medulla (e.g., Stark and Carlson, 1983, 1985). By contrast only one
axon, that of RS, is seen at this site (Figure 1 F, arrowheads), as had been noted earlier for sev D. melanogaster (Stark
and Carlson, 1985).

We want to determine the gene mutation causing the lack of R7. Three well studied genes in D. melanogaster have
mutations leading to absence of R7 cells: sev (see above), bride of sevenless (boss) and seven in absentia (sina) (e.g.,
Basler and Hafen, 1991; Rubin, 1992). A simple Mendelian cross showed that it is X-linked (as it is in D. melanogaster,
Harris et al., 1976); sev is the only one of the three known to be X-linked in D. virilis (Lozovskaya et al., 1993;
Ashburner, 1989). Thus, our D. virilis mutant could be sev. Preliminary Northern analysis suggests that sev is expressed
at a higher level in our mutant than in controls as probed with D. virilis sev. This may or may not contradict the
suggestion that the mutant could be sev. Genes other than sev, boss and sina may be mutant, and further work is
needed.

Acknowledgments: Supported by NIH grant EY(7192 and NSF grant BNS 88 11062 to WSS and NIH pre-doctoral
Training Grant EY(07108 to JPC. Part of the cost of maintaining the EM facility was defrayed by the University of
Missouri - Columbia Ophthalmology Department’s Research to Prevent Blindness grant, and we thank Michael
Norberg, the EM supervisor. We thank Dr. Jerry White for assistance with the SEM. We thank Darren Hombs for
help in the dark room, Stephen Harrison of Prof. G. Rubin’s lab for the sev probe and John Hiebert in Prof. J. Birchler’s
lab for help with the genetics and molecular experiments.

References: Ashburner, M. 1989, Drosophila: A Laboratory Handbook, Cold Spring Harbor Laboratory Press;
Basler, K. and E. Hafen 1991, Bioessays, 13: 621-631; Carulli, J., D.-M. Chen, W.S. Stark and D.L. Hartl 1993, J. Molec.
Evol,, submitted; Carulli, J.P. and D.L. Hartl 1992, Genetics 132: 193-204; Harris, W.A., W.S. Stark and J.A. Walker
1976, J. Physiol. (Lond.) 256: 415-439; Lozovskaya, E.R., D.A. Petrov and D.L. Hartl 1993, Chromosoma, in press;
Neufeld, T.P., R.W. Carthew and G.M. Rubin 1991, Proc. Nat. Acad. Sci. USA 88: 10203-10207; Rubin, G.M. 1992,
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Mech. Dev. 37: 37-42; Stark, W.S. and S.D. Carlson 1983, Cell Tiss. Res. 233: 305-317; Stark, W.S. and S.D. Carlson
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Neurocytol. 17: 499-509.

Stoltenberg, S.F. and J. Hirsch. University of Illinois, Lofdahl et al. (1992) demonstrated that the
Urbana-Champaign, Illinois USNA. F, hybrid analysis negatively (High) and positively (Low) selected geotaxis
and the phenotypic correlation between geotaxis and lines studied by Hirsch and his colleagues since 1957
mate preference in evolved laboratory populations. showed significant (partial) premating reproductive

isolation. In Elens and Wattiaux (1964) mating

chambers approximately 60% of the matings that
occurred were positively assortative, a significant departure from the 50% expectation when mate preference is not
related to geotaxis phenotype. This phenomenon has remained stable for at least 80 generations and was demonstrated
in two independent laboratories.

Thus, there is a correlation between geotactic performance and mate preference in the High and Low lines; as
homogamic matings are more likely than heterogamic. In order to assess relations among the genetic correlates of the
correlated phenotypes, we performed an F, hybrid analysis (Tully et al., 1982). F, generation hybrids between the High
and Low lines permit the independent assortment of unlinked genes and the recombmatlon of gene linkages. If the
correlated phenotypes are related to the same genetic system(s) their correlation should persist through the hybrid F,
generation. Whereas the attenuation or disappearance of the correlation in the F, disconfirms such a relationship.

Table 1. Fp hybrid matings: geotaxis

extreme category versus sex (Chi - 15
square test for association = 0.007, 1 i
1 df, p> 0.90).
Male 12 [
High Low ] 74+
Mean j %
S H|145 137 | 282 Geotaxis . 74t
E Score i
® L |12 | 136 | 278 6 -
287 273 560 4 -
3

Figure 1. Comparison of mean geotaxis scores ]
from geotaxis lines (Low, High Generation 703)
and F, generation assayed for mate preference
(LH, HL). Female Male

Sex

First we made reciprocal crosses of the High and Low lmes to produce F, generation individuals to be used as
parents in the next round of crosses (Low female x High male = F,, ,,, High female x Low male = F;;;). Then, we
crossed those F1 mdmduals to produce F, offspring as follows (note: reciprocal crosses were not made): F,; ; female x

male = F,; . female x F,;;, male = F,,,,. Samples of approximately 230 2-3 day old F, mdividuals
(colll-lectcd within 4-6 h (;-} eclosion anr} stored separately according to sex) were assayed for geotactic performancc
(general culturing and geotaxis testing procedures have been described previously Ricker and Hirsch, 1985). We
assayed a total of 6189 flies for geotaxis.

To test the mating preferences of F, generation individuals that were phenotypically similar to the High and Low
geotaxis lines, in each sample the 26 most extreme scorers (of each sex and geotaxis extreme) were kept. In all but one
case (extreme low HL females), mean geotaxis scores of the F. generation individuals tested for mate preference were
at least as extreme as the High and Low lines (see Figure 1). These flies were then marked by wing clipping
(counterbalanced) and aged until 5-7 days old. Mate preference testing was similar to that described previously
(Lofdahl et al., 1992).

Results indicate that F, generation hybrids, with geotaxis phenotypes comparable to those of the High and Low
lines, mate without respect to geotaxis phenotype (i.e. mate preference was statistically mdependent of geotaxis
phenotype, see Table 1). Of 560 matings, 50.2% (281) were homotypic (i.e., HxH, LxL). This sample size has a power
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of 96% to detect a difference between 50% and 60% homotypic matings at alpha = 0.05 (Cohen, 1988).

We interpret these data as evidence that, although a phenotypic correlation between geotactic performance and
mate preference exists in the High and Low lines, it appears that their genetic correlates are independent. Thus, it
appears that geotaxis and mate preference are influenced by separate genetic systems. Ongoing work in our lab is
geared toward a better understanding of the mating behavior and the genetic correlates of geotaxis in the High and Low
lines. Samples of the High and Low lines are available to interested investigators who contact Jerry Hirsch.

References: Cohen, J. 1988, Statistical Power Analysis For The Behavioral Sciences, Lawrence Erlbaum
Associates, Inc.; Elens, A. and J.M. Wattiaux 1964, Dros. Inf. Serv. 39:118-119; Lofdahl, K.L., D. Hu, L. Ehrman, J.
Hirsch and L. Skoog 1992, Anim, Behav. 44:783-786; Ricker, J.P. and J. Hirsch 1985, J. Comp. Psych. 99:380-390; Tully,
T, S. Zawistowski, and J. Hirsch 1982, Behav. Genet. 12:181-191.

Regional Drosophila Research Conference Programs

In an effort to provide as diverse a source of information on Drosophila genetic research as possible, Drosophila
Information Service will print programs for research conferences whenever space allows. The editor invites conference
organizers or participants to submit copies of meeting programs and a brief description of the theme, location, and time
of the conference. DIS will endeavor to publish authors, affiliation of the senior or corresponding presenter, and title of
the talk or poster. This can then be used by readers of DIS to locate individuals pursuing problems of common interest,
locate possible postdoctoral researchers, and find sources for materials or information. Even if space does not permit
publishing all proceedings, we hope that a listing of regional and national conferences will be useful.

34th Annual Drosophila Research Conference, 31 March - 4 April 1993, San Diego, California

The 34th Annual Drosophila Research Conference was held at the Town and Country Hotel, San Diego, California.

The Program Chair was Gerry Rubin, University of California at Berkeley. The registrant list (as of 8 March 1993) was

989; additional individuals registered on site. The 357 page Program and Abstracts volume lists 11 plenary session talks,

72 slide presentations, and 610 poster presentations.
Larry Sandler Memorial Lecture:

Schneider, David S. (Department of Molecular and Cell Biology, University of California at Berkeley). Purification of a
morphogen involved in dorsal-ventral patterning.
Plenary Lectures:

Mahowald, Tony (Department of Molecular Genetics and Cell Biology, University of Chicago). Cryobiological
preservation of Drosophila embryos.

Jan, Lily (Department of Physiology and Biochemistry, University of California at San Francisco). Studies of potassium
channels.

O’Farrell, Pat (Department of Biochemistry, University of California at San Francisco). Developmental control of the
cell cycle.

Tjian, Robert (Department of Molecular and Cell Biology, University of California at Berkeley). Assembly of
transcriptional regulators, coactivators and basal factors into an initiation complex: lessons from Drosophila.

Levine, Mike (Biology Department, University of California, San Diego). Transcription stripes in the embryo.

Montell, Denise (Department of Biological Chemistry, Johns Hopkins School of Medicine, Baltimore, Maryland).
Border cells: a model system for the study of cell differentiation and migration.

Karpen, Gary (Department of MBVL, The Salk Institute, La Jolla, California). Molecular genetic analysis of
chromosome inheritance.

Evans, Ron (The Salk Institute, La Jolla, California). Functional studies on nuclear receptors in Drosophila.

Simon, Mike (Stanford University, Stanford, California). Signaling through the Sevenless protein tyrosine kinase
receptor.

Anderson, Kathryn (Department of Molecular and Cell Biology, University of California at Berkeley). Dorsal-ventral
patterning in embryogenesis.
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Lehmann, Ruth (Howard Hughes Medical Institute, Whitehead Institute, Cambridge, Massachusetts). Germline
determination and pattern formation.

Drosophila Population Biology, 21 - 24 September 1992, Bodington Hall,
The University, Leeds, L.S2 9JT UK.

This 3-day meeting, organized by A.J. Davis of the Drosophila Population Biology Unit (headed by Professor Bryan
Shorrocks), Pure and Applied Biology, University of Leeds, covered wild Drosophila and their interactions with the
parasitoids and predators, behaviour, taxonomy, molecular biology and genetics, but excluded studies that were purely
molecular biological or genetic. Biologists working with drosophilids are poorly served by the European Drosophila
Congresses (which are dominated by molecular biology) and this meeting provided them with a forum.

Dr. Andrew J. Davis, Drosophila Population Biology, Pure and Applied Biology, The UNiversity, Leeds, West
Yorkshire, LS2 9JT UK.

Tel: (44) 532 332854 or (44) 532 332909

Fax: (44) 532 332909 or (44) 532 332882

email: PAB6WD@UK.AC.Leeds.CMS1 (Janet network)

Aspi, Jouni (Department of Genetics, University of Oulu, Oulu, 90570 Finland). Reproductive ecology of the boreal
Drosophila virilis-group species.

Beuk, Paul L. Th.! and Brian R. Pitkin? (1Natuur Historische Museum, Raamsteeg, Leiden, Netherlands. 2Natural
History Museum, South Kensington, London SW7 5BD UK). A new identification key for British Drosophilidae.

Bouletreau-Merle, J. (Laboratoire de Genetique des Populations (associ au CNRS), Universit Claude Bernard, Lyon I,
69622 - Villeurbanne, France). Clinal and seasonal modifications in the reproductive potential of D. melanogaster.

Burla, Hans and Gerhard Bachli (Zoological Museum, University of Zurich-Irchel, Winterthurerstrasse 190, 8057
Zurich, Switzerland). Aggregated reproduction.

Cariou, M.L., J.L. Da Lage, A. Tadlaoui and E. Chanut (Laboratoire de Biologic et Genetique Evolutives, CNRS,
91198 Gif sur Yvette, France). The amylase gene family in Drosophila: Evolution and regulation.

David, J.R., B. Moreteau, A. Alonso-Moraga and P. Capy (Laboratoire de Biologie et Genetique Evolutives, CNRS,
91198 Gif sur Yvette, France and Department of Genetics, University of Cordoba, 14071 Cordoba, Spain).
Phenotypic plasticity helps to demonstrate the microspatial patchiness of natural populations.

Davis, AJ., M.E. Varley, R.H.A. Baker and 1.C.W. Hardy (Drosophila Population Biology, Pure and Applied Biology,
The University, Leeds LS2 9JT UK, 18 Apsley Road, Oxford OX2 7QY UK, CSL-MAFF, Hatching Green,
Harpenden AL5 2BD UK, and Population Biology, Leiden University, 2300 RA Leiden, Netherlands).
Distribution of parasitoids of Drosophila in the British Isles.

Davis, AJ. and B. Shorrocks (Drosophila Population Biology, Pure and Applied Biology, The University, Leeds, West
Yorkshire, LS2 9JT UK). Species coexistence in Drosophila: The role of oviposition behaviour.

Davis, Andrew J. and Tong-Xu Peng (Drosophila Population Biology, Pure and Applied Biology, The University, Leeds,
LS2 9JT UK, and Institute of Entomology, Guangzhou, Guangdong, P.R. China). Guild size, aggregation and
coexistence of Drosophila exploiting fruit in subtropical forests of Guangdong, Southern China.

van Dijken, MJ. and J.J.M. van Alphen (Department of Population Biology, University of Leiden, P.O. Box 9516, 2300
RA Leiden, The Netherlands). The ecological significance of differences in the searching behaviour of two
coexisting species of Drosophila parasitoids.

Dubreuil, Gladys Ruizl, Barrie Burnet®> and Kevin Connolly2 (lAustral University, Valdivia, Chile. 2Univcrsity of
Sheffield, England). Aggregated oviposition by Drosophila melanogaster: Adult and larval behaviour in
populations under divergent selection.

Dytham, C. and B. Shorrocks (Drosophila Population Biology Unit, The University, Leeds, LS2 9JT UK). Maintaining
polymorphisms in Drosophila populations: A cellular automaton model.

Eijs, Irene (University of Leiden, Department of Population Biology, Kaiserstraat 63, P.O. Box 9516, 2300 RA Leiden,
The Netherlands). Niche differentiation in Drosophila parasitoids: The place of Leptopilina australis.

Kraaijeveld, Alex R. and Jacques J.M. van Alphen (University of Leiden, Department of Population Biology,
Kaiserstraat 63, P.O. Box 9516, 2300 RA Leiden, The Netherlands). Asobara tabida vs. Drosophila melanogaster:
A coevolutionary arms race?
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Lachaise, Daniel (Laboratoire de Biologie et Genetique Evolutives, CNRS, 91198 Gif sur Yvette cedex, France).
Sperm diversity and evolution in Drosophila.

Law, Graham (Drosophila Population Biology Unit, Pure and Applied Biology, The University, Leeds, LS2 9JT UK).
Drosophilidae exploiting rotting plants in a Scottish wetland habitat: Occurrence and distribution over patches.

Lemeunier, F., J.L. Da Lage, S. Aulard, M. Arienti and L. Tsacas (Laboratoire de Biologie et Genetique Evolutives,
CNRS, 91198 Gif sur Yvette cedex, France). Insular speciation: The new Drosophila ercepeae complex.

McNamee, S. and C. Dytham (Drosophila Population Biology Unit, Department of Pure and Applied Biology, Baines
Wing, University of Leeds, Leeds, LS2 9JT UK). Morphometric discrimination of the sibling species Drosophila
melanogaster (Meigen) and Drosophila simulans (Sturtevant) (Diptera: Drosophilidae).

Mitchell, Paul (School of Sciences, Staffordshire University, Stoke on Trent, ST4 2DE UK). Drosophila generation
time and resource turnover time as factors affecting the stability of competitive coexistence.

O’Brien, Lynne and David Coates (Pure and Applied Biology, The University, Leeds, LS2 9JT UK). First catch your
fly ... then squash it.

Pitkin, Brian R. (Department of Entomology, Natural History Museum, South Kensmgton, London SW7 5BD UK).
Host preferences of Scaptomyza flies in Britain.

Sevenster, Jan G. and Jacques J.M. van Alphen (University of Leiden, Department of Population Biology, Kaiserstraat
63, P.O. Box 9516, 2300 RA Leiden, The Netherlands). A hfe -history trade-off in Drosophila species and
community structure in a variable environment.

Shorrocks, Bryan (Drosophila Population Biology Unit, Department of Pure and Applied Biology, University of Leeds).
Coexistence in Drosophilids: The role of time and space.

Shorrocks, Bryan (Drosophila Population Biology Unit, Department of Pure and Applied Biology, University of Leeds).
Priority experiments with Drosophila: Some laboratory and field experiments.

Speirs, Douglas (University of Dundee, Dundee, Scotland). Parasitism and competition in population cages (poster).

The 1992 Midwest Drosophila Conference, 9 - 10 October 1992, Allerton Park, Illinois

The 1992 Midwest Drosophila Conference was organized by Hugh Robertson, Department of Entomology,
University of Illinois, Urbana, IL 61801.

Eissenberg, Joel, Thomas Hartnett and James Powers (St. Louis University). Molecular genetics of HP1, an essential
heterochromatin-associated protein with dosage-dependent effects on position-effect variegation.

Roseman, Robin, and Pamela Geyer (University of Iowa). Effects of mutations in the suppressor of Hairy-wing locus on
formation of heterochromatin.

Lampe, Dave, and Judy Willis (University of Illinois). A cuticular protein gene from the Cecropia moth.

Robertson, Hugh (University of Illinois). The mariner transposon in other insects.

Dellavalle, Robert, and Susan Lindquist (University of Chicago). Hsp70 mRNA processing and turnover.

Nogueron, Isabel, Jeffrey Otto, and Gail Waring (Marquette Umver51ty) Processing of dec-1 eggshell gene products in
D. melanogaster and related species.

Stark, William, Gary Brown, De-Mao Chen, J, Christianson, and Ronny Lee (St. Louis University). Does glycosylation
deficiency interfere with rhodopsin synthesis or routing?

Granok, Howard, and Sarah Elgin (Washington University). The role of GAGA factor in chromatin structure and gene
expression of hsp26.

Rogulski, Ken, and Iain Cartwright (University of Cincinnati). Multiple interacting elements confer ecdysone
responsiveness within the small heat shock gene locus.

Blackman, Ron, Dave Bergstrom, Chris Garwacki, and Rich Shelby (University of Illinois). dpp, tmd, enhancers,
promoters and other good stuff.

Zahner, Joe, Sarah Tanenbaum, and Chris Cheney (Washington University). quartet, small GTPases, and localization of
nanos mRNA.

McCormick, Jenny, and Ruthann Nichols (University of Michigan). Developmental expression of the neural peptide
TDVDHVFLRFamide.

Wong, Lei, and Doug Coulter (St. Louis University). An odd-skipped homolog which is expressed in embryonic termini.

Lu, Quin, Lori Wollrath, and Sarah Elgin (Washington University). Misalignment of a positioned nucleosome disrupts
chromatin structure and expression of the hsp26 gene.
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Shaffer, Chris, Carolyn Craig, Robert Clark, and Sarah Elgin (Washington University). Heterochromatin protein 1, a
highly conserved protein, is a critical component for position effect variegation.

Roseman, Robin, Eric Johanson, Chris Rodesch, Mike Bjerke, Rod Nagoshi, and Pamela Geyer (University of Iowa).
Increased mutagenic rates by mobilization of a P element containing the suppressor of Hairy-wing binding region of
the Gypsy retrotransposon.

Eunkyung, Bae, Scott Patton, Pamela Geyer, and Rod Nagoshi (University of Iowa). Interactions between genes that
regulate somatic and germ line sexual differentiation.

Flickinger, Tom, Beth Mittendorf, and Helen Salz (Case Western University). Molecular analysis of deadhead, a
maternal-effect gene required for head development.

Romanelli, Anthony, Jennifer Soriano, Ian Boussy, and Ron Woodruff (Loyola University). P elements in natural
populations: the eastern Australian P-Q-M cline revisited.

Jupe, Eldon, and Tain Cartwright (University of Cincinnati). Microdomain of unrestrained supercoiling at a heat shock
gene locus.

Noel, Patricia, and Iain Cartwright (University of Cincinnati). Characterizing a novel gene from chromoesomal locus
31A.

Hart, Marilyn, Lei Wong, and Doug Coulter (St. Louis University). Similarities between odd-skipped and a closely
linked gene: will the real pair-rule gene please stand up.

Albrecht, Elizabeth, and Helen Salz (Case Western University). The snF gene is required to establish the
female-specific splicing pattern of Sex-lethal.

Kapoun, Ann, Filippo Randazzo, and Thomas Kaufman (Indiana University). Identification of positive, negative, and
pairing sensitive regions of the homeotic gene proboscipedia. .

Kelsey, Cynthia, and Robert Holmgren (Northwestern University). Localization of the cubitus interruptus Dominant
product and its role in development.

Parks, Annette, PJ. Kooh, Rudi Truner, and Marc Muskavitch (Indiana University). Delta dynamics during
developmental decisions.

Chu-LaGraff, Quynh, and Chris Doe (University of Illinois). wingless controls neuroblast formation in the CNS.

Nichols, Ruthann, Indy Lim, and Liz Norris (University of Michigan). Expression and activity of the drosulfakinin (dsk)
gene and related genes.

Incardona, John, and Terry Rosenberry (Case Western University). Cell biology of acetylcholinesterase.

Announcements

National Drosophila Species Resource Center Stock List
Kathleen Matthews, University of Indiana.

The stock list of the National Drosophila Species Resource Center at Bowling Green is now available on FlyBase.
See the document flybase/stocks/stock-centers/species-center.doc for further information. Instructions for using
FlyBase are given in the Drosophila Information Newsletter (DIN) reprints that follow.

Guide to Contributors

Drosophila Information Service prints short research and technique articles, descriptions of new mutations, stock lists,
directory information, and other material of general interest to Drosophila researchers. The current publication
schedule for regular issues is annually in July. Special issues will also be prepared on an irregular schedule.

Manuscripts, orders, and inquiries concerning the regular annual DIS issue should be sent to James Thompson at the
address at the front of this issue.

Submission: Submissions are accepted at any time, but the deadline for the annual July issue will be about 1 April or
until the issue is full. To help minimize editorial costs, proofs will not be sent to authors, unless there is some question
that needs to be clarified or they are specifically requested by the author at the time of submission.

Manuscripts should be submitted in duplicate. If possible, a 5.25" or 3.5" diskette with the manuscript in ASCII, in
a major IBM-compatible word processing format such as WordStar 2000 or WordPerfect, or in Macintosh Word would
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be very much appreciated.

Format: Manuscripts are now being entered into computer files so that a diskette version can eventually be distributed
with the printed copy. In order to make the text as simple as possible for different printer formats and search
commands, we have tried to minimize the use of special symbols (e.g., ul is used for microliter, "female" and "male" are
written out in the text in place of the short-hand symbols, Greek letters are written out, and so forth). The meaning
should be clear from the context in all cases.

Citation of References: Citation should be by name and date in the text of an article (Smith, 1989; Smith et al., 1990).
At the end of the article, references should be listed alphabetically by author; titles will not be included except for
books, unpublished theses, and articles in press.

Stock Lists, Specialized Bibliographies, and Long Technical Articles: Long or complex material can generally not be
accepted unless it is submitted on diskette, with a printed copy for editorial guidance. Special justification is needed for
material, such as bibliographic lists, that are often readily available by other means. A page charge of $30.00 per page
will be requested to help defray publication costs of accepted material. Inquiries about format and content are
welcomed.

Figures: Both line drawings and half-tone illustrations will be accepted, but we request a special charge of $10.00 per
half-tone illustration to help cover the cost of their preparation for printing.

Back Issues of Drosophila Information Service
The following back issues of DIS are still available:

DIS 66 (1987) $8.00 plus shipping

DIS 67 (1988) 8.00 plus shipping
DIS 70 (1991) 8.00 plus shipping
DIS 71 (1992) 12.00 plus shipping
Shipping costs:
Domestic U.S.A. $3.00 per copy
Foreign surface 6.00 per copy
Foreign air parcel:
Canada 7.00 per copy
Mexico and Central America 13.00 per copy
South America 21.00 per copy
Europe 23.00 per copy
All Other Destinations 27.00 per copy

Orders for these back issues should be sent with a check payable to "Drosophila Information Service":
James N. Thompson, jr.
Department of Zoology
University of Oklahoma
Norman, Oklahoma 73019 U.S.A.

Special Issues of Drosophila Information Service

DIS 69 (1991) is a special issue. As long as copies are available, it can be obtained for $13.00 plus shipping by
sending payment to: William Gelbart, Department of Cellular and Developmental Biology, Harvard University, 16
Divinity Avenue, Cambridge, Massachusetts 02138-2097 U.S.A.
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DROSOPHILA INFORMATION NEWSLETTER

The following material is reprinted from DIN volumes 6-10, appearing between April 1992 and April 1993. The
complete tables of contents of all five issues are included here, but out of date material, or material expected to be
covered elsewhere in this issue, has not been reprinted.

The Drosophila Information Newsletter has been established with the hope of providing a timely forum for
informal communication among Drosophila workers. The Newsletter will be published quarterly and distributed
electronically, free of charge. We will try to strike a balance between maximizing the useful information included and
keeping the format short; priority will be given to genetic and technical information. Brevity is essential. If a more
lengthy communication is felt to be of value, the material should be summarized and an address made available for
interested individuals to request more information. Submitted material will be edited for brevity and arranged into each
issue. Research reports, lengthy items that cannot be effectively summarized, and material that requires illustration for
clarity should be sent directly to Jim Thompson for publication in DIS. Materials appearing in the Newsletter will be
reprinted, in unedited form to the extent space permits, in the next issue of DIS. Back issues of DIN are posted on the
Indiana fileserver in the directory fly/news. Material appearing in the Newsletter may be cited unless specifically noted
otherwise.

Material for publication may be submitted in any of the following formats - Macintosh Microsoft Word or
MacWrite, MS-DOS WordPerfect, or text/ASCII file. Figures and photographs cannot be accepted at present. Send
material, in order of preference, as E-mail (addresses below), on floppy disk, or as laserwriter or typed hard-copy (not
bit-mapped). Technical notes should be sent to Carl Thummel, all other material should be sent to Kathy Matthews.
The e-mail format does not allow special characters to be included in the text. Both superscripts and subscripts have
been enclosed in square brackets; the difference should be obvious by context. Bold face, italics, underlining, etc. cannot
be retained. Please keep this in mind when preparing submissions. To maintain the original format when printing DIN,
use Courier 10cpi font on a standard 8.5" x 11" page with 1" margins.

Drosophila Information Newsletter is a trial effort that will only succeed if a broad segment of the community
participates. If you have information that would be useful to your colleagues, please take the time to pass it along.

The editors:

Carl Thummel Kathy Matthews

Dept. of Human Genetics Dept. of Biology

Eccles Institute - Bldg. 533 Indiana University

University of Utah Bloomington, IN 47405

Salt Lake City, UT 84112 812-855-5782; FAX /2577
801-581-2937; FAX /5374 MATTHEWK@IUBACS.BITNET
THUMMEL@MEDSCHOOL.MED.UTAH.EDU MATTHEWK@UCS.INDIANA.EDU

To add your name to the Newsletter distribution list, send one of the following E-mail messages.
Via Bitnet -- To: LISTSERV@IUBVM

Subject:

Message: SUB DIS-L Your real name
Via Internet -- To: LISTSERV@IUBVM.UCS.INDIANA.EDU

Subject:

Message: SUB DIS-L Your real name

LISTSERY will extract your user name and node from the E-mail header and add you to the list. Use your Internet
address if you have one. You will receive confirmation by E-mail. If you are on the list and do not wish to receive DIN,
or you want to remove a defunct address, replace SUB in the above message with UNS. The SUB command can also be
used to correct spelling errors in your real name; the new entry will simply replace the old as long as it was sent from the
same USERID@NODE address. :
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ANNOUNCEMENTS VOL. 6-10

13th EUROPEAN DROSOPHILA RESEARCH CONFERENCE

Dear Colleague, It may come as a surprise to you to find the first circular of the 13th EDRC in your mailbox some
20 months before it takes place, but the organizing committee felt that it would be necessary to contact you as soon as
possible. As you may already have heard, our Swiss colleagues had to give up their plans to organize the next EDRC,
due to unforseen and unsolvable organizational problems at the University of Zurich. The Crete laboratory was asked
whether it could take over, and we agreed. The 13th EDRC is, thus, scheduled for September 12-17, 1993 in Crete.

Since the month of September is still high season on the island, it is extremely difficult for us, at this time, to let you
know the exact location of the Conference. We are trying our best to find accommodation for the constantly rising
number of European drosophilists and also to guarantee low prices for rooms in a place that will be conveniently close
to an airport. This requires long searching and a lot of bargaining on our side. We understand that scientists would like
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to keep their freedom of scheduling their attendance until the very last moment but these circumstances make it
mandatory for us to plan a long way ahead. Therefore, in our next circular, which will be mailed fall 1992, we will ask for
a preregistration, i.e. a more or less final decision as to whether you would like to attend, and whether you would want
us to book hotel rooms for you. After the final registration deadline in February or March 1993 we will no longer be in a
position to offer any help with lodging and you will be on your own. Bear in mind, though, that during last year most of
the hotels in Crete were overbooked until the beginning of November.

Finally, you will also have noticed that the Conference will last one day longer than usual. This means that there
will be more opportunities for oral presentations. Although, again, no final commitments will be required we would
welcome your preferences in this matter (poster or oral presentation) soon after the second circular has been received
by you. For more information please contact:

13th European Drosophila Research Conference

¢/o Dr. K. Louis

Insect Molecular Genetics Group

Institute of Molecular Biology and Biotechnology

P.0.Box 1527, GR-711 10 Heraklion, Crete, Greece

fax: 0030-81-231308

E-mail: FLIES@GRIMBB or FLIES@MYIA.IMBB.FORTH.GR

AN OPEN LETTER FROM JAMES CROW

There is a growing concern among population geneticists regarding their communications with non-population
geneticists, a problem which is perceived to affect the process of reviewing research grant applications. An ad hoc
committee has been formed to prepare a series of mini-reviews that set forth the strengths and accomplishments of the
various subjects and methods in population genetics. This is seen as a useful exercise for those in the field, as well as
providing information for outsiders who must form judgements about research projects.

The effort is being coordinated by Bruce Weir; other members of the committee are Francisco Ayala, Allan
Campbell, Brian Charlesworth, Michael Clegg, Marcus Feldman, Daniel Hartl, Mary Claire King, Martin Krietman,
Charles Langley, Richard Lewontin, Glenys Thomson, and Bruce Walsh. For information on submitting material for
these reviews before the July 31, 1992 deadline, please contact: Dr. Bruce Weir, Dept. of Statistics, North Carolina State
U,, Raleigh, NC 27695-8203, (919)515-3574, FAX/7591.

ENHANCER-TRAP STOCKS AVAILABLE

Dan Lindsley has made a set of 232 enhancer-trap stocks carrying autosomal mini-w[ +] inserts (Bier et al., Genes
& Dev. 3:1273) available through the Bloomington stock center. The stocks were generated by undergraduate students
and are a random set (i.¢., nothing has been removed based on phenotype). 84 lines (42 on 2, 42 on 3) express lacz in the
testis. Of the remaining 148 lines, 80 have inserts on 2 and 68 have inserts on 3. These stocks will be maintained by the
stock center for a limited time. If you are interested in screening these lines you should plan to obtain them from the
stock center within the next 18 months.

DROSOPHILA NEWSGROUP ON BIOSCI

A BIOSCI/Bionet newsgroup for discussion of Drosophila biology has been proposed. At this writing, the vote is
not yet complete. The following assumes that sufficient YES votes will be received by BIOSCI to establish the group.
The DROSOPHILA group will not replace the DIN mailing list at present, but a copy of each DIN issue will be posted
to this group, so that you can read it via Usenet should you prefer. It is hoped that this newsgroup will foster more active
discussion of Drosophila research methods and materials. A newsgroup with similar orientation for Arabidopsis
researchers is quite successful in meeting needs of rapid information exchange between labs on methods, materials and
questions of scientific interest in this area. Michael Ashburner, Dept. of Genetics, U. of Cambridge, Cambridge,
England (MA11@GEN.CAM.AC.UK), will serve as the Discussion Leader and be "responsible for ensuring a
reasonable level of activity". The name of the group will be bionet.genome.drosophila (on Usenet) or bionet.drosophila
or DROSOPHILA (on mailing lists). Discussions of non-genetic as well as genetic aspects of Drosophila are
encouraged.

If you are not a current reader of these BIOSCI/Bionet newsgroups, here are some instructions for starting out.
Please *DO NOT* send requests for newsgroup subscriptions or information about BIOSCI/Bionet to the DIN editors
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- we cannot help you. You MUST direct your requests to BIOSCI at the addresses provided below.

New users of BIOSCI/bionet may want to read the “Frequently Asked Questions" or "FAQ" sheet for BIOSCI. The
FAQ provides details on how to participate in these forums and is available for anonymous FTP from net.bio.net
[134.172.2.69] in pub/BIOSCI/biosci.FAQ. It may also be requested by sending e-mail to biosci@net.bio.net (use plain
English for your request). The FAQ is also posted on the first of each month to the newsgroup
BIONEWS /bionet.announce immediately following the posting of the BIOSCI information sheet.

Most of the following information is from the BIOSCI ELECTRONIC NEWSGROUP NETWORK
INFORMATION SHEET for the Americas and Pacific Rim countries. If you are located in Europe, Africa, or Central
Asia, please request that version of the BIOSCI information sheet by sending e-mail to the Internet address:
biosci@net.bio.net.

Introduction: The BIOSCI newsgroup network was developed to allow easy worldwide communications between
biological scientists who work on a variety of computer networks. By having distribution sites or "nodes" on each major
network, BIOSCI allows its users to contact people around the world without having to learn a variety of computer
addressing tricks. Any user can simply post a message to his/her regional BIOSCI node and copies of that message will
be distributed automatically to all other subscribers on all of the participating networks, including the Internet,
USENET, BITNET, EARN, NETNORTH, HEANET, and JANET.

E-mail Subscription Requests and other Information: If you need to receive BIOSCI messages by e-mail, please
send all subscription requests, subscription cancellations, or any other questions about using BIOSCI to the Internet
address: biosci@net.bio.net (Americas & Pacific) or biosci@daresbury.ac.uk (Europe). As your request will be read by
a human, there is no need for special syntax in your message. Simply state the name of the newsgroup to which you
would like to subscribe.

Please be sure to use the biosci address above and **DO NOT** request subscriptions by posting messages to the
newsgroup mailing addresses. Posting to the newsgroup addresses sends copies of your request to hundreds of people
around the world and wastes network resources. PLEASE NOTE THAT IF YOU HAVE ACCESS TO USENET
NEWS YOU DO NOT NEED AN E-MAIL SUBSCRIPTION!! Simply read and post to the newsgroups in the "bionet"
newsgroup hierarchy using your USENET news software (e.g., readnews, rn, vioews, ANU-NEWS, postnews).

All interested users are strongly encourage to explore getting usenet news software at your site. The software is in
the public domain, and you will find it much more convenient than subscribing to newsgroups by e-mail. Please consult
your systems manager or contact biosci@net.bio.net for assistance if needed.

Canceling E-mail Subscriptions: If you have subscribed to-a newsgroup and are now leaving an institution or
changing your e-mail address, it is IMPERATIVE that you send a note to biosci@net.bio.net and cancel your
subscription! Non-existent addresses or overflowing mailboxes cause computer mail programs to send back "daemon"
messages which might bother everybody on the newsgroup. We will immediately remove any address causing such a
problem, but would prefer it if you would notify us in advance as a courtesy to the rest of the user community. (The DIN
editors would greatly appreciate the same courtesy. Please see instructions at the beginning of this issue for
unsubscribing to DIN).

Posting Messages to Newsgroups: Messages can either be posted into the USENET newsgroups using "postnews"
or similar software or they can be submitted by electronic mail. To post a message to the Drosophila group by e-mail
send your message to dros@net.bio.net (Americas, Asia, Pacific) or dros@daresbury.ac.uk (Europe and Africa).
Messages to the Drosophila group will be posted directly to the newsgroup without editorial intervention.

USENET users who use the "postnews" or similar software on their local computer should be sure to set the
message distribution to "world" or "bionet" or else your message may not be distributed beyond your local computer.
USENET newsgroups are read using, e.g., the "readnews,” “rn," or "vnews" software on UNIX systems. USENET news
software is in the public domain and is available for most UNIX systems. A public domain USENET news software
package named ANU-NEWS is also available for VAX/VMS systems. Your local BIOSCI node can point you towards
acquiring the software for use on your computer system.

EUROPEAN DROSOPHILA RESEARCH CONFERENCE

We would like to remind all interested drosophila workers that the deadline for registration for the 13 European
Drosophila Research Conference was Monday, March 15. Those of you who forgot to register have still the opportunity
to do so at the regular fee, if we get the complete registration by April 5. Participants of the us fly meeting can register
there by giving the registration form and a checque for the conference fees to Dr. Michael Ashburner. The complete
registration package can be obtained by requesting it from: FLIES@GRIMBB.BITNET or
FLIES@MYIAIMBB.FORTH.GR or from Michael at San Diego.
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Registration Fees (in US$)
BEFORE APRIL 5 AFTER APRIL 5
DR SR DR SR
Regular 725 (480) 850 (665) 900 (665) 1150 (790)
Student 600 (400) NA 790 (480) NA
Accompanying Person 545 (360) NA 665 (400) NA

Figures in brackets: Minimum Down Payment, DR: Double Room, SR: DR Single Occupancy
WE HOPE TO SEE YOU IN CRETE -- KITSOS LOUIS.

COMMENTARY VOL. 6-10

ARE THE ANNUAL DROSOPHILA RESEARCH MEETINGS GETTING TOO BIG?
Frank M. Butterworth, Oakland U., Rochester, MI. BUTTERWO@VELA.ACS.OAKLAND.EDU.

Yes. They are not only too big, but also they are too expensive. My recommendation is to limit the size either by
baving a registration cut-off number or limiting the number of attendees from a given lab, OR having several
simultaneous meetings with maybe only 4-5 specific topics instead of 10-15. Maybe you’ll have to do all three. If you
have to have concurrent sessions, the meeting is still too big. They should be given in cheaper places such as university
campuses which rent out their facilities in the summer. There is absolutely no reason why we have to put so much
financial stress on underfunded scientists and students.

For the past decade the meetings have slowly but inexorably become more populous and are slowly losing their
ability to do what they’re supposed to: namely to provide an EFFECTIVE vehicle for the EFFICIENT exchange of
information. At the risk of sounding condescending, meetings to be EFFECTIVE AND EFFICIENT must be limited in
size - limited numbers of plenary talks with NO concurrent sessions, limited costs, limited numbers of attendees, and
limited space. These limitations would keep people in close proximity during meals and coffee breaks and assure plenty
of time for people to meet as many others as they wish and plenty of time for leisurely discussion.

It is a lot of work to host and plan a meeting, and I think the makers and shakers of the "fly society" are doing a
great job (thanks folks!), but at the same time are losing track of things. We all know what makes a good meeting, but I
feel our leaders need some feedback from us followers. After all aren’t we the ones who make you leaders?

The fly meetings are popular because they are good. However they WERE great! Now I feel they have reached the
point where they no longer perform their intended function. If small meetings are good, why are big meetings bad?
Because they are incredible time wasters. At the last ASCB meeting I attended, I spent at least fifty percent of my time
going somewhere, trying to get to a concurrent session, trying to find someone, trying to make reservations for dinner,
traveling around in cabs and shuttle buses. Next time you’re at a large meeting stop for a moment and watch. What do
you see? Weary people by the hundreds walking back and forth, almost aimlessly. Not talking science, but walking!
Walking is good, but this is ridiculous. Big meetings also create information overload. In one day you can get enough to
saturate your scientific curiosity receptors. In two days you’re reduced to the ranks of the aimless walkers. I will bet that
if you can set up a science exchange efficiency quotient (SEEQ) you'd find that big meetings will get a low score, small
meetings will get a high score. Its time to limit the annual meeting size. Thanks for reading this. I hope in the next DIN
we get more dialogue on this topic.

[Editors’ note: More discussion of this issue is welcome. However, the people who make decisions about meeting
formats are the members of the Drosophila board. Your opinion about the annual meeting should be conveyed to your
regional representative to the board. See DIN Vol. 2 or DIS for the name and address of your representative.]

REQUESTS FOR MATERIALS VOL. 6-10

NATURAL ORCEIN
Michael Ashburner, Dept. of Genetics, U. of Cambridge, Downing St., Cambridge CB2 3EJ, England. 44-223-333969,
FAX /333992, MA11@PHX.CAM.AC.UK.

Does anyone know a source for Natural Orcein? Gurr’s (that is BDH) now only stock synthetic. If you let me know
directly then I will broadcast the information in the next issue of the Newsletter. Thank you.
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SURVIVAL DATA

Matthew Witten, UT System Center For High Performance Computing, Balcones Research Center, 1.154 CMS, 10100
Burnet Rd., Austin, TX 78758-4497, USA. 512-471-2472, FAX /2445 or 2449,
M.WITTEN@HERMES.CHPC.UTEXAS.EDU or M.WITTEN@UTCHPC.BITNET.

I am actively involved in a long term project on the analysis of survival data. Many people use Drosophila and keep
survival distributions under various experimental conditions. I am collecting multispecies datasets on survival of all
species and would welcome receipt of reprints/preprints/actual data. We have an electronic submission system
SURVIVAL@CHP.UTEXAS.EDU or SURVIVAL@HERMES.CHPC.UTEXAS.EDU. If you have any questions,
please contact me.

REDBOOK WANTED
Roger J. Harris, Dept. Biology, U. of Oregon, Eugene, OR 97403, USA. 503-346-5090, FAX/2364,
RIJHARRIS@OREGON.UOREGON.EDU.

I would like to purchase a used copy of "Genetic variations of Drosophila melanogaster" by Lindsley & Grell
(1968), Carnegie Institute Publications No. 627. I will pay any reasonable price. If your lab has a spare copy please
contact me.

UPDATES AND CORRECTIONS TO THE REDBOOK
Kathy Matthews, Dept. of Biology, Indiana U., Bloomington, IN 47405. 812-855-5782, FAX/2577,
MATTHEWK@UCS.INDIANA.EDU.

As you probably know, the new Redbook, "The Genome of Drosophila melanogaster” by Dan Lindsley and
Georgianna Zimm, Academic Press, San Diego, is now available (call 1-800-321-5068 to order directly from the
publisher). Dan and Georgianna have done an admirable job. The book is a pleasure to use, and all of our scientific lives
are made easier by having access to the vast amount of information it contains. Producing this volume was a hugh task
and future compilations will be increasingly difficult. Dan and Georgianna have passed the curatorial torch on to
Michael Ashburner who, for reasons unknowable, is willing to perform this vital service to our community. Nevertheless,
Michael cannot do it alone. We as individuals need to take an active role in updating information in our fields of
expertise. With the hope of making that a bit easier, I am asking that you submit new/updated/corrected Redbook
information to me by e-mail (only!). I will post your information on the stock center file server where it will be available
to Michael and the rest of us as well. Corrections, new mutations, and other appropriate information that you provide
will also be published in DIN,

WILD STRAINS OF DROSOPHILA MELANOGASTER
John Ringo, Dept. Zoology, U. of Maine, Orono, ME 04469, USA. 207-581-2556, FAX /2537, RINGO@MAINE.

I am seeking wild strains of Drosophila melanogaster capturéd above the 45th parallel. The higher the latitude the
better. I hope to obtain strains from a wide range of geographic locations. Both flies and information about whom to
contact directly for flies will be deeply appreciated.

UNSTABLE RING X
Kathy Matthews, Dept. of Biology, Indiana U. Bloomington, IN 47405, USA. 812-855-5782, FAX/2577,
MATTHEWK@INDIANA .EDU.

The Bloomington Stock Center would like to have a line of R(1)2, w[vC] that is sufficiently unstable to provide a
useful number of mosaics, but not so unstable that it is extremely difficult to maintain. If you have such a line, please call
me.

LABORATORY STOCK LISTS WANTED
Kathy Matthews, Dept. of Biology, Indiana U., Bloomington, IN 47405-6801, USA. 812-855-5782; FAX/2577,
MATTHEWK@INDIANA.EDU.

One goal of the FlyBase project (see below) is to simplify the process of identifying potentially useful mutations
and then locating stocks that carry those mutations. To this end, we would like to incorporate the stock collections of as
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many individual laboratories into FlyBase as possible. If you are willing to make your laboratory stock list available, with
the understanding that only stocks not available from any of the funded stock centers should be requested from your lab,
please contact me. I would like to have computerized lists now for immediate incorporation into FlyBase. Hardcopy lists,
if typed, are also useful; I will convert these to machine-readable format as time permits.

MATERIALS AVAILABLE VOL. 6-10

MOLECULAR CLONING OF GENOMIC DNA FROM THE 60CD REGION
Philip J. Gotwals and James W. Fristrom, Dept. of Molecular and Cell Biology, U. of California, Berkeley, CA 94720.

In two separate chromosomal walks, we have recovered 230 kilobases of genomic DNA in the chromosomal region
uncovered by Df(2R)Px2 (60C1/2-60D9/10). One walk was inititated by jumping from the centromere-distal to the
centromere-proximal breakpoint of Df(2R)Px2 using a beta3-tubulin probe (Kimble et al, (1991) Genetics 126:991). We
have recovered nearly 100 kilobases of overlapping genomic DNA, primarily carried in cosmids, around the proximal
breakpoint.

The other walk was initaited from within Df(2R)Px2 using a fragment from the muscarinic acetylcholine receptor
(MAR) gene (Shapiro et al, (1989) PNAS 86:9030). We have recovered nearly 130 kilobases of overlapping DNA,
housed in both phage and cosmids, surrounding the MAR gene.

Anyone interested in obtaining clones from these walks or information regarding the region should contact: Philip
J. Gotwals, HHMI, Bld. E17-225, 40 Ames St., MIT, Cambridge, MA 02139, USA. (617) 253-6452; eMAIL:
PIGOTWALS@wccf.mit.edu

COMPILATION OF DROSOPHILA CDNA AND GENOMIC LIBRARIES
Carl Thummel, HHMI, 5200 Eccles Institute of Human Genetics, Bldg. 533, U. of Utah, Salt Lake City, UT 84112,
USA. 801-581-2937, FAX/5374, CTHUMMEL@HMBGMAIL.MED.UTAH.EDU

The following is a listing of Drosophila ¢cDNA and genomic libraries that are currently available and in common
use. Please do not request shipment of a library unless you have an immediate use for it - many contributors are
concerned about the time and money involved in mailing their libraries. Also, please inquire with local colleagues before
requesting a library since many of these libraries are already widely distributed.

cDNA LIBRARIES

--Nick Brown, Wellcome /CRC Institute, Tennis Court Rd, Cambridge CB2 1QR UK. Phone: 44-223-334128; FAX:
44-223-334089, Email: NB117@MB1.BIO.CAM.AC.UK

Vector/Insertion/Complexity/mRNA source

pNB40/see ref./3x10[5]/0-4 hr embryo
pNB40/see ref./3x10[6]/4-8 hr embryo
pNB40/see ref./3x10[5]/8-12 hr embryo
pNB40/see ref./1x10[6]/12-24 hr embryo
pNB40/see ref./3x10[6] /imaginal discs

The Drosophila strain used is an isogenic second chromosome stock: dp cn bw, from the Gelbart lab. Ron Blackman has
made a genomic library from this same strain (see below). The vector is a pUC based plasmid with a SP6 promoter at
the 5’ end of the cDNA and a T7 promoter at the 3’ end of the cDNA. The cloning strategy was directional and designed
to maximize the number of full-length cDNAs. A useful diagnostic of full-length cDNAs is a non-coding G nucleotide at
the 5’ end, after the polyC tract; the origin of this nucleotide is, however, unknown.

Reference: Brown, N.H., and F.C. Kafatos (1988) Functional cDNA libraries from Drosophila embryos. J. Mol. Biol.
203: 425-437.
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--Steve Russell, Dept. of Genetics, Univ. of Cambridge, Downing St., Cambridge, CB2 3EH UK. Phone: 44-223-337733,
FAX: 44-223-333992, Email: SR120@MOLECULAR-BIOLOGY-1.BIOLOGY.CAMBRIDGE AC.UK.BITNET

All libraries were made with RNA isolated from Oregon R strain
Vector/Insertion/Complexity/mRNA source

NM1149/R1/2x10[6]/Male 3rd instar larvae
NM1149/R1/6x10[5]/Female 3rd instar larvae
NM1149/Directional: RI-HIII/3x10[6]/Adult male heads
NM1149/Directional: RI-HII/1x10[6]/Adult female heads
lambda gt11/RI/3x10[5]/Testes

--Charles P. Emerson, Jr. or Mary Beth Davis, Biology Dept., Univ. of Virginia, Charlottesville, Virginia, 22901 USA.
Phone: 215-728-5283 (Emerson); 215-728-5284 (Davis); FAX: 215-728-2412, Email: emerson@castor.rm.fccc.edu or
davis@castor.rm.fcec.edu

Vector/Insertion/Complexity/mRNA source/Titer
lambda gt10/RI/1x10[6]/late pupae/1x10[10]

Blunt-ended cDNA was ligated to EcoRI adaptors, then ligated to EcoRI digested gt10 lambda arms. We have isolated
cDNA clones corresponding to MHC isoforms that were lengths of 5940 and 5500 bases.

Reference: George, E.L., M.B. Ober, and C.P. Emerson, Jr. (1989) Functional domains of the Drosophila melanogaster
muscle myosin heavy-chain isoform are encoded by alternatively spliced exons. Mol. Cell Biol. 9: 2957-2974.

--Bruce Hamilton, Division of Biology 216-76, California Institute of Technology, Pasadena, CA, 91125, USA. Phone:
818-356-8353; FAX: 818-449-0756, Email: BAH@Ccitromeo.bitnet or BRUCE@seqvax.caltech.edu

Library name/Vector /Insertion/Complexity/mRNA source

Head M/lambda EXLX/Apal-Sacl/1.1x10[7]/Oregon R adult heads
Head P/lambda EXLX /Apal-Sacl/9x10[6]/Oregon R adult heads
Head 1.2/lambda EXLX/Apal-Sacl/2.7x10[6]/Oregon R adult heads
Head 2.0/lambda EXI1.X/Apal-Sacl/1.2x10[6]/Oregon R adult heads
Adult/lambda EXLX/Apal-Sacl/> 1x10[6]/Oregon R adults

0-24 mojo/lambda EXLX/Apal-Sacl/3.4x10[6]/Can S, 0-24 hr embryos

All libraries were cloned directionally into the Apal-Sacl sites of lambda EX1.X, as described in ref. 1, with internal
restriction sites protected. Lambda EXLX allows in vivo excision of plasmid DNA using a CRE/loxP site-specific
recombination system. This vector also allows regulated expression of the insert DNA as a phage T7 gene 10
N-terminal/cDNA fusion protein, under the control of a T7 RNA polymerase promoter (1). The Head 1.2 library was
prepared from cDNAs that were size-selected for molecules 1.2 kb or larger by fractionation through an agarose gel.
Head 2.0 contains cDNAs that are 2 kb or larger. The cDNA for the Adult library was not size-fractionated. The Adult
and mojo libraries were published in ref. 1. The Head M and Head P libraries are unpublished, but I have asked people
who use them to refer to ref. 1, since they were constructed in the same way and in the same vector. The two
size-selected libraries, Head 1.2 and Head 2.0 were published in ref. 2, which also describes a rapid screening procedure
that is very straightforward.

References:
1. Palazzolo et al (1990) Gene 88, 25-36.
2. Hamilton et al (1991) Nucl. Acids Res. 19, 1951-1952.
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--Tom Kornberg, Department of Biochemistry, University of California, San Francisco, CA 94143 USA. Phone:
415-476-8821, FAX: 415-476-3892, Email: tomk@ucsf.cgl.edu

Our cDNA libraries were prepared from RNA isolated from Oregon R animals, with the cDNA sequences inserted into
the EcoRlI site of lambda gt10. Libraries will be shipped by Federal Express. Requests should be accompanied by an
appropriate Federal Express Authorization Number.

Stage/Library designation/Complexity

0-3 hr embryo/D /300,000
3-12 br embryo/E /500,000
12-24 hr embryo/F /300,000
1st and 2nd instar /G /200,000
early 3rd instar /H /300,000
late 3rd instar/I/300,000
early pupal/P /300,000

late pupal /Q/300,000

adult male/R /300,000

adult female /S /300,000

Reference: Poole, S., Kauvar, L.M., Drees, B., and Kornberg, T. (1985) The engrailed locus of Drosophila: Structural
analysis of an embryonic transcript. Cell 40: 37-43.

--Carl S. Thummel, Dept. of Human Genetics, 5200 Eccles Institute, Bldg. 533, University of Utah, Salt Lake City, Utah,
84112 USA. Phone: 801-581-2937, FAX: 801-581-5374, Email: cthummel@hmbgmail.med.utah.edu
Vector/Insertion/Complexity/mRNA source

lambda gt10/RI/1x10[6]/larval tissues cultured in vitro with cycloheximide + ecdysone

lambda ZAP/R1/3x10[S]/late 3rd instar larvae

lambda ZAP/RI/4x10[5]/0-1 day prepupae

The late third instar cDNA library is available in two size-fractionations that are enriched for either 1-3 kb or 3-6.5 kb
c¢DNAs. Both libraries, however, do contain some smaller inserts.

--Peter Tolias, Public Health Research Institute, 455 First Ave., New York, New York, 10016 USA. Phone:
212-578-0815, FAX: 212-578-0804, Email: tolias@wombat.phri NYU.EDU

Vector /Insertion/Complexity/mRNA source

lambda gt22A /Sall-NotI /5x10[5] /Canton S ovaries, stages 1-14

This is a cDNA expression library in which the inserts are directionally cloned. A Sall site is present at the 5’ end and a
NotI site is at the 3’ end.

--Kai Zinn, Division of Biology, 216-76, Caltech, Pasadena, CA 91125, USA. Phone: 818-356-8352, FAX: 818-449-0679,
Email: kai@seqvax.caltech.edu
Vector/Insertion/Complexity/mRNA source

lambda gt11/EcoR1/1.2x10[6]/Oregon R, 9-12 hr embryos
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The complexity is an underestimate for larger cDNAs, since it was >5X size-selected for cDNAs larger than 1.8 kb. The
complexity could thus be as high as 6x10[6] for these larger inserts.

GENOMIC LIBRARIES

--Winifred W. Doane, Dept. of Zoology, Arizona State University, Tempe, Arizona 85287-1501 USA. Phone:
602-965-3571, FAX: 602-965-2012, Email: icwwd@asuacad

Vector /Insertion/Complexity/DNA source

pWE15/BamHI/4x10[4]-1x10[6] /Amy[1,6] mapP[12] strain of D. melanogaster
This cosmid vector contains a T3 and T7 promoter on either side of the insertion site, to facilitate the preparation of
end-specific probes for chromosomal walking.

Reference: Thompson, D.B., and Doane, W.W. (1989) A composite restriction map of the region surrounding the
Amylase locus in Drosophila melanogaster. Isozyme Bull. 22: 61-62.

--Ron Blackman, Dept. of Cell and Structural Biology, 505 S. Goodwin Ave., Univ. of 1llinois, Urbana, Illinois 61801
USA. Phone: 217-333-4459, FAX: 217-244-1648, Email: Ron_Blackman@qms1.life.uiuc.cdu

Vector /Insertion/Complexity/DNA source

lambda EMBL3/BamHI/1x10[6]/Adult Drosophila virilis

lambda EMBL3/BamHI/1x10[6]/Embryonic D. melanogaster, see below

Both libraries were prepared by Mbol partial digestion of the DNA and insertion into the BamHI site of lambda
EMBL3. The inserts can be excised by digestion with Sall. Titer is approximately 5x10[9] pfu/ml. The D. melanogaster
genomic library is made from animals that are isochromosomal for chromosome 2, dp cn bw. The same strain was used
by Nick Brown for his cDNA libraries.

--Howard Lipshitz, Division of Biology, 156-29, California Institute of Technology, Pasadena, CA 91125, USA. Phone:
818-356-6446, FAX: 818-564-8709, Email: HDL@ROMEOQO.CALTECH.EDU

Vector /Insertion/Complexity/DNA source
Charon 4/EcoRI/6x10[5]/Canton S embryos

This is the original Drosophila genomic library from the Maniatis lab. It has been amplified several times but is still
useful for most purposes.

Reference: Maniatis et al., The isolation of structural genes from libraries of eucaryotic DNA. Cell 15: 687-701.

DATABASES/COMPUTING VOL. 6-10

MORPHOLOGICAL MUTANTS OF DROSOPHILA MELANOGASTER: A PRELIMINARY DATABASE FROM
THE ‘RED BOOK’
Roger J. Harris, Dept. of Biology, U. of Oregon, Eugene OR 97403-1210, USA. 503-346-5090, FAX/2364,
RIHARRIS@OREGON.UOREGON.EDU.

Lindsley and Grell’s (1972) ‘Genetic variations of Drosophila melanogaster’, also known as the ‘Red Book, is a
unique tool for geneticists. Besides 3000 or so mutants there are lists for chromosome aberrations, special chromosomes
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and other genetic variants from a ‘wild-type’ genotype. The mutation data is listed by code, name, location, origin,
discoverer, references, phenotype and cytology. The salivary chromosome drawings and accompanying gene map enable
the worker to quickly locate a mutant phenotype to a particular chromosomal region.

Recently, the ‘Red Book’ has been updated (by Lindsley and Zimm) so the information now includes data since
1972 (Brutlag, pers. comm.). This was recently published as ‘The Genome of Drosophila melanogaster’ and is also
available as a draft in recent special DIS issues. The new book is available from the publishers or as text files from
GenBank, but as it is free text it is inaccessible for computer surveys. A detailed appendix does not exist (Ashburner,
pers. comm.). To classify mutations by effects on particular traits, it is necessary to go through each description that lists
phenotypic effects. To do this with the free text would be extremely tedious, so I coded the data to make computer
searches more efficient.

Towards this aim, I put all the data on 1016 mutations that affect morphology into a database much smaller than
that of the free text. This article is to announce the completion of preliminary work on the database. Work remains but
the database is available for use by others (details below).

Compilation of data into the database: First, I got the updated ‘Red Book’ by file transfer from GenBank via a
VAX mainframe computer. Mutations that affect morphology were entered into the database. I used the MSExcel
spreadsheet on a Macintosh microcomputer. The information in the database format is much easier to access and
manipulate than the free text.

The data for each mutation is entered in the same order as in the ‘Red Book’: gene code, gene name, chromosome,
position, origin, phenotype and cytology. I included only mutations that affect adult external morphology, so many details
in the GenBank data are omitted. Mutations that affect internal adult structure are excluded, as are behavioral,
biochemical and embryonic mutants and mutations which influence the expression of other mutations, such as those at
suppressor loci. For brevity, alleles beside the first listed in the ‘Red Book’ are also omitted from the database. This will
be a problem for investigations of pleiotropic effects or if mutations for specific experimental purposes are needed. I
should emphasize the database will be expanded. The effects for alleles other than the first listed, as well as other
omitted data are in separate databases that are incomplete at the time of writing.

Some mutations in the original ‘Red Book’ are not listed in the new version because they were found to be part of a
gene complex and so were subsumed under the name of the complex (e.g., scute is now listed under ASC, achaete-scute
complex, rather than sc). In my database, I included the mutations from the first book and noted to which complex they
belonged. The corresponding variant listed under the complex is cross-referenced. For example, the entry for the ‘allele’
scute at the ASC complex is under scute and not ASC, but the scute entry notes it is a part of the ASC complex.

The important difference between my database and the free text is that the phenotypic effects of the mutations are
coded. This was to lessen the amount of memory occupied by the data. The total amount of memory occupied is 181K,
whereas the original listing needs 4.2 MBytes (S. Maulik, pers. comm.). The coding speeds up data entry and forces the
reduction of descriptions to a minimum. Thus there are no synonymous or redundant terms in the code. There are a
total of 149 different effects listed. Single effect descriptors are reduced to three letters by use of the first three
consonants (e.g., white is ‘wht”). This was to have a code which was shorter than the word itself, yet still intuitively
meaningful. I did not use a numerical code because of the latter condition.

The body parts affected by the mutations were coded with four letters and numbers. Table 1 lists the major body
part groups. The list of all coded morphological structures is too large to include here but all those pictured in the fly
drawings in Lindsley and Grell (1972: 472) are used in the database.

The aim for coding the body parts was to have a hierarchical structure to the code. The body part affected is the
first letter of the code which is always upper case. The second letter is the trait group which the mutation affects. The
third and fourth letters (the fourth position may be a number) are unique identifiers for a particular body part. For
example, "Wv15" is the fifth (5) longitudinal (1) wing (W) vein (v). Mutational effects on different body segments are
separated by a solidus (/) and trait groups within a segment, by a comma. Multiple effects on the same trait are
separated by a comma.

Here is a typical example of an entry. The entry for the effects of the mutation bowed: "W bwd dwn, sml/B sml/E
blg". Note that the part affected is listed first, the result of the mutation second. The wings (W) are bowed (bwd) down
(dwn) and smaller (sml) than normal. The body (B) size is reduced (sml) and the eyes are bulging (blg).

There is also a ‘Notes’ column which is for data on viability, fertility and development time. This column may
include information about other phenomena which may influence expression such as gene interaction and temperature
effects. For bowed these are: "OL/V 75%", which means the mutant phenotype overlaps (OL) the wild-type and that
viability (V) is 75% of the wild-type.

Use of the database: While the code was established I compiled a dictionary. This allows mutations to be studied
for particular phenotypic effects. For example, if I wanted to know which mutations caused pink eyes, I would look up
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‘pink’ in the dictionary and find the code "pnk”, then do a computer search for the string, "pnk". With this, it is possible to
quickly find mutants at different loci with similar phenotypic effects. The converse dictionary can be used to look up any
code for the right description.

With the dictionary the data can be quickly searched for information on specific effects, body parts affected or
important effects on fitness. My immediate aim is to update Braver’s (1956) list of mutations by body parts affected.
With the database I can construct a list with a more detailed hierarchy of parts affected and greatly expand the original
List.

Limitations of the data set: There are some limitations that arise from the way the data is structured. The effects
are not listed separately if there are multiple effects on the same trait. In the above example, if I wanted to search for
mutations that cause smaller wings, the search string "W sml" would not have found bowed. Instead one would have to
use the string ",sml" (comma included) and then omit entries which did not have W preceding sml. This flaw in the
database can be amended by adding the trait code before the effect code. In the example, this would give "W bwd dwn,
W sml/B sml/E blg". This would increase the amount of memory taken but simplify searches for entries with a
particular code. I will incorporate this modification into a second version of the database.

A more basic limitation is the loss of information necessary to streamline the database. As noted above, for brevity
I omitted descriptions of alleles beside the one first listed in the ‘Red Book’. This is usually the first allele found at a
locus. Certain non-morphological effects of listed alleles are not in the list. Variation in description is also lost. For
example, quantitative differences of allelic effects are excluded, so a description of small wings will be “W sml" whether
the effect is strong or weak.

Improvements could be made to the biological basis of the database structure. For example, the hierarchical groups
of traits are arbitrary and for convenience. Thus, mutations that affect eyes are in a separate group from those that affect
other head structures, even though eyes are part of the head. So the hierarchical groups do not correspond to imaginal
discs or homeotic segments, although it should be easy in principle to modify the database accordingly.

These shortcomings may be important in some applications but I think the database will be useful for studies which
need a general survey of morphological mutational effects.

Availability: To obtain the database send a MaclIntosh formatted 3 1/2-inch floppy disk (DD) to the author with
return postage. The database will soon be available as a text file by anonymous FTP. The data will include the
dictionaries as well as the listing of mutations.

Acknowledgements: I thank Kathy Matthews and I. L. Heisler for helpful comments on the manuscript.

Table 1. List of major body parts listed in the ‘Red Book’ database. The list below does not include the specific
structures within body parts, (e.g., orbital bristles on head) which are in the database.

Body part: head, antenna, eyes, thorax, legs, wings, abdomen, cuticle, body, bristles, hairs.

Non-morphological traits: lethality, viability, fertility, development, sterility.

EUROPEAN STOCK CENTER AT UMEA STOCK LIST
An electronic version of the European Drosophila Stock Center’s 1991-1992 stock list is now posted on the Indiana
file server in the file Umea.txt.

CYTOLOGICAL FEATURES DATABASE, VERSION 9207
Sally Amero, Dept. of Molecular and Cellular Biochemistry, Loyola U. Medical Center, 2160 South First Ave,,
Maywood, IL 60153. 708-216-3365, FAX /8523, YM60SAA@luccpua.bitnet.

This is a database of polytene chromosome sites that have been found to bind antibodies to particular Drosophila
proteins. The database is maintained by Sally Amero and has been formatted by Michael Ashburner. It is available by
anonymous ftp from the Indiana fileserver (ftp.bio.indiana.edu) in the directory fly. The database is kept in two files:
Amero.txt is the database itself and Amero.Refs are the references for the database. The file Amero.doc contains
information about the organization of Amero.txt.

FLYBASE - A DROSOPHILA GENETIC DATABASE, RELEASE 9301
The FlyBase Consortium (see below for names and addresses)

{Editors’ note: The following document has been edited for DIN; section 6 has been omitted, section 8 has been
truncated to include only a list of subdirectories and not the files within them, and section 9 has been omitted. The
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complete document is available from FlyBase as described below.}
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4, How to obtain FlyBase
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12. Full addresses of members of the FlyBase Consortium
13. The copyright of FlyBase
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1. WHAT IS FLYBASE

FlyBase is a comprehensive database for information on the genetics and biology of Drosophila. It is, or will be (see
below), available in several different formats. That released now is a series of flat files in which different data are
displayed. FlyBase includes (by permission of Academic Press) all of the material of the Redbook, i.e. The Genome of
Drosophila melanogaster by D.L. Lindsley and G. G. Zimm (Academic Press, 1992). A short introduction to FlyBase is

to be found in the file flybase/about-flybase.txt.

2. THE FLYBASE CONSORTIUM

FlyBase is being built by a Consortium of researchers funded by the National Institutes of Health. This Consortium
includes both Drosophila biologists and computer scientists. The Consortium is split between four sites, at Harvard,
Cambridge (England), Bloomington and Los Angeles. In addition the Consortium has very close links with the National
Center for Biotechnology Information in Washington and with several other workers who provide us with data, either
for FlyBase itself or for one of its allied databases. The members of the Consortium are:

o Biological Laboratories, Harvard University:
William Gelbart (PI)
Wayne Rindone
Joe Chillemi
o Dept. of Genetics, University of Cambridge:
Michael Ashburner
Rachel Drysdale
Aubrey de Grey
o Dept. of Biology, Indiana University, Bloomington:
Thomas Kaufman
Kathy Matthews
Don Gilbert
o Dept. of Biology, University of California, Los Angeles:
John Merriam
Beverley Matthews
Soon-Young Huh
o National Center for Biotechnology Information, NIH, Washington:
Carolyn Tolstoshev

3. HOW TO CONTACT FLYBASE

DIS 72 (July 1993)

FlyBase has established a central e-mail address to which all communications and questions can be sent. This is:

o FLYBASE@NUCLEUS.HARVARD.EDU
Communications or questions about the Indiana fileserver may be addressed to:
o FLYBASE@BIO.INDIANA.EDU
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We very much welcome corrections and additions to the data in FlyBase, comments about the types of data the we now
(or should) make available or about the structure of FlyBase. FlyBase is meant to serve the Drosophila community. Only
if we receive some feedback from the community will we know how best to do this. Many of the working papers between
members of the FlyBase Consortium are publicly available (see below). The full mail addresses, with telephone and fax
numbers and e-mail addresses, of the members of the Consortium are given in the penultimate section of this document.

4. HOW TO OBTAIN FLYBASE

FlyBase will be made available in several different ways and formats. These will include direct access to FlyBase servers,
versions for stand alone access on different computer platforms, flat files and as printed text (as special issues of
Drosophila Information Service, of which DIS 69 was a prototype) (see "Future plans for FlyBase"). In its present form
FlyBase is only available as a series of flat files although these can be browsed and queried interactively using publicly
available software (see below). The prime archive of FlyBase is maintained on a publicly accessible computer at the
Department of Biology, Indiana University (IUBio). The files can be obtained in two ways, either interactively using a
Gopher Client (see below) or by anonymous FTP (File Transfer Protocol). A subset of FlyBase files are also kept on
several other computers, from where they are available either interactively or by anonymous FTP. If all of this is
mysterious to you, contact Don Gilbert, Wayne Rindone or Aubrey de Grey, by mail or phone, for help (see below for
contact numbers).

WAIS/Gopher: By far the easiest way to access FlyBase is with a Gopher Client. Gopher is a program that runs on
a variety of computer platforms (including Macs). To use Gopher you need three things - a suitable computer, access to
Internet and a Gopher Client. We cannot help you for the first of these but in view of the plans to make FlyBase
available using X-windows software we recommend that, if purchasing, you buy a computer that can support X-windows.
For Internet access you must consult your local computer advisors. For those without direct network access there are
commercial companies that provide Internet access across telephone lines using modems. The Gopher Client software is
available by anonymous ftp from boombox.micro.umn.edu, in the directory /pub/gopher/, or from ftp.bio.indiana.edu,
in the directory /util/gopher/.

Services on the IUBio Gopher host are also available using WAIS client software. WAIS is the Wide Area
Information System. Client software is available for a variety of computer platforms by FTP from IUBio (in the
directory /util/wais) and ftp.think.com. It may be convenient, if your main use of Gopher is to search FlyBase, to set up
your Gopher client so that access to Indiana is the default. Two of the great advantages of using Gopher are (a) that it
allows you to search files interactively and (b) that you need not understand the structure of the FlyBase files. What
Gopher provides is an interactive search of the flat files of FlyBase and the ability to transfer all or part of any file back
to your home computer. FlyBase is accessible from the Gopher hole at Indiana (IUBio) and most of the files (but not
those from the Redbook) are also accessible from the Gopher hole at the Biozentrum in Basel. The link to add to your
Gopher server to tunnel to Indiana is:

Name =IUBio Biology Archive, Indiana University (experimental)

Type=1

Port=70

Path=1/

Host=ftp.bio.indiana.edu
The link for the Basel Biozentrum host is:

Name = bioftp EMBnet Switzerland (experimental)

Type=1

Port=70

Path=

Host=Dbioftp.unibas.ch

The WAIS source for the Indiana archive (IUBi0) is:
(:source
:version 3
:ip-address "129.79.224.25"
:ip-name "ftp.bio.indiana.edu"
:tep-prot 210
:database-name "INFO"
:cost 0.00
:cost-unit none
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:maintainer "archive@bio.indiana.edu"
:description "

This WAIS service includes several indexed Biology Information sources, including Genbank nucleic acid sequence
databank, Drosophila genetics, Biosci/Bionet network news, and others.

File Transfer Protocol (FTP): FlyBase is available by File Transfer Protocol (FTP) from several sources. However
only Indiana has the complete set of files. The other sites have most files except those that include the Redbook data.
Note that since most of these machines run Unix, the commands and names of directories and files are case sensitive.
The FTP servers from which FlyBase is now available are:

FTP.BIO.INDIANA.EDU (129.79.224.25). Login with the username anonymous and use your e-mail address as
password. FlyBase is in the directory flybase/.

NCBLNLM.NIH.GOV (130.14.20.1). Login with the username anonymous and use your e-mail address as password.
FlyBase is in the directory repository/FlyBase.

FTP.EMBL-HEIDELBERG.DE (192.54.41.33). Login with the username anonymous and use your e-mail address as
the password. FlyBase is in the directory /pub/databases/flybase.

SUNBCD.WEIZMANN.AC.IL (132.76.64.79). Login with the username anonymous and your e-mail address as the
password. FlyBase is in the directory /pub/databases/flybase.

FTP.NIG.ACJP (133.39.16.66). Login with the username anonymous and your e-mail address as password. FlyBase is in
the directory /pub/db/flybase. Once logged in to an FTP server the following commands can be used to obtain one
or more FlyBase files onto your own computer:
ftp> cd {directory name} (i.e. cd flybase if using IUBio)
ftp> get /documents/full.doc
ftp> get/genes/loci.txt

. et cetera
.or

ftp> mget *.txt (to retrieve all text files)

ftp> quit
For those without access to FTP there is a gateway between BITNET/EARN and the FTP part of IP at Princeton. This
allows you to make an FTP request by BITNET /EARN mail, the file(s) requested from the remote site being forwarded
to you as mail from Princeton. This gateway is known as BITFTP. For information on how you use it send the one-line
message HELP to BITFTP@PUCC.BITNET. In brief, this service is used by sending a MATL message (using BITNET)
to BITFTP@PUCC as follows:

FTP ftp.bio.indiana.edu NETDATA

USER anonymous guest

<now the FTP commands as if you were doing this directly; see above >

QUIT
The files will then be returned to you by e-mail.

Netserver: These files are available from the Netserver at EMBL, and if you do not have the facility for FTP this is a way
to get them. For general help and a listing of files on the EMBL Netserver send an e-mail message to
NETSERV@EMBL-HEIDELBERG.DE with the text HELP FLYBASE. To obtain a particular file send an e-mail
message with the text GET FLYBASE:FILENAME to NETSERV@EMBL-HEIDELBERG.DE, where FILENAME
is one of the filenames listed above.

Direct logon access in the UK: In the UK FlyBase is available on both the SEQNET and HGMP facilities. The SERC
SEQNET computing facility at the Daresbury Laboratory (UK.AC.DL.SEQNET) can be directly accessed via JANET.
For an account write to Dr. Alan Bleasby, SERC Daresbury Laboratory, Warrington WA4 4AD, Cheshire or send
e-mail to AIBQUK.AC.DARESBURY. FlyBase is kept in a directory called /data/flybase. The MRC Human Genome
Mapping Project is also accessed via JANET (MENU.CRC.AC.UK). Applications for an account should be sent to The
HGMP Resource Centre, Clinical Research Center, Watford Road, Harrow, Middx HA1 3UJ. Access to FlyBase is via
the menu.

CD ROM: Most of the files of FlyBase (except those of the Redbook) are included in the NCBI Data Repository and
EMBL CD-ROM:s. These are released periodically and are available from the NCBI Data Repository, National Library
of Medicine, Bldg. 38A, Rm 8N-803, NIH, Bethesda, MD 20894 ((1)-301-496-2475) or from the EMBL Data Library,
Postfach 10.2209, 6900 Heidelberg, Germany (phone (49)-6221-387258; fax (49)-6221-387519). Dr. Amos Bairoch has
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made this database available as ascii files on CD ROM. Contact Dr. A. Bairoch, Department of Medical Biochemistry,
University of Geneva, Geneva, Switzerland. e-mail: BAIROCH@CMU.UNIGE.CH.

5. HOW TO REFERENCE FLYBASE
We suggest FlyBase be referenced in publications in the following manner: FlyBase (1993). A Drosophila Genetic
Database. Available from the FTP BIQ.INDIANA EDU network server.

6. DIFFERENCES BETWEEN PRINTED AND COMPUTER VERSIONS OF FLYBASE [omitted]

7. ALLIED DATABASES

It is both undesirable and impossible for literally all data on Drosophila to be kept within FlyBase. However, FlyBase
wishes to encourage collaboration between other workers who are building different or more specialized Drosophila
databases. For this reason FlyBase has established the concept of allied databases. These databases are explicitly
attributed to their authors, who are responsible for the data they include. FlyBase encourages other members of the
community to make their databases available associated to FlyBase. In particular, FlyBase encourages other database
curators to cross-reference FlyBase to ensure consistency in, for example, gene names and symbols. FlyBase offers help
to other curators in both ensuring nomenclatural consistency and in making their databases publicly available through
FlyBase. The allied databases now available are listed in the detailed description of FlyBase, below.

8. THE STRUCTURE OF FLYBASE

The presently available version of FlyBase is a series of files arranged in a hierarchical structure of directories and
subdirectories. An inconvenience of this is that file names can become very long. However, on Unix operating systems,
access to a particular directory can be limited by using the cd (change directory) command. The command cd .. (i.e. ¢d
followed by a space and then two periods) will take you up one directory level. Against the disadvantage of cumbersome
file names this structure is very logical and easy to maintain. Files are of different types, indicated by the suffixes to their
names:

doc  an explanatory document, in plain text.

Ixt a file in plain text, may be data, documentation or other information.

Ipt a formatted data file, suitable for viewing by people, in plain text.

atf a rich-text file, best read with common word processors, but also readable by people, in plain text.
gif an image file (graphic interchange format). Use a gif viewer to see.

.ps a postscript image file. Use a postscript viewer or printer.

tar.Z a Unix compressed archive file. Use uncompress and tar to extract.
Jbhgx  aMacintosh binhex archive file. Use stuffit to decompress.
.zip an MSDos compressed archive file. Use unzip to extract.

There now follows the complete structure of the FlyBase files as kept on the IUBio server. The structure may differ
when FlyBase is mounted on other computers, but should reflect this structure in a logical way. A detailed description of
the contents of each file is given in the next section of this document. Some files have yet to be implemented, but they
have been listed here as it is expected that they will be available very soon. If you are using FlyBase through a Gopher
client the details of this organization are irrelevant, as you will be presented with the available files by the interactive
Gopher menu.

flybase/
flybase/redbook
flybase /redbook/genes
flybase/redbook/lethals
flybase/redbook/aberrations
flybase/redbook /miscellany
flybase/genes
flybase/aberrations
flybase /maps
flybase/function
flybase/clones
flybase/stocks
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flybase /stocks/stock-centers
flybase /stocks/stock-centers/bloomington
flybase/stocks /labs
flybase /references
flybase /miscellany
flybase/sequences
flybase/people
flybase /news
flybase /news/news
flybase /news/oldnews
flybase /news/din
flybase/documents
flybase/documents/full.doc {i.e. this document}
flybase /working-papers
flybase/allied-data

9. DETAILED DESCRIPTION OF FLYBASE {omitted}

10. FUTURE PLANS FOR FLYBASE

In this section of the documentation we indicate some of the future directions we are taking with the building of FlyBase.
This text is supplemented by the papers in the files of flybase/working-papers. We encourage the fly community to
respond to what we are doing - let us know (by e-mail to FLYBASE@NUCLEUS.HARVARD.EDU or by regular mail
to any of us) if you think we are not doing something that should be done, or are doing something that should not be
done. Only by feedback from the community will we produce a product of the greatest utility to all. As we have
explained elsewhere in this document the present release of FlyBase is seen very much as a temporary measure, until the
full relational schema has been implemented.

The relational schema: FlyBase is being built and will be maintained in a commercial relational database
management system called Sybase. The design of the relational schema can be found in a series of files in
flybase /working-papers/sybase-*. This schema was designed by Carolyn Tolstoshev. It is not yet stable - that is to say
changes to the schema are still being made as a consequence of experience and discussion. The Harvard group are now
implementing and testing this schema prior to the importation of data.

The data: Any database is only as good as its data and the way these data are interrelated. At present, FlyBase data
are available as a series of independent tables with few relationships between them. Not only does this mean that there
are major inconsistencies between tables (e.g. a gene may have one symbol in one table but another in a second) but
also it means that the user cannot automatically go from e.g. the loci table to a stock table. One of the major tasks that is
now being done is to force consistency between tables.

1. The bulk of the genetic data is now in two sets of directories, flybase/redbook - the text material of Lindsley and
Zimm, and flybase/genes and flybase/aberrations (with flybase/maps, flybase/function, flybase/references). The
Cambridge group is now integrating these two sets of tables into a single structure. This will, in effect, be the
replacement of the Redbook. Since science does not stop simply because we are building this database the Cambridge
group is also continuously updating the data, by scanning the literature.

2. There are now several different tables of clone data. These are being integrated and continuously updated by the
Los Angeles group. This group is also developing software for the graphical display of molecular data.

3. References can now be found in three different sets of tables, those in flybase/redbook, flybase/genes and
flybase/clones/clonelist.txt. Not only is there redundancy between these but each set differs in its reference format. The
Cambridge group is dealing with this problem by building a single Drosophila reference file. The objective is to have as
complete a bibliography on Drosophila biology as possible with all entries in uniform format. The sources of this
bibliography are several: the published bibliographies (Morgan et al. 1925, Muller, Herskowitz and some smaller more
specialized ones) are being read by an optical character reader; we have concluded a license agreement with MEDLINE
giving us a retrospective download from 1966 (the year MEDLINE introduced computer files) with monthly updates
from January 1993 (these entries will include abstracts) and Dr. G. Bachli’s computer bibliography, which is especially
strong on taxonomic and faunistic papers. When these have all been entered, duplicate entries removed and reformatted
they will be checked against the large Drosophila offprint collection in Cambridge for errors and omissions. This
reference table will serve all of the other tables of FlyBase. Users will be able to recover references from it in a variety
of formats (e.g. that used by ENDNOTE).
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4. The Bloomington group is working on the problem of stock lists, not only collecting stock lists from other
laboratories (see flybase/stocks.doc) but also ensuring a consistency in format, so that all can be seen in a similar way.
We hope to publish a recommendation for stock list format, with the hope that others will use it and reduce the
problems we have in displaying stock list data. The second major problem with the stock lists is to ensure that they are
consistent in the symbols used for genes, alleles, aberrations and insertions.

5. There are now several different files of addresses and/or e-mail addresses. These have been gathered from
various sources. The aim is to have a single address file, in a consistent format. This work is being done in Bloomington.

6. The formal description of chromosome aberrations, in a manner suitable for manipulation by computer
programs, is a difficult problem. One approach is that discussed in flybase/working-papers/aberration-syntax.txt. We are
writing software that will allow efficient searching of the aberration tables for, e.g., breakpoints within a specific
chromosome region, and allow the graphical display of aberrant chromosomes.

Output: Although FlyBase will be built and maintained in Sybase we expect few to have the skills to use it as such
or to have the very considerable cash required for a Sybase operating license. For this reason we are building a number
of output products that will make FlyBase available to as wide a community as possible. (The Sybase implementation
will be publicly available should any users need it.)

1. The simplest output will be printed text. We have, in pre-Consortium days, experimented with this with a special
volume of DIS (DIS 69) compiled by Michael Ashburner and edited (and distributed) by William Gelbart. It is our
intention to publish such special issues of DIS whenever the amount of new data warrants. By doing this we will ensure
that even those workers who have no access to computers or networks will not be disenfranchised. These issues of DIS
will be produced as output from the Sybase tables.

2. The presentation of FlyBase as a series of ascii flat files on computer servers will be maintained. The prime
server will be that at IUBio and the Bloomington group will continue to make improvements in access and display of
these tables. By far the easiest way to access these files is by using a Gopher client (see "How to obtain FlyBase"). In
addition these tables will be distributed, as now, to a number of major servers used by biologists and will be included on
the CD-ROMs being distributed by NCBI, EMBL and others.

3. There is now strong interest in the development of software to display databases such as FlyBase interactively
using X-windows systems. We are developing such tools for use with FlyBase. We are concentrating our efforts in two
ways. The first is to exploit the software tools written at the NCBI for use with their Entrez system. The second is to
develop the programs written by Richard Durbin and Jean Thierry-Meig for the C. elegans database - acedb. acdeb is
now being modified for Drosophila data in Berkeley and we are collaborating with Suzanna Lewis to make these
programs suitable for the display of FlyBase. These implementations of FlyBase will be available from the IUBio server
(and probably from other servers), on CD-ROM and perhaps on floppy discs. To make use of them you will need a
computer that can implement X-window software (or its equivalent). A color monitor would be a great advantage.

11. RELEASE NOTES
Since FlyBase is still kept as a series of independent tables the concept of a "release” or "version" of the database is
difficult to apply. However, while this format continues we will signal new releases (as yearmonth) whenever we consider
that there has been a sufficient change in data or organization to warrant it. New versions of particular tables may well
be released without obvious notice. One way of finding out is to look at the date that a particular file was last modified
on IUBio. This can be done by FTP using the dir command in the flybase directory. The last update of a file is
automatically displayed by Gopher. The individual document files will be kept up to date and they will indicate any
changes in organization or major changes in content. The last update of the .doc files is displayed on the top line of each.
Release 9301 of FlyBase is the first by the Consortium. It is released as a temporary measure to make the data that
is in FlyBase already available to the community. In large part 9301 is simply a restructuring of data that had been
previously available from IUBio and other sources. It includes the tables from the 9209 release of Michael Ashburner
(see flybase /news/oldnews/1992.txt). These tables include 5321 loci, 4218 entries in the genetic map, 11940 aberrations
and 3120 references. Note that of the 5321 loci, about 800 are not in Lindsley and Zimm (1992). The great majority of
the references are also subsequent to Lindsley and Zimm. This release includes tables from the 3/06/1992 release of
John Merriam’s clone lists.

12. FULL ADDRESSES OF MEMBERS OF THE FLYBASE CONSORTIUM

William Gelbart, Biological Laboratories, Harvard University, 16 Divinity Avenue, Cambridge, Massachusetts 02138,
USA.
Telephone: (1)-617-495-2906; fax: (1)-617-495-9300; e-mail:
GELBART@MORGAN.HARVARD.EDU.
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Wayne Rindone, Biological Laboratories, Harvard University, 16 Divinity Avenue, Cambridge, Massachusetts 02138,
USA.
Telephone: (1)-617-496-5668; fax: (1)-617-495-9300; e-mail: RINDONE@MORGAN.HARVARD.EDU.

Joe Chillemi, Biological Laboratories, Harvard University, 16 Divinity Avenue, Cambridge, Massachusetts 02138, USA.
Telephone: (1)-617-496-5667; fax: (1)-617-495-9300; e-mail: JOEC@MORGAN.HARVARD.EDU.

Michael Ashburner, Department of Genetics, University of Cambridge, Downing Street, Cambridge, CB2 3EH,
England.
Telephone: (44)-223-333969; fax: (44)-223-333992; e-mail: MA11@GEN.CAM.AC.UK.

Rachel Drysdale, Department of Genetics, University of Cambridge, Downing Street, Cambridge, CB2 3EH, England.
Telephone: (44)-223-333963; fax: (44)-223-333992; e-mail: RD120@GEN.CAM.AC.UK.

Aubrey de Grey, Department of Genetics, University of Cambridge, Downing Street, Cambridge, CB2 3EH, England.
Telephone: (44)-223-333963; fax: (44)-223-333992; e-mail: AG24@GEN.CAM.AC.UK.

Thomas Kaufman, Department of Biology, Indiana University, Bloomington, Indiana 47405, USA.
Telephone (1)-812-855-3033; fax: (1)-812-855-2577; e-mail: KAUFMAN@BIO.INDIANA.EDU.

Kathy Matthews, Department of Biology, Indiana University, Bloomington, Indiana 47405, USA.
Telephone (1)-812-855-5782; fax: (1)-812-855-2577; e-mail: MATTHEWK@UCS.INDIANA .EDU.

Don Gilbert, Department of Biology, Indiana University, Bloomington, Indiana 47405, USA.
Telephone (1)-812-855-7807; e-mail: GILBERT@BIO.INDIANA EDU.
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GOPHER ACCESS TO FLYBASE
Kathy Matthews, Dept. of Biology, Indiana U., Bloomington, IN 47405. 812-855-5782, FAX/2577,
MATTHEWK@INDIANA EDU.

The easiest way to access FlyBase is with Gopher. For those of you who haven’t heard of Gopher yet, the following
excerpts from "GOPHER DIGS THROUGH THE INTERNET FOR YOU" by Eric Schlene, which appeared in UCS



DIS 72 (July 1993) Drosophila Information Newsletter Reprints 193

Monitor, Volume 4, Number 2 (March 15, 1993), published by University Computing Services, Indiana University,
should be useful.

"Developed at the University of Minnesota, Gopher is a network navigation tool. The name "Gopher" conveys much
about the technology. If you need something off the network, let Gopher "go for" it. Gopher will burrow through the
network to retrieve what you asked for.

Like its mammalian namesake, Gopher is hardy and aggressive. It can adapt to a variety of computing
environments and has a world-wide range. Gopher servers, computers where Gopher goes to find files, are popping up
all over the globe. Known collectively as "Gopherspace," these servers offer information and services you can access over
the Internet.

How Gopher works: Like many new applications, Gopher is a client/server product. The client part runs on your
computer (e.g., PC, Mac, UNIX workstation). And the server part runs on computers elsewhere on the Internet. At your
command, your client *opens electronic tunnels,’ finding the computers where the goodies you want are stored.

If you like to explore electronically, you're going to love Gopher. There are countless links to libraries, computing
centers, universities, corporations, and organizations all over the world. The only hard part about using Gopher is
quitting!"

You may also find the README file provided by the developers of Gopher to be helpful:

In this directory are subdirectories containing the current versions of internet Gopher clients and servers.
Unfortunately, there is minimal documentation for the software; but have faith, we are working on it.

The internet Gopher uses a simple client/server protocol that can be used to publish and search for information
held on a distributed network of hosts. Gopher clients have a seamless view of the information in the gopher world even
though the information is distributed over many. different hosts. Clients can either navigate through a hierarchy of
directories and documents -or- ask an index server to return a list of all documents that contain one or more words.
Since the index server does full-text searches every word in every document is a keyword.

If you want to test a gopher client without setting up your own gopher server you should configure the client to talk
to ’gopher.micro.umn.edu’ at port 70. This will allow you to explore the distributed network of gopher servers at the
University of Minnesota. You can try the Unix client by telneting to consultant.micro.umn.edu and logging in as
’gopher’.

If you decide to run a gopher server and would like it to appear in the list of ’other gophers’ at
gopher.micro.umn.edu send an e-mail to gopher@boombox.micro.umn.edu and we will add your gopher to the list of
gophers.

Bug reports, comments, suggestions, etc. should be e-mailed to the Gopher development team at:
gopher@boombox.micro.umn.edu

If you don’t have access to a Gopher client, ask your local computing support center to help you get set up. The
Gopher client software is available by anonymous ftp from boombox.micro.umn.edu, in the directory /pub/gopher/, or
from ftp.bio.indiana.edu, in the directory /util/gopher/. FlyBase is accessible from the Gopher hole at Indiana (IUBio)
and most of the files (but not those from the Redbook) are also accessible from the Gopher hole at the Biozentrum in
Basel. It may be convenient, if your main use of Gopher is to search FlyBase, to set up your Gopher client so that access
to Indiana or Basel is the default. The link to add to your Gopher server to tunnel to Indiana is:

Name=IUBio Biology Archive, Indiana University (experimental)

Type=1

Port=70

Path=1/

Host=ftp.bio.indiana.edu

The link for the Basel Biozentrum host is:
Name =bioftp EMBnet Switzerland (experimental)
Type=1
Port="70 .
Path=
Host =bioftp.unibas.ch
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Services on the IUBio Gopher host are also available using WAIS client software. WAIS is the Wide Area
Information System. Client software is available for a variety of computer platforms by FTP from IUBio (in the
directory /util/wais) and ftp.think.com. The WAIS source for the Indiana archive (IUBio) is:

(:source

:version 3

:ip-address "129.79.224.25"

:ip-name "ftp.bio.indiana.edu”
:tcp-prot 210

:database-name "INFQO"

:cost 0.00

:cost-unit none

:maintainer "archive@bio.indiana.edu"
:description "

Once you reach FlyBase with Gopher you can copy files to your local machine or you can search files interactively.
The top FlyBase menu will look like this on your screen:

Internet Gopher Information Client v1.00
Flybase

->

. About Flybase [14Jan93, Skb).

Genes/

Functions/

. Aberrations/

Clones/

Maps/

. Sequences/ -
: /
10. People/

11. Stocks/

12. Miscellany/

13. /
14. Documents/

15. News/

16. References/

17. Working papers/

18. Allied fly data/

19. Redbook (Genome of Drosophila)/

PPNV A WP

When you choose a topic a new menu of subtopics and/or available files will be displayed. Choosing a file from a
Gopher menu returns the file to your local machine. Menu items ending with <?> allow you to search that part of the
database for specific information. Gopher searches are supported for the topics Genes, Clones, People, Stocks, News
(back issues of DIN), Allied fly data, and Redbook.

Gopher is able to retrieve information very rapidly because it searches indexes of the data files. Any file can be
retrieved with Gopher, but only files that have been indexed for Gopher’s use can be searched with Gopher. Indexes
based on standard rules of English did not work well for Drosophila nomenclature, as those of you who tried to find
stocks with the original IUBio Gopher server discovered. Don Gilbert has modified the indexing rules of the IUBio
Gopher so that Drosophila genotypes can be more effectively searched. There are still a few bugs in the system, but you
will find it significantly improved. Plain language queries work well for retrieving information from most of FlyBase, but
some tricks are helpful when searching the stock lists. The following information should help you construct an effective
query.

*  An asterisk (*) serves as a wild card when placed at the end of a character string. Wild cards cannot precede or be
imbedded in a character string.
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Word delimiters are: -/{}:.~*";,|. These symbols will not be recognized as literal characters in a search string.
Stock numbers are preceded by a pound sign (#) in all of the lists used by Gopher.
All of the stock lists used by Gopher mark superscripts with brackets (f]).
All cytological map positions are entered in the database with three digit division numbers and two digit band
numbers so that these alphanumeric items will sort numerically. For example, 67C4-6 is recorded as 067C04-06, and 3C2
as 003C02. Cytological information is available for Bloomington stocks only at present. Gopher search software is still
under development and is not always accurate when searching on cytological locations.

* Examples:

To find a stock by its stock number precede the number with the pound sign (e.g., #617) for Bowling Green stocks,
Umea stocks, and stocks from the main collection at Bloomington. Precede the stock number with #P (e.g., #P43) for
transposon stocks from Bloomington.

To find all available alleles of a gene, type the gene symbol followed by * (e.g., 1t*). To find a specific allele, type
the gene symbol followed by the superscript in brackets (e.g, lt[14]).

Find all stocks with breakpoints in a given division by asking for the three digit division number followed by * (e.g.,
084*). Add the subdivision letter (e.g., 084B*) to find all breakpoints within a given subdivision.

Most published P stocks available from Bloomington can now be found by searching for the laboratory acquisition
name (e.g., ms(3)neo6, A146.3M3, 1(3)A344.1M3, B12-3-5, 1(3)B9-3-53). Stocks carrying specific constructs can be found
by searching for the construct abbreviations, such as lacW, 1ArB, pW8, A92, or Car20, although this search may also turn
up stocks that contain modified versions of the desired construct.

As with rearrangements in the main collection, cytological map positions for insertions are entered as three digit
division numbers and two digit band numbers. To find all insert in 32D, ask for 032D* [see gopher-README.doc in
Stocks/ for updated information].

*  *  * W*

32 by searching for 032*, plus each subdivision (032A*, 032B*, etc.) as described above.

TECHNICAL NOTES VOL. 6-10

AN IMPROVED PROBOSCIS EXTENSION ASSAY
Eva Cheng, Chungming Chang, and Y. Henry Sun, Institute of Molecular Biology, Academia Sinica, Nankang Taipei
11529, Taiwan, Rep. of China. FAX: 886-2-782-6085, YHSUN%IMB@TWNAS886.BITNET.

Flies extend their proboscis in response to a sugar solution applied to the tarsal or labellar taste hairs. This
proboscis extension reflex has been extensively used as an assay for gustatory response. In conventional methods, the fly
is bound by wax or myristic acid (Tompkins, L. & Barnhart, K. J., 1982, DIS 58: 171-172), the test solution is then
applied to the tarsi or labella by cotton-tipped applicator. An alternative method is to mount the fly into a plastic
micropipet tip with the head and first pair of legs protruding out of the tip bore (Vargo, M. & Hirsch, J., 1982, DIS 58:
174). Both methods are tedious and slow, unsuitable for large-scale mutant screens. In addition, the flies are being tested
under strain, which may affect their response. We have developed a method for testing the proboscis extension reflex in
free-walking flies.

A 1.5% agarose solution containing test sugar is boiled and cooled to 50-600C. A 1 ml plastic pipet is cut to 10 cm
length. The sugar-agarose solution is sucked up from one end to 4.5 cm high and then expelled. From the other end of
the pipet, a 1.5% agarose solution is sucked up to 4.5 cm high and also expelled. A thin agarose coating is thus left along
the inner surface of the pipet, with the blank agarose and sugar-agarose on opposite ends, separated by 1 cm to prevent
mixing. At the blank agarose end, a plastic 1000 ul pipet tip (blue tip) is attached, with the tip cut to an opening of 2-3
mm in diameter to allow the fly to pass through. A starved and water-satiated fly is introduced into the test pipet
through the blue tip. The pipet is then raised to a vertical position and an optic fiber illuminator is positioned above the
pipet. The fly is induced to walk upward by negative geotaxis and positive phototaxis. The first section of blank agarose
probably accustoms the fly to the agarose coating. When a wild type fly steps onto the sugar-agarose section, its
proboscis extends repeatedly. The response can be easily observed without a microscope. This assay is simple, rapid, and
the flies are recovered intact. About 60-100 flies can be tested per hour, making large scale mutant screening feasible.
Using this assay, we have isolated several mutants with a defective response to sucrose. It is also possible to sequentially
suck up agarose solutions with increasing concentrations of sugar, creating partially overlapping layers. This allows the
response threshhold to be determined in a single run. This research was supported by grant NSC-78-0203-B001-11 from
the National Science Council, ROC.
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IMMUNOSTAINING OF POLYTENE CHROMOSOMES

Daniele Zink and Renato Paro, ZMBH, University of Heidelberg, Im Neuenheimer Feld 282, D-6900 Heidelberg,

Germany. 49-6221-566878, FAX /565891, bsa210@cvx12.inet.dkfz-heidelberg.de
Many people have contacted us regarding our protocol for immunostaining of polytene chromosomes. Qur current

protocol is listed below, in its entirety. We hope that this will be of use to others who are interested in identifying protein

binding sites in the polytene chromosomes.

1. Preparation of 3rd instar larvae: Use bottles with rich medium (i.e. 8 g agar, 18 g dried yeast, 10 g soybean meal,
7 g molasses, 80 g malt extract, 80 g cornmeal and 6.3 ml propionic acid in 1 It water). Add a large drop of live baker’s
yeast on top of the dried medium. Let the flies lay eggs to the point where larvae will hatch under uncrowded conditions
(< 100 larvae/bottle) and grow larvae at 18[o]C. For salivary gland preparations, use crawling 3rd instar larvae.

2. Chromosome squashes: Dissect two pairs of salivary glands in solution 1. Try to get rid of most of the fat body
without separating the two glands. Using a tungsten needle with a hook, transfer the glands to a drop of solution 2 on a
siliconized coverslip. Fix the glands homogeneously by moving them with the tungsten needle for 10-30 sec in solution 2
(time needs to be adjusted for each individual antigen). Move glands into a droplet (40 ul) of solution 3 on a coverslip
(Corning or equivalent quality, 22x22 mm, not siliconized) and leave them for 2 - 3 min. During this incubation, break up
the glands and get rid of remaining chitinous structures of the pharynx using tungsten needles. Lower a poly-L-lysine
treated slide onto the coverslip. Under the stereo-microscope, tap the coverslip with a pencil until cells are broken up.
Hold the coverslip and spread the chromosomes using the eraser-end of the pencil. Remove excess fixative by pressing
slides (coverslip down) onto blotting paper. Examine the preparation under phase contrast. Mark the position of the
coverslip. After freezing slides in liquid nitrogen, flick off coverslip with a razor blade. Wash slides two times for 15 min.
in PBS, slowly shaking the rack. Proceed with the immunostaining or keep the slides (up to one week) in 100% methanol
or in 50% (w/v) ammonium sulfate at 4[o]C.

3. Immunostaining: Stored slides are washed 2 x 15 min. in PBS. Block for 1 hour in blocking solution at room
temperature (rt). Add 40 ul affinity-purified primary antibodies (i.e. rabbit polyclonal antibodies; try dilutions in the
range from 1:50 to 1:500 in blocking solution) to each slide. Cover with coverslip and incubate for 1 h at rt in a humid
chamber. Rinse in PBS. Wash: 15 min in PBS, 300mM NaCl, 0.2% NP40, 0.2% Tween20-80; then 15 min in PBS,
400mM NaCl, 0.2% NP40, 0.2% Tween20-80. If background problems persist, NaCl conc. can be raised to 500mM.
Shake rack thoroughly during washing. Rinse in PBS. Add 40 ul diluted secondary antibody (i.e. anti-rabbit IgG (Fc)
HRP-conjugate, Promega cat.# W4011, 1:100 dilution) with 2% normal (goat) serum in blocking solution. Cover with
coverslip and incubate for 40 min. at rt in humid chamber. Rinse in PBS. Wash exactly as described above for the
primary antibody. Rinse in PBS. Add 100 ul 0.5 mg/ml DAB-solution (diaminobenzidine tetrachloride; Sigma # D5637)
+ 0.01% H[2]0O[2] (Merck # 7210). Watch the color develop under phase contrast. Stop reaction by dipping slides in
PBS. Wash 10 min. in PBS.

4, Cytology: Stain chromosomes for 10-20 sec. in Giemsa solution (Merck # 9204; 1:130 dilution in 10 mM sodium
phosphate buffer pH 6.8). Rinse in distilled water. Mount in 99.5% glycerol and immediately examine the slides under
the microscope - the giemsa stain fades within a few hours. Chromosomes can be washed in PBS and restained. For
storage, slides can be frozen at -20[0]C. Entelan (EM Science) can be used as a permanent mounting solution. In order
to increase the contrast between the signals and the chromomeres (important for black and white photography) DAB
precipitates can be enhanced by applying a silver amplification system (Amersham). The enhancement is performed
according to the manufacturer’s protocol, except that the silver amplification step is shortened to about 1 min.

Solutions and reagents:

Solution 1: 0.1% Triton X-100 in PBS pH 7.5.

Solution 2: 3.7% formaldehyde, 1% Triton X-100, in PBS pH 7.5. The 37% formaldehyde stock solution used to make
this solution is prepared as follows: 1.85g paraformaldehyde dissolved in 5 ml water, add 70 ul 1 N KOH, dissolve
by boiling).

Solution 3: 3.7% formaldehyde, 50% acetic acid.

Important: Solutions 2 and 3 should be made fresh every 2 - 3 hours!

Blocking solution: 3% BSA, 10% non-fat dry milk, 0.2% NP40, 0.2% Tween20-80 in PBS. Do not worry about the
turbidness of the solution. It still works!

Preparation of Poly-L-lysine coated slides for chromosome squashes: Start with 100 - 200 slides in racks. Soak slidesin a
corrosive detergent solution for 2 hrs. Wash under running tap water for 2 hrs. Wash in distilled water, two
changes. Dip in 95% ethanol, two changes. Air dry. Dip slides into poly-L-lysine solution (slide adhesive solution,
0.1% w/v in water, Sigma Cat# P 8920). Withdraw rack, solution should wet slides uniformly and stay on slides.
Air dry slides.



DIS 72 (July 1993) Drosophila Information Newsletter Reprints 197

PLASMID VECTORS FOR EXPRESSING PROTEINS IN DROSOPHILA TISSUE CULTURE CELLS OR
STUDYING ENHANCER FUNCTION

Michael Koelle and David Hogness, Dept. of Developmental Biology, Beckman Center, Room B300, Stanford
University School of Medicine, Stanford, CA 94305-5427, U.S.A. 415-723-6263, FAX /415-725-7739. ‘

Two plasmid vectors for expression of proteins in transfected Drosophila tissue culture cells have been constructed.

1) pMK26 is a vector for protein expression from the actin 5C promoter in transient transfections. It contains unique
Sall, HindIII, EcoRYV, and PstI sites downstream from the Drosophila actin SC promoter and upstream from a fragment
containing the SV40 splice site and poly(A) addition signals. It was derived from Bluescript+KS and pPac (Krasnow et
al,, Cell 57: 1031-1043, 1989).
2) pMK33 is a vector for inducible protein expression from the metallothionein promoter. This plasmid contains a
bacterial hygromycin-resistence gene driven by the Drosophila copia promoter, allowing the selection of stable
transformed cell lines. Unique Xhol, EcoRV, BamHI, and Spel sites are located downstream from a Drosophila
metallothionein promoter and upstream from the Drosophila actin 5C poly(A) addition signal. Open reading frames
inserted into this multiple cloning site will be efficiently expressed upon addition of copper to the culture medium. This
plasmid contains fragments from pPac, pHSX-MT (Kaufman et al., Cell 59: 359-371, 1989), and pcophyg (Rio et al., Cell
44: 21-32, 1986).

We have also constructed a general purpose lacZ reporter plasmid for use in Drosophila and Drosophila tissue
culture cells. This plasmid, pMK42, contains a minimal Drosophila Adh distal promoter (from -34 to +53 with respect
to the transcription start site) driving a hybrid lacZ gene, consisting of the Ubx untranslated leader and initiation codon,
the E. coli lacZ ORF, and SV40 splice and poly(A) addition signals. A unique Sall site is located upstream of the Adh
TATA box for the insertion of foreign enhancer elements. pMK42 is a derivative of pD(delta)5-34 (Heberlein et al.,
Cell 41: 965-977, 1985) and cP(beta)bxd6.2 (Irvine et al., Development 111: 407-424, 1991).

All of these plasmids have been extensively tested (e.g. Koelle et al., Cell 67: 59-77, 1991). Further information and
DNA is available upon request. Please direct inquiries to Betty Swyryd at the address and phone number given above.

MODIFIED pPac PLASMID FOR TRANSIENT EXPRESSION OF PROTEINS IN TRANSFECTED TISSUE
CULTURE CELLS
Lisa Urness and Carl Thummel, Howard Hughes Medical Institute, 5200 Eccles Institute of Human Genetics, Bldg. 533,
Univ. of Utah, Salt Lake City, UT 84112 U.S.A 801-581-2937, FAX /5374,
CTHUMMEL@HMBGMAILMED.UTAH.EDU

The pPac plasmid was constructed by Krasnow et al. (Cell 57: 1031-1043, 1989) to allow efficient expression of
proteins in transfected Drosophila tissue culture cells. pPac contains a single unique BamHI cloning site located
between the actin 5C promoter and poly(A) addition signal. To extend the usefulness of this plasmid, we have inserted a
polylinker into this BamHI site. The modified vector, which we call pPacPL contains unique BamHI, EcoRYV, Spel,
Xbal, Kpnl, Sacl, Notl, and Hpal restriction sites for the insertion of open reading frames. We will be happy to provide
DNA and maps to anyone interested in using this modified vector.

GENETIC NOTES VOL. 6-10

NEW LAC-Z MARKED BALANCER
Scott Panzer, Alison Fong, and Steve Beckendorf, MCB: Genetics, U. of California, Berkeley, CA 94720, USA.
510-642-6973, FAX /7000; SPANZER@ENZYME.BERKELEY.EDU.

We constructed a new lac-Z marked balancer by jumping a P{eve-lacZ} onto SM6B, Cy Roi. Because eve-directed
beta-gal synthesis starts in blastoderm embryos, embryos carrying the balancer may be distinguished histochemically
from those that don’t at many stages of development. (In contrast, the other lacZ marked second chromosome balancer
we’ve come across, CyO-beta P{elav-lacZ}, is most useful only in embryos older than seven hours old). Flies and more
information available upon request directly from us (send request by email if possible) or from the Bloomington stock
center.

UPDATES AND CORRECTIONS TO THE REDBOOK
(Editor’s note: if you have similar corrections/updates to the Redbook, please send them to KM. A cumulative file of
these corrections will be posted on the Indiana fileserver.)
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(1) mhc, myosin heavy chain -- The draft entry on mhec, published in DIS, volume 68, is accurate, but the entry in
the final version of the "Genome of Drosophila melanogaster” includes an appended exon diagram of mhc, page 459,
that incorrectly labels the five alternative exons 11’s. In our primary publication describing the complete structure of
mhc, George, et al. Mol. Cell Biol. 9, 2957-2974 (1989), we designated the order of these exons (5’ to 3’) to be 11e, 11a,
11b, 11c, 11d. (The diagram on page 459 incorrectly orders these exons 11a, 11b, 11c, 11d, 1le). -- Charles Emerson,
emerson@castor.rm.fccc.edu

(2) Khc, kinesin heavy chain -- The symbol for the kinesin heavy chain gene, shown on p. 296 as Kin, is Khc. -- Bill
Saxton

(3) p. 638: "shaven: see svb" should read "shaven: see sv"

(4) p. 109: add entry “"cel, cell lethal: see 1(3)84Ab" -- Ken Howard

(5) p- 259: add entry "grh, grainy-head: see Ntf" -- Larry Marsh

A NEW MUTANT OF D. SECHELLIA

Isaya Higa and Yoshiaki Fuyama, Dept. of Biology, Tokyo Metropolitan U., Hachioji-Shi, Tokyo 192-03, Japan.
81-426-77-2575, FAX /2559; A910741@JPNTMUOQ0.BITNET.

A new white (w) mutant of D. sechellia spontaneously occurred in an iso-female strain originally collected in
Plaslin Island, Seychelles in 1986. General features are the same as those of white of D. simulans and white[1] of D.
melanogaster. Homozygote fertile and viability normal. Sex-linked and recessive. Does not complement white of D.
simulans.

NEW RADIUS INCOMPLETUS ALLELE AND ITS LETHAL INTERACTION WITH HAIRLESS

Petter Portin and Mirja Rantanen, Laboratory of Genetics, Dept. of Biology, U. of Turku, SF-20500 Turku,
Finland. SEPNE@SARA.CC.UTU.FI

In June 1992 we began to suspect that a spontaneous radius incompletus (ri) mutation had occurred in our Ax[ts1]
stock. We mapped this mutation with the aid of cu and es mutations, and found that the new mutation really mapped to
the position of ri (3-47.0). Our new mutation failed to complement ri, and consequently it was named ri[92f].

Even earlier we had found that in the cross ri[92f] cu es x H es cd/In(3R)P, spr only non-ebony progenies
appeared. Therefore we concluded that the interaction of ri and H is lethal even though both are in a heterozygous
condition.

CORRECTIONS FOR REDBOOK

Dan Lindsley and Georgianna Zimm, Dept. of Biology, U. of California, La Jolla, CA 92093. 619-534-3109, FAX/0053.
p=page, L=left, R=right

p2L, line 12: choromosomes > chromosomes

p8R, ABO table footnote: Sander> Sandler

p25L, Ama-1: alpha-amanatin> alpha-Amanatin

p41R, zen: Location> location

p71R, bottom of page: Add entry "bed:: see ANTC"

p100: Add entry "Ubx[16K] X ray Ramey In(3R)79D;89B Ubx"

p100: Add entry "Ubx[42T] X ray In(3R)70D;89E Ubx"

p100: Add entry "homozygous lethal” to last column of Ubx[130].

p101: Add entry "; T(2;3) " to cytology column and entry "Ubx" to type column of Ubx[A]

p109: Add entry "extreme Ubx" to type column of Ubx[U]

p109R: Add entry "cel: see 1(3)84Ab"

p128R: Add entry "cry: see Su(Ste)"

p128R: Add entry "crystal: see Su(Ste)"

p142L: Add entry "da[12] 7 recessive lethal"

p142L: Add entry "da[13] 7 recessive lethal"

pl42L: Add entry "da[14] 7 recessive lethal"

pl42L: Add entry "da[15] 7 recessive lethal"

pl42L: Add entry "da[16] 7 recessive lethal"

p142L: Add entry "da[17] 7 recessive lethal”
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pl42L: Add entry "da[18] 7 recessive lethal”

pl42L: Add entry "da]19] 7 recessive lethal"

pl42L: Add entry "da[20] 7 recessive lethal"

pl42L, da table footnote: Add entry "7 = Grigliatti."

pl142L, da cytology: Change to "Placed in 32A by fine-structure deficiency analysis of region 31A-32A by Grigliatti et al."

p183R: E(Sd) > E(SD)

P201R, err alleles: Add entry "err|2] - err[4] also isolated."

p201R, err cytology: Change to "Placed in 31E by fine-structure deficiency analysis of region 31A-32A."

P249R, Gbetal3F location: 2-{54} > 2-{51}

p255L: Add entry "Glucose-tasting-defective: see Gtd."

p255L: Add entry "Glutamic acid decarboxylase: see Gad."

p259R: Add entry "grh, grainy head: see Ntf."

P259R: Add entry "groggy: see ggy."

p268L, H references: Add entry "Plunkett, 1926, J. Exp. Zool. 46: 181-244."

p268L, H references: Add (after "Development™) "111: 89-104."

p268R, H[17] (in table): Add entry "gamma ray Posakony/Groger"

p268R, H[18] (in table): Add entry "gamma ray Posakony/Groger"

p268R, H[19] (in table): Add entry "gamma ray Posakony/Groger"

p268R, H[20] (in table): Add entry "gamma ray Posakony/Groger"

p268R, H[21] (in table): Add entry "gamma ray Posakony/Groger"

p268R, H[21] (in table): H[C]> H[C23]

p268R, H[22] (in table): Add entry "gamma ray"

p268R, H[22] (in table): Bang> Posakony

p268R, H[22] (in table): H[C]> H[RP1]

p268R, H[26] (in table): Add entry "X ray."

p288L, inC alleles: InC[1] - InC[3]> inC[1] - inC[3]

p309L (in 1(1)2A table): 1(1)2Af (bold face) > 1(1)2Af (regular)

P309L (in 1(1)2A table): sta> sta (bold face)

PS09R, nod references: Genetics (submitted)> Genetics 125:115-27.

p5S55L, pn: awk[K]> awd[K] (appears twice)

PSS55R, pn: awk[K]> awd[K] (appears four times)

p570R, qua: Nsslein-> Nusslein (diaeresis over the u)

pS70R, qua: f2qua[2] - qua[7]> qua[2] - qua[7] (in italics)

p621L: Add entry "scabrous> sca"

p621L: Add entry "shaven baby> sv"

p740R: For the entry unk, see the CYTOGENETIC MAP, p1132.

p1067: change figure explanation to "the third row shows the N- banding pattern (provided by Pimpinelli, Bonaccorsi,
Dimitri, and Gatti.)."

p1068L: Change reference for figure explanation to "(Pimpinelli, Bonaccorsi, Dimitri, and Gatti)."

p1069L: Change reference for figure explanation to "(Pimpinelli, Bonaccorsi, Dimitri, and Gatti)."

p1069R (upper): Change reference for figure explanation to "(Pimpinelli, Bonaccorsi, Dimitri, and Gatti)."

p1069R (lower): Change reference for figure explanation to "(Pimpinelli, Bonaccorsi, Dimitri, and Gatti)."

Notes appended to Redbook by attendees at the Philadelphia fly meeting:
exo: exocephalon is allelic to phm: phantom (Eberl)

mat(2)N mutations are hypomorphic alleles of 1(2)31Ei

Sryc likely to correspond to wdn (Lepesant)

fs(1)A107 renamed brn: braniac (can’t read signature)

fs(1)1621 renamed snf: simply not fertile (Saltz)

Kin: Kinesin should be Khc: Kinesin heavy chain (Saxton)

1(1)3Ac renamed trol: troll by Datta and Kandel {not 1(1)trol as they suggest}
1(3)73Ab will be named soon (Andrew)

1(3)85Ee renamed hyd: hyperplastic discs (Shearn)

1(3)SG29 renamed md: minidiscs (Shearn)

1(3)SG56 renamed grt: quartet (Shearn)
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New genes inserted into list by participants:

Che: Clathryn heavy chain

dco: discs overgrown (see Developmental Biology 140: 413-429)
Gprkl

Gprk2

Pra: Paramyosin

rdgC: retinal degeneration C

tsh: teashirt

A change that we suggest:
ms(3)sa should be sa: spermatocyte arrest

Symbols used by Ashburner that I prefer over ours:

1(1)17Aa through 1(1)17Ad instead of 1(1)16Fa through 1(1)16Fd
LanA, LanB, and LanC instead of Lam-A, Lam-B, and Lam-C
Pk17C instead of Pk?4

Pk45C instead of Pk?3

Pk53C instead of Pk?7

Pk64F instead of Pk?6

Pk91C instead of Pk?2

Other new synonymy:
Pkc2 is the same as inaC
sbl mutations are allelic to para

CORRECTIONS FOR THE REDBOOK
Dan Lindsley and Georgianna Zimm, Dept. of Biology, U. of California, La Jolla, CA 92093. 619-534-3109, FAX /0053,
REDBOOK@JEEVES.UCSD.EDU, ZIMM@JEEVES.UCSD.EDU.
p=page, L=left, R=right
p 296L: Kin : Kinesin to Khe: Kinesin heavy chain
p 296L, Khc : Add entry " cytology: Located in 52F10-11."
p 296L, Khc : Remove " discoverer: Christensen.”
p 296L, Khe phenotype: Kin to Khe
p 6211, Add entry "scabrous: : see sca"
p 626L, Sdh1 (table): de Jongto Lawrence
p 638R, shaven : svb to sv
p 659L, alphaSpec : Add entry "synonym: 1(3)62Bd"
p 660R, spire : spito spir
p 660R, Add entry "spitz: see spi"
p 779R, wg[l-14] table comments: Add entry "P-element insert”
p 779R, wg molecular biology: Omit wg[l-18]
p 77T9R, wg molecular biology table: Add entry below wg[1] "wg[l-14] located at origin of molecular map"
p 935R, In(2L)wg[P]: Omit "synonym: In(2L)wg[P]"
p 1051L, Tp(2;Y)L12 table cytology: 41A;43E to 41A;43A
p 1051L, Tp(2;Y)R70 tableref: 1,3 to 1
p2618: T(Y2)A1l1l = T(Y;2)h14;028D
p 2634: T(Y;2)B66 = T(Y;2)Xhy[+];028C
p2637: T(Y;2)B104 = T(Y;2)B[S]Xh;028D
p 2763: T(Y;2)R50 = T(Y;2)h1-2;028B
In addition, in The Genome of Drosophila melanogaster, we have ceased superscripting YL and YS to conform to usage
for the autosomes; thus, YSX.YL, etc.
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p 34 (table), Antp[Ns-rv2]: In(3R)81F;90BC to T(3;4)84B1-3;102F

p 34 (table), Antp[Ns-rv72]: Df(3R)84B3;84D to In(3R)84B3;84D

-- Paul Talbert, Basic Sciences M684, Hutchinson Cancer Research Center, 1124 Columbia St., Seattle, WA 98104.
206-667-4509, FAX/5889.

Request for Updated Directory Information

We shall maintain an updated Directory file to be printed periodically in future issues. If there are changes,
additions, or corrections to the Directory as printed in DIS 71, please provide the following information
as soon as possible.

(I recommend that you submit your information on a photocopy of this page so that the original remains
available to you for updating your directory listing.)

City, State, Country:

Full Mailing Address, including postal code:

Telephone Number (optional):

FAX Number (optional):

E-Mail Address (optional):

List of Laboratory Members (Name, Position, and Key Areas of Interest):

Please mail to:
Drosophila Information Service
James N. Thompson, jr., Editor
Department of Zoology
University of Oklahoma



202 Directory of Drosophila Researchers

Drosophila Information Service volume 71 (July 1992) included a tentative version of a Directory of Drosophila
Researchers drawn from a variety of sources. We took names from earlier directories, from the current subscriber list for DIS, and
from information provided to us on directory information request forms sent world-wide and published in DIS volume 70 (July
1991). We are grateful to those who responded to our request for corrections and additions. Even with this assistance, however,
it is clear that this directory is far from complete. It is weighted in favor of individuals and laboratories that read and support
DIS. Hopefully those of you who read and support DIS will find it a useful source of information.

Although some important geopolitical changes were reflected in last year's directory, additional changes have occurred
since then. We apologize for any errors we make in recording them here. The material submitted by researchers themselves is
sometimes ambiguous, but in these changing times, that is understandable.

We will continue to maintain a Directory of Drosophila Researchers and will contribute information to the central
Drosophila database being developed for international communication. Future versions of the Directory will be available from
the Editor at cost, and updated versions will be printed periodically in future issues of Drosophila Information Service. We look
forward 1o receiving information from you and your laboratory at any time.

ABBOTT — ARIAS ARKING — BECKER

Abbott, L.A.: U.S. Boulder, Colorado Arking, R.: U.S. Detroit, Michigan

Abbott, M.: U.S. Manhattan, Kansas Armstrong, T.P.: Australia Armidale, NSW
Abdelhay, E.: Brasil Rio de Janeiro Artavannis-Tsakonas, S.: U.S. New Haven, Connecticut
Abel], T.: U.S. Cambridge, Massachussetts Artero, R.D.: Spain Burjassot (Valencia)
Abelson, L.: U.S. Pasadena, California Artjomova, E.V.: C.LS. Novosibirsk, Kazakhstan
Abmayr, SM.: U.S. University Park, Pennsylvania Asada, N.: Japan Okayama

Achary, PM.: India Calcutta Ashburner, M.: UK. Cambridge

Adell, J.C.: Spain Burjassot (Valencia) Aspi, J.: Finland OQulu

Adler, P.N.: U.S. Charlottesville, Virginia Atrian, S.: Spain Barcelona

Affolter, M.: Switzerland Basel Avelar, T.M.: Portugal Lisbon

Aguadé, M.: Spain Barcelona Ayala, F.J.: U.S. Irvine, California
Aguado-Rodriquez, P.: Spain Salamanca Ayala, Zé: U.S. St. Louis, Missouri

Ahmed, K.: U.S. Salt Lake City, Utah Ayme-Southgate, A.: U.S. Cambridge, Massachussetts
Ahmed, O. A.: France Marseille Ayoutanti, A.: Greece Athens

Aigaki, T.: Japan Hachioji, Tokyo Bichli, G.: Switzerland Ziirich

Aizenzon, M.G.: C.IS. Kiev, Ukrainie Bachmann, L.: Germany Tiibingen

Akam, M.: U.K. Cambridge Baimai, V.: Thailand Bangkok

Akiyama, T.: Japan Sagamihara, Kanagawa Baird, M.B.: U.S. Utica, New York
Alahiotis, S.: Greece Patras Bajraktari, I: (frm) Yugoslavia Pristina
Alatalo, M.: Sweden Géteborg Bakayeva, T.G.: CIS. Moscow, Russia
Alberga, A.: France Strasbourg Baker, B.: U.S. Stanford, California
Alberola, T.: Spain Burjassot (Valencia) Baker, N.: U.S. Bronx, New York

Alcobia, C.: Portugal Lisbon Baker, S.: Israel Jerusalem

Alexandrov, I.D.: C.S.I. Dubna Moscow, Russia Balaii4, J.: Spain Barcelona

Alexandrova, M.V.: C.S.I. Dubna Moscow, Russia Ballinger, D.: U.S. New York, New York
Ali, L.A.: Bangladesh Rajshahi Band, H.T.: U.S. East Lansing, Michigan
Alonso, L.A.G.: U.S. Berkeley, California Baricheva, EM.: C.I.S. Novosibirsk, Kazakhstan
Altmeyer, W.: Germany Saarbriicken Barker, J.S.E.: Australia Armidale, NSW
Alvarez, D.: Colombia Bogotd Bamabo, J.: U.S. Weston, Massachusetts
Amadon, A. : Spain Barcelona Bames, P.T.: U.S. New London, Connecticut
Amero, S.: U.S. Maywood, Illinois Barreto, R.: Colombia Bogotd

Andersen, D.: Denmark Aarhus Barrio, E.: Spain Burjassot (Valencia)
Anderson, K.: U.S. Berkeley, California Bartido, S.: U.S. New York, New York
Anderson, W.W.: U.S. Athens, Georgia Basler, K.: Switzerland Ziirich

Andersson, S.,: Sweden Umea Basu, S.: India Calcutta

Andjelkovic, M.: (frm) Yugoslavia Belgrade Baumgardner, C.: U.S. Galesburg, Illinois
Ann, H.,: Japan Tokyo Baumgartner, P.: Switzerland , Basel
Aotsuka, T.: Japan Tokyo Bayer, C.: U.S. Berkeley, California
Appels, R.: Australia Canberra, A.C.T. Bazinet, C.: U.S. Cleveland, Ohio

Aquadro, C.F.: U.S. Ithaca, New York Beachy, P.: U.S. Baltimore, Maryland
Arbona, M.: Spain Burjassot (Valencia) Beckenbach, A.: Canada Burpaby , B.C.
Argentin, G.: Italy Rome Becker, G.: Germany Mainz

Arias, AM.: UK. Cambridge Becker, M.N.: U.S. Austin, Texas
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BECKINGHAM — BOUHAYER BOURGOIS — CARPENTER
Beckingham, K.: U.S. Houston, Texas Bourgois, M.: Belgium Bruxelles (Belgigue)
Beckman, C.: Canada Montreal, Quebec Bournias-Vardiabasis, N.: U.S. San Bernardino, California
Bedian, V.: U.S. Philadelphia, Pennsylvania Bourouis, M.: France Strasbourg
Bel, Y.: Spain Burjassot (Valencia) Boussy, I.A.: U.S. Chicago, Illinois
Bell, L.: U.S. Los Angeles, California Bownes, M.: UXK. Edinburgh, Scotland
Bellen, H.: U.S. Houston, Texas Boyd, J.B.: U.S. Davis, California
Belyaeva, E.S.: C.I.S. Novosibirsk, Russia Bozcuk, A.N.: Turkey Ankara
Bendena, W.: Canada Kingston, Ontario Brandon, S.: U.S. Tampa, Florida
Bender, M.: U.S. Stanford, California Braver, G.: U.S. Norman, QOklahoma
Benedik, J.: Czechoslovakia BRNQ Bravo, M.L.: Columbia Medellin
Benes, H.: U.S. Little Rock, Arkansas Breen, T.R.: U.S. Cleveland, Ohio
Benner, D.B.: U.S. Johnson City, Tennessee Bregliano, J. C.: France Marseille
Bennett, J.: U.S. Dekalb, Illinois Brehm, A.: Greece Athens
Benson, A.: U.S. Cambridge, Massachussetts Brennan, M.D.: U.S. Louisville, Kentucky
Bentley, M.M.: Canada Calgary, AB Brink, N.G.: Australia Adelaide, S. Australia
Benyajati, C.: U.S. Rochester, New York Brito, R.: Colombia Bogot4
Benzer, S.: U.S. Pasadena, California Britt, S.: U.S. San Antonio, Texas
Berg, C.: U.S. Seattle, Washington Brizuela, B.: U.S. Bethesda, Maryland
Berger, E.: U.S. Hanover, New Hampshire Brncic, D.: Chile Santjago
Bergmann, A.: Germany Tiibingen Brock, H.: Canada Vancouver, B.C,
Bernstein, S.I.: U.S. San Diego, California Brooks, L.: U.S. Providence, Rhode Js]land
Berthier, E., : U.K. Leeds Brothers, R.: U.S. Philadelphia, Pennsylvania
Bets, P.: Netherlands Utrecht Brower, D.: U.S. Tucson, Arizona
Beuchle, D.: Germany Tiibingen Bruck, D.L.: U.S. Rio Piedras, Puerto Rico
Beyer, AL.: U.S. Charlottesville, Virginia Bruins, B.: Netherlands Utrecht
Bhadra, U.: India Calcutta Bryant, S.H.: U.S. Pomona, Californja
Bier, E.: U.S. La Jolla, California Buchner, E.: Germany Wiirzburg
Biggen, M.: U.S. New Haven, Connecticut Buck, S.: U.S. Detroit, Michigan
Bigler, D: Switzerland Zurich Buckles, G.: U.S. Dallas, Texas
Bijlsma, R.: Netherlands Haren. Groningen Budnik, M.: Chile Santiago
Billett, L.: Australia Adelaide, S. Australia Buenemann, H.: Germany Diisseldorf
Bilfinger, M.: Germany Miinchen Bull, A.L.: U.S. Roanoke, Yirginia
Bingley, M.: U.K. Leeds Bundgaard, J.: Denmark Aarhus
Birchler, J.A.: U.S. Columbia, Missouri Burde, V.: U.S. Rochester, Michigan
Bishop, C.: U.S. Potsdam, New York Burdette, W.J.: U.S. Houston, Texas
Bishop, S.: UK. Cambrjdge Burgess, E.: Canada Torento, Ontario
Bixler, A.: U.S. Philadelphia, Pennsylvania Bumet, B.: U.K. Sheffield
Biyasheva, Z.M.: C.I.S. Alma-Ata, Kazakhstan Burtis, K.: U.S. Davis, Californja
Black, B.C.: U.S. Yardley, Pennsylvania Bustos, E.: Colombia Bogot4
Blackman, R.: U.S. Urbana, [llinois Butterworth, F. M.: U.S. Rochester, Michigan
Blair, S.: U.S. Madison, Wisconsin Buzykanova, G.N.: C.I.S. Novosibirsk, Kazakhstan
Blesa, D.: Spain Burjassot (Valencia) Byars, C.: U.S., Salt Lake City, Utah
Block, K. : Sweden Goteborg Bykowski, M: U.S. Tucson, Arizona
Boccaccio, G.: Argentina, Buenos Ajres Cabot, E.: U.S. Chicago. Illinojs
Bodmer, R.: U.S. Ann Arbor, Michigan Cackburn, A.F.: U.S. Gainesville, Flordia
Boerema, A.C.: Netherlands Haren, Groningen Cadigan, K.: Switzerland Basel
Bogahawatta, C.N.L.: Sri Lanka Negegoda Cai, H.: U.S. St. Louis, Missouri
Bojesen, D.: U.S. Rochester, Michigan Calatayud, M.: Spain Burjassot (Valencia)
Bonga, S. S.: U.S. Davis, California Callaerts, P.: Switzerland Basel
Bonini, N.: U.S. Pasadena, California Callahan, C.A.: U.S. San Diego, California
Bonorino, C.B.C.: Brazil Porto Alegre Campbell, H.: Australia Canberra, A.C.T.
Borst, A.: Germany Tiibingen Campos, H.: Colombia Bogot4
Bossie, C.: U.S. Piscataway, New Jersey Campos-Ortega, J. A.: Germany Kdln
Boswell, R.E.: U.S. Bolder, Colorado Cirdenas, H.: Colombia Bogati
Botas, J.: U.S. Houston, Texas Carlson, J.H.: U.S. Lawrenceville, New Jersey
Boortzis, K.: Greece Crete Carpenter, A.: U.K. Cambridge

Bouhayer, S.: Greece Patras Carpenter, J.: U.S. Lexington, Kentucky
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CARSON — COHEN

Directory List

COHEN — DE MOED

Carson, H.L.: U.S. Honolulu, Hawaii
Cartwright, I. L.: U.S. Cincinnati, Ohio

Carulli, J.: U.S. St. Louis, Missouri

Casal, J.: Germany Tiibingen

Casar, B.U.: Mexico Saltillo, Coahuila

Cass, C.: U.S. Charlottesville, Virginia
Cavicchi, S.: Italy Bologna

Cavolina, P.: Italy Palermo

Cederberg, H.: Sweden Stockholm

Chabora, P.C.: U.S. New York, New York
Chadov, B.F.: C.I.S. Novosibirsk, Kazakhstan
Chadova, E.V.: C.LS. Novosibirsk, Kazakhstan
Chambers, G.: New Zealand Wellington
Chambon, P.: France Sfrasbourg

Champion, L.E.: U.S. Research Triangle Park, N. C.
Chang, H.-Y.: China Republic of Nankang, Taipei
Charlesworth, B.: U.S. Chicago, Illinois

Chase, B.: U.S. Omaha, Nebraska

Chatterjee, R.N.: India Calcutta

Chatterjee, S.: India Calcutta

Chen, D.-M.: U.S. St. Louis, Missouri

Cheney, C.: U.S. St. Louis, Missouri

Cheng, N.: Canada Vancouver, B.C.

Cherbas, P.: U.S. Bloomington, Indiana

Chia, W.: Republic of Singapore Singapore
Chigusa, S.I.: Japan Tokyo

Chihara, C.J.: U.S. San FranC.1.S.co, California
Choi, E.J.: Republic of Korea Seoul

Choi, Y.: Republic of Korea Seoul

Choo, J.K.: Republic of Korea Seoul

Chopra, M.: U.S. Buffalo, New York

Chovnick, A.: U.S. Storrs, Connecticut
Christensen, A.C.: U.S. Philadelphia, Pennsylvania
Christopoulou, A.: Greece Patras

Chroust, K.: Czechoslovakia BRNO
Chumchong, C.: Thailand Bangkok

Chung U.J.: Republic of Korea Seoul

Chung, K.W.: Republic of Korea Seoul

Chung, Y.D.: Republic of Korea Seoul

Chung, Y.J.: Republic of Korea Seoul

Chung, Y.L.: Republic of Korea Seoul

Cicchetti, R.: Italy Rome

Cifuentes, L.: Chile Santiago

Cirera, S.: Spain Barcelona

Cladera, J.: Argentina, Buenos Aires

Clark, A.G.: U.S. University Park, Pennsylvania
Clark, R.F.: U.S. St. Louis, Missouri

Clark, S.H.: U.S. Newington, Connecticut
Clark, W.: U.S. Piscataway, New Jersey
Claudianos, C.: Australia Canberra, A.C.T,
Clayton, F.E.: U.S. Fayetteville, Arkansas
Cléard, F.: Switzerland Geneva

Clements, D.: UK. Brighton

Clinton, J.: U.K. Edinburgh, Scotland

Coates, D.: U.K. Leeds

Cochrane, BJ.: U.S. Tampa, Elorida
Cohen, B.: U.S. New York, New York

Cohen, J.: U.S. New York, New York

Cohen, J.: U.S. Philadelphia, Pennsylvania
Cohen, L.: U.S. Philadelphia, Pennsylvania
Cohen, S.: U.S. Houston, Texas

Collett, J.I.: U.K. Brighton

Colley, N.: U.S. La Jolla, California

Collier, C.: UK. Cambridge

Comerén, J.M.: Spain Barcelona

Compos, A.: U.S. Cambridge, Massachussetts
Connolly, KJ.: U.K. Sheffield

Conrad, A.: Germany Bochum

Conway, J.: U.S. Philadelphia, Pennsylvania
Cook, K.R.: U.S. Jowa City, Jowa

Cooley, L.: U.S. New Haven, Connecticut
Corces, V.G.: U.S. Baltimore, Maryland
Cornelius, G.: Germany Saarbriicken
Coronella, J.A.: U.S. Tampa, Florida

Correa, M.C.: Columbia Medellin

Costello, W.J.: U.S. Athens, Georgia

Cotsell, J.: Australia Canberra, A.C.T.
Couderc, J.L.: France Clermont-Ferrand
Counce, SJ.: U.S. Durham, North Carolina
Courreges, V.C.: U.S. New London, Connecticut
Coyle-Thompson, C.: U.S. Sylmar, California
Coyne, J.: U.S. Chicago, [llinois

Coyne, J.A.: U.S. Chicago, Illinois
Craddock, E.: U.S. Purchase, New York
Craig, C.A.: U.S. St. Louis, Missouri

Craven, D.: Australia Sydney, N.S.W.

Crews, S.: U.S. Los Angeles, California
Cribbs, D.: France Toulouse

Cripps, R.: U.S. San Diego, California
Cronmiller, C.R.: U.S. Charlottesville, Virginia
Crosby, M.A.: U.S. St, Paul, Minnesota
Crossley, S.A.: Australia Clayton, Victoria
Crowley, T.: U.S. New York, New York
Cuenca, J.: Spain Burjassot i
Cummings, M.R.: U.S. Chicago, Illinois
Curtis, D.: U.S. Cambridge, Massachussetts
Dalby, B.: U.K. London

Danilevskaya, O.N.: C.l.S. Moscow, Russia
Dapkus, D.: U.S. Winona, Minnesota

Das, P.C.: India Calcutta

DasGupta, S.: India Calcutta

Dastugue, B.: France Clermont-Ferrand
David, R.: U.S. Cold Spring Harbor, New York
Davies, P.L.: Canada Kingston, Ontario
Davis, A.: UK. Leeds

Davis, P.S.: U.S. Research Triangle Park, N, C.
Davis, R.L.: U.S. East Lansing, Michigan
Davis, T.: U.K. Brighton

De, A.: India Varanasi

De Couet, G.: U.S. Honolulu, Hawaii

De Toma, C.: Italy Bologna

de Frutos, R.: Spain Burjassot (Valencia)

de Jong, G.: Netherlands Utrecht

de Moed, G.: Netherlands Utrecht
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DEAROLF — ENGSTROM

Directory List

ERIESSON — GALINDO

Dearolf, C.R.: U.S. Boston, Massachusetts
Degelmann, A.: Germany Diisseldorf
Demopoulos, N.: Greece Patras

Deng, Y.: U.S. Summit, New Jersey
Deorgieva, T.G.: Bulgaria Sofia

Desplan, C.: U.S. New York, New York
Dewees, A.A.: U.S. Huntsville, Texas

Di Lemma, G.: Italy Palermo

Di Pasquale Paladino, A.: Italy Palermo
Dickinson, M.: U.S. Chicago, Illinois
Dickinson, W.J.: U.S. Salt Lake City, Utah
Diederich, R.J.: U.S. New Haven, Conpnecticut
Dimitrova, M.L.: Bulgaria Sofia

Dinardo, S.: U.S. New York, New York
Dixon, L. K.: U.S. University Park, Pennsylvania
Dixon, L.: U.S. Denver, Colorado

Doane, W.W.: U.S. ~Tem;§, Arizona

Doctor, J.: U.S. Pitisburgh, Pennsvlvania

Dodd, D.M.B.: U.S. Wilmington, North Carolina
Doe, C.: U.S. Urbana, [llinois

Dooher, K.: UK. Leeds

Dorsett, D.: U.S. New York, New York
Druger, M.: U.S. Syracuse, New York
Drysdale, R.: UK. Cambridge
Diibendorfer, A.: Switzerland Ziirich
Dudas, S. P.: U.S. Detroit, Michigan
Duffy, J.: U.S. Stony Brook, New York
Duncan, G.: U.S. Lincoln, Nebraska
Duncan, I.: U.S. St. Louis, Missouri
Duncker, B.: Canada Kingston, Ontario
Durica, D.S.: U.S. Norman, Oklahoma
Dusenbery, R.: U.S. Detroit, Michigan
Dushay, M.S.: U.S. Waltham, Massachusetts
DuttaGupta, AK.: India Calcutta
Dutton, F.L.: U.S. Storrs, Connecticut
Duyf, B.: Canada Guelph. Ontario

Dyby, S.: U.S. Austin, Texas

Dytham, C.: UK. Leeds

Eanes, W.: U.S. Stony Brook, New York
Eberl, D.: U.S. Buffalo, New York
Ebert, P.: U.S. New Haven, Connecticut
Edery, I.: U.S. Waltham, Massachusetts
Edgecomb, R.S.: U.S. [thaca, New York
Egelhaaf, M.: Germany Tiibingen
Ehrman, L.: U.S. Purchase, New York
Eisen, A.: U.S. Atlanta, Georgia
Eissenberg, J.C.: U.S. St. Louis, Missouri
Eisses, K.Th.: Netherlands Utrecht
Ekstrom, K.: Sweden Umea

Elgin, S.CR.: U.S. St. Louis, Missouri
Ellis, HM.: U.S. Atlanta, Georgia
Emecen, G.: Turkey Ankara

Enander, P.: Sweden Umea

Endow, S.A.: U.S. Durham, North Carolina
Engels, W.: U.S. Madison, Wisconsin
Englert, D.C.: U.S. Carbondale, Illinois
Engstrom, L.E.: U.S. Muncie, Indiana

Ericsson, C.: Sweden Stockholm

Ertiirk, N.H.: Turkey Ankara

Etges, W. J.: U.S. Fayetteville, Arkansas
Evert, H.T.: Australia Clayton, Victoria
Factor, J.R.: U.S. Purchase, New York
Falk, R.: Israel Jerusalem

Falk, R.: U.S. Amherst, Massachusetts
Fang, H.: China Republic of Nankang, Taipei
Farkas, R.: U.S. Piscataway, New Jersey
Fasano, L.: U.S. New York, New York
Feany, M.B.: U.S. Boston, Massachusetts
Feder, J.: U.S. Chicago, Illinois

Fehon, R.: U.S. Durham, North Carolina
Fehr, K.: U.S. Atlanta, Georgia
Felsenfeld, A.: U.S. Bethesda, Maryland
Ferrandon, D.: Germany Tiibingen

Ferré, J.: Spain Burjassot (Valencia)
Ferrts, A.: Spain Madrid

Fessler, J.: U.S. Los Angeles, California
Filosa, M.F.: Canada West Hill, Ontario
Finelli, A.: U.S. Piscataway, New Jersey
Finkelstein, R.: U.S. Boston, Massachusetts
Finnegan, D.J.: U.K. Edinburgh, Scotland
Finnerty, V.M.: U.S. Atlanta, Georgia
Fischbach, K.-F.: Germany Frejburg i,
Fitch, C.: U.S. Seattle, Washington
Flavell, A.: U.K. Dundee, Scotland
Fleming, R.: U.S. Rochester, New York
Flint, K. K.: U.S. Waltham, Massachusetts
Flister, S.: Switzerland Basel

Fogleman, J.: U.S. Denver, Colorado
Follner, K.: Germany Miinchen

Forbes, P.D.: U.S. Horsham, Pennsylvania
Forbes, S.: UK. Edinburgh, Scotland -
Force, A.: U.S. Detyoit, Michigan

Forsyth, T.R.: U.S. Morehead, Kentucky
Foster, J.L.: U.S. Memphis, Tennessee

Fowler, K.: UK. Edinburgh, Scotland
Frankham, R.: Australia Sydney, N.S.W

Frasch, M.: U.S. New York, New York

French, V.K.: U.K. Edinburgh, Scotland
Freriksen, A.: Netherlands Utrecht

Friedman, T.B.: U.S. East Lansing, Michigan
Frisch-Brandes, B.: U.S. Waltham, Massachusetts
Fryxell, K.: U.S. Riverside, California

Fiiger, M.: Germany Tiibingen

Fujimoto, K.: Japan Okayama

Fujisawa, R.: Japan Tokyo

Fukatami, A.: Japan Sakado, Saitama

Fukui, HH.: U.S. St. Payl, Minnesota
Fukumitsu, T.: Japan Okayama

Furman, D.P.: C.I.S. Novosibirsk, Kazakhstan
Furukubo-Tokunaga, K.: Switzerland Basel
Fuse, N.: Japan Misima

Fuyama, Y.: Japan Tokyo

Galiana, A.: Spain Burjassot (Valencia)
Galindo, M.1.: Spain Burjassot (Valencia)




206

GALL — GREENLEAF

Directory List

Gall, J. G.: U.S. Baltimore, Marvland

Galloni, M.: Switzerland Geneva

Galoyan, A.A.: C.IS. Yerevan, Armenia
Ganetzky, B.S.: U.S. Madison, Wisconsin
Garcia-Bellido, A.: Spain Madrid

Garcia-H., M.E.: Mexico Saltillo, Coahuila
Garden, A.: Canada Victoria, B.C.

Garen, A.: U.S. New Haven, Connecticut
Gateff, E.: Germany Mainz

Gatti, M.: Italy Rome

Geer, B.W.: US. Galesburg, Illinoig

Gehring, W.J.: Switzerland Base]

Geisler, R.: Germany Tiibingen

Gelbart, WM.: U.S. Cambridge, Massachussetts
Gendre, N.: Switzerland Fribourg

Genovés, J.F.: Spain Burjassot (Valencia)
Georgieva, T.G.: C.I.S. Moscow, Russia
Gepner, J.: U.S. St. Paul, Minnesota
Gerasimova, T.I.: U.S. Baltimore, Maryland
Gergen, P.: U.S. Stony Brook, New York
Geyer, P.: U.S. Jowa City, Jowa
Ghosh-Mukherjee, S.: India Calcutta
Giangrande, A.: France Strasbourg

Gibson, W.: U.S. Research Triangle Park, N. C.
Gibson, J.B.: Australia Canberra City, ACT
Gillam, I.: Canada Vancouver, B.C.

Giorgi, G.: Italy Bologna

Girton, J.R.: U.S. Ames, lowa

Glitzer, K.H.: Germany Diisseldorf

Gloor, H.: Switzerland Gepeva

Glover, C.V.: U.S. Athens, Georgia

Godt, D.: U.S. Los Angeles, Califorpia
Goerick, S.: Germany Bochum

Goldstein, E.: U.S. Tempe, Arizona

Goldstein, L.: U.S. Cambridge, Massachussetts
Golic, K.G.: U.S. Salt Lake City, Utah

Golic, M.: U.S. Salt Lake City, Utah

Gomez, S. P.: U.S. Gainesville, Florida
Goémez-Gémez, F.: Colombia Bogotd

Gong, Y.: Netherlands Nijmegen

Gonzdlez, A.: Spain Burjassot (Valencia)
Gonzilez, F.: Spain Burjassot (Valencia)
Gonzilez, R.: Spain Barcelona

Goode, E.A.: U.S. Research Triangle Park, N. C.
Gordesky-Gold, B.: U.S. Philadelphia, Pennsylvania
Gordon, K.: U.S. Salt Lake City, Utah

Gore, N.D.: U.S. Research Triangle Park, N. C.
Gorodetsky, V.P.: C.IS. Kishinev, Ukraine
Gottlieb, J.F.: U.S. Purchase, New York

Gétz, K.: Germany Tiibingen

Graf, U.: Switzerland Ziirich

Graham, L.: Canada Kingston, Ontario

Granok, H.: U.S. St. Louis, Missouri
Graphodatsky, A.S.: C.LS. Novosibirsk, Kazakhstan

Graves, J.: U.S. Research Triangle Park, N. C.
Green, C.: UK. Cambridge

Greenleaf, A.L.: U.S. Durham, North Carolina

GREENSPAN — HEIKKINEN

Greenspan, R. J.: U.S. Nutley, New Jersey
Grenke, L.: U.S. Chicago, Illinois
Griffith, L.: U.S. Waltham, Massachusetts
Grigliatti, T.: Canada Vancouver, B.C.
Grinbaum, Y.: Israel Jerusalen

Gromko, M.: U.S. Bowling, Green, Qhio
Grossniklaus, U.: Switzerland Basel
Grozdev, V.A.: C.I.S. Moscow, Russian
Gryllis, C.: Canada Montreal, Quebec
Gubb, D.: U.K. Cambridge

Guerra, D.: Italy Bologna

Guild, G.: U.S. Philadelphia, Pennsylvania
Gundelfinger, E.: Germany Hamburg
Gupta, J.P.: India Varanasi

Gupta, K.K.: India Varanasi

Gustafson, T.: U.S. Rochester, Michigan
Gutierrez, R.: Spain Madrid

Gutknecht, J.: Germany Tiibingen
Haapala, O.: Finland Turku
Hadziselimovic, R.: (frm) Yugoslavia Sarajevo
Haenlin, M.: France Strasbourg

Haerry, T.: Switzerland Basel

Hageman, J.: Netherlands Utrecht

Halder, G.: Switzerland Basel

Hales, K.: U.S. Chicago, llinojs

Hall, D.: Australia Canberra, A.C.T.

Hall, J.C.: U.S. Waltham, Massachusetts
Hall, L.M.: U.S. Buffalo, New York
Hamblen-Coyle, M.J.: U.S. Waltham, Massachusetts
Handler, AM.: U.S. Gainesville, Florida
Hannah-Alava, A.: Finland Turku

Hanske, M.: Netherlands Nijmegen

Hao, H.: Canada Kingston, Ontario

Hardy, R.W.: U.S. La Jolla, California -
Harhanghi, H.: Netherlands Nijmegen
Hariyama, T.: Japan Sendai

Harkins, B.: U.S. New Haven, Connecticut
Harrelson, A.: U.S. Columbia, Missouri
Harrington, M.: Canada Vancouver, B.C,
Harris, RJ.: U.S. Eugene, Oregon
Harshman, L.: U.S. Davis, California
Hartl, D.: U.S. Cambridge, Massachusetts
Hashimoto, C.: U.S. New Haven, Connecticut
Hauschteck-Jungen, E.: Switzerland Ziirich
Hawley, R.S.: U.S. Bronx, New York
Hayashi, I.: U.S. Duarte, California
Hayashi, L.: U.S. Honolulu, Hawaii
Hayashi, S.: Canada Vancouver, B.C,
Hayashi, S.: Japan Misima

Haymer, D.S.: U.S. Honolulu, Hawaii
Haynes, SR.: U.S. Bethesda, Maryland
Hays, T.S.: U.S. St. Paul, Minnesota
Heck, M.: U.S. Baltimore, Maryland
Hedrick, P.W.: U.S. Tempe, Arizona
Heemskerk, J.: U.S. Berkeley, California
Hegde, S.N.: India Mysore

Heikkinen, E.: Finland Qulu
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HEIKKINEN — HU, D.

Heikkinen, E.: Germany Tiibingen

Heilig, J.S.: U.S. Boulder, Colorado
Heino, T.I.: Finland Helsinki

Heimbeck, G.: UK. Cambridge
Heisenberg, M.: Germany Wiirzburg
Heisler, I.L.: U.S. Eugene, Oregon
Heitzler, P.: France Strasbourg

Held, L. L, jr.: U.S. Lubbock, Texas
Hellack, JJ.: U.S. Norman, Oklahoma
Hengstenberg, R.: Germany Tiibingen
Hennig, W.: Netherlands Nijmegen
Henrich, V.C.: U.S. Greensboro, North Carolina
Hernandez, A.: Spain Burjassot (Valencia)
Hernandez, M.E.G.: U.S. Hidalgo, Texas
Hess, O.: Germany Diisseldorf

Hickey, D.: Canada Ottawa, Ontario
Hilfiker, A.: U.S. Atlanta, Georgia
Hilfiker, D.: U.S. Adanta, Georgia

Hill, RJ.: Australia Sydpey, N.S.W,
Hilliker, A.: Canada Guelph, Ontario
Hillman, R.: U.S. Philadelphia, Pennsylvania
Hinz, U.: Germany Koln

Hirose, S.: Japan Misima

Hirsch, J.: U.S. Champaign, lllinois
Hirsh, J.: U.S. Charlottesville, Yirginia
Ho, K.-F.: U.S. New York, New York
Hochmuth, E.: Germany Miinchen
Hochstenbach, R.: Netherlands Nijmegen
Hoekstra-du Pui, M.L.L.: Netherlands Haren, Groningen
Hoelzinger, D.: U.S. Tempe, Arizona
Hoenigsberg, H.F.: Columbia Bogota
Hofbauer, A.: Germany Wiirzburg
Hofstetter, A.: Germany Miinchen
Hoikkala, A.: Finland Oulu

Hollenhurst, B.: U.S. Notre Dame, Indiana
Hollocher, H.: U.S. Chicago, Illinois
Holm, D.: Canada Yancouver, B.C,
Holmgren, R.: U.S. Evanston, Illinojs
Homyk Jr,, T.: U.S. Charlottesville, Virginia
Honeggar, M.: U.S., Salt Lake City, Utah
Hong, K.J.: Republic of Korea Seoul
Hooper, J. : U.S. Denver, Colorado
Hopmann, R.: U.S. St, Louis, Missouri
Hori, S.H.: Japan Sapporo

Horris, PM.V.: U.S. Davis, California
Hosford, J.: U.S. Chestnut Hill, Massachusetts
Hoshizaki, D.: U.S. Chicago, Illinois
Hosoya, T.: Japan Tokyo

Hossain, M.A.: Bangladesh Rajshahi
Hotta, Y.: Japan Tokyo

Houle, D.: U.S. Chicago, Illinois

Houle, D.: Canada Toronto, Ontario
Houtchens, K.: U.S. Honolulu, Hawaii
Hovemann, B.T.: Germany Heidelberg
Hoy, M.: U.S. Berkeley, California
Hsieh, T.: U.S. Durham, North Carolina
Hu, D.: China Beijing
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HU,K. —JUPE

Hu, K.: China People's Repb._ of Hainan

Huang, N.: U.S. Norman, Oklahoma

Huang, S.-M.: U.S. Research Triangle Park, N. C.
Huey, R. B.: U.S. Seattle, Washington
Hultmark, D.: Sweden Stockholm

Hung, M.-H.: China Republic of Nankang, Taipei
Hunt, J.A.: U.S. Honolulu, Hawaii

Hurley, J. B.: U.S. Seattle, Washington
Hussain, AF.: Iraq Baghdad

Hyde, D.: U.S. Notre Dame, Indiana

Iannini, A.: Colombia Bogotd

Idili, C.: Italy Rome

Imasheva, A.G.: C.I.S. Moscow, Russja
Imberski, R.B.: U.S. College Park, Maryland
Inaga, A.: Japan Sakado, Saitama
Inocencio-Green, B.: U.S. Purchase, New York
Inoue, Y.: Japan Osaka, Minoo

Irick, H.: U.S. Davis, California

Irizarry, B.: U.S. Rio Piedras, Puerto Rico
Ish-Horowicz, D.: U.K. Oxford

Ishii, S.: Japan Ibaraki Tsukuba

Islam, M.S.: Bangladesh Rajshahi

Isoda, K.: Germany Tiibingen

Isono, K.: Japan Sendai

Ito, K.: Germany Mainz

Ivannikov, A.V.: C.I.S. Novosibirsk, Kazakhstan
Jack, J.W.: U.S. New York, New York

Jackson, FR.: U.S. Shrewsbury, Massschusetts
Jacobs, JR.: Canada Hamilton, Ontario
Jacobs-Lorena, : U.S. Cleveland, Ohio
Jacobson, J.W.: U.S. Houston, Texas

Jaenike, J.: U.S. Rochester, New York

Jaime, B.: Mexico Saltillo, Coahuila

James, T.C.: U.S. Middletown, Connéctict

Jan, L.: U.S. San FranC.L.S co, California
Janning, W.: Germany Miinster

Jarman, M.: U.K. Brighton

Jeffery, D.E.: U.S. Provo, Utah

Jelisavcic, B.: (frm) Yugoslavia Belgrade

Jenkinson, L.: U.K. Leeds

Jeong, D.Y.: U.S. Eugene, Oregon

Jeung, M.: U.S. Norman, Oklahoma
Johansson, B.: Sweden Umea

Jonathan, B.C.: U.S. Tucson, Arizona
Johnsen, R.C.: U.S. Garden City, New York

Johnson, D.: U.S. Washington, D. C,
Johnson, G.: U.K. Cambridge

Johnson, K.: U.K. Cambridge

Johnson, W.A.: U.S. Jowa City, Jowa

Jones, G.: U.S. Lexington, Kentucky

Jones, C.J.: U.S. Coldspring Harbor, New York
Jovanovska-Rizova, M.: (frm) Yugoslavia Skopje
Jowett, T.: U.K. Newcastle Upon Tyne

Juan, E.: Spain Barcelona

Judd, B.H.: U.S. Research Triangle Park, N. C.
Judd, D.: US,, Salt Lake City, Utah

Jupe, ER.: U.S. Cincinnati, Ohio
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KLINGLER — LATTER

Kadlecova, J.: Czechoslovakia BRNQ

Kaguni, L.: U.S. East Lansing, Michigan
Kaidanov, LZ.: C.IS. St. Petersburg, Russia
Kaiser, K.: U.K. Glasgow, Scotland

Kalisch, W.-E.: Germany Bochum

Kalthoff, K.: U.S. Austin, Texas
Kambysellis, M.P.: U.S. New York, New York
Kamdar, K.P.: U.S. Atlanta, Georgia
Kamping, A.: Netherlands Haren, Groningen
Kaneko, A.: Japan Tokyo

Kaneko, M.: Japan Tokyo

Kaneshiro, K.Y.: U.S. Honolulu, Hawaii
Kang(Song), Soon JA.: Republic of Korea Seoul
Kania, M.: U.S. Stony Brook, New York
Kankel, D.R.: US. New Haven, Connecticut
Kankel, K.: U.S. New Haven, Connecticut
Kar, A.: India Pune

Karch, F.: Switzerland Gepeva
Karkowski-Shuman, L.: U.S. Universitv Park, PA
Karpen, G.: U.S. San Diego, California
Karpovsky, A.L.: Russian Fed.Dubna Moscow
Kasprzak, A.: Australia Canberra, A.C.T.
Katokhin, A.V.: C.LS. Novosibirsk, Kazakhstan
Katz, F.: U.S. Dallas, Texas

Katzen, A.: U.S. San FranC.1.S.co, Califorpia
Kazuko, S.: U.S., Salt Lake City, Utah
Keegan, L.: Switzerland Basel

Kekic, V.: (frm) Yugoslavia Belgrade
Kellerman, K.: U.S. St. Louis, Missouri
Kennison, J.: U.S. Bethesda, Marvland
Kernan, M.: U.S. La Jolla, California
Kerridge, S.: France Marseille

Khadem, N.: Greece Athens

Khazaeli, A.A.: U.S. St. Paul, Minnesota
Khechumian, RK.: C.IS. Yerevan, Armenia
Kibart, M.: U.K. Sheffield

Kidwell, M.G.: U.S. Tucson, Arizona

Kiefel, P.: U.S. St. Louis, Missouri

Kiehart, D.: U.S. Durham, North Carolina
Kim, AJ.: Republic of Korea Seoul

Kim, D.I.: Republic of Korea Taejeon

Kim, N.W.: Republic of Korea Seoul

Kim, S.Y.: Republic of Korea Seoul

Kim, U.K.: Republic of Korea Seoul

Kim, W.: Republic of Korea Choong Nam
Kim, Y.-K.: U.S. Purchase, New York

Kimura, M.T.: Japan Sapporo

King, L.: U.S. Cambridge, Massachussetts
King, R.C.: U.S. Evanston, Illinois

Kirby, K.: Canada Guelph, Ontario
Kirschfeld, K.: Germany Tiibingen

Kitagawa, O.: Japan Tokyo

Kittel, M.: Germany Tiibingen

Kitthawee, S.: Thailand Bangkok

Klimbt, C.: Germany Kdln

Klarenberg, A.: U.K. Leeds

Klarenberg, AJ.: Germany Miinchen

Klingler, M.: U.S. Stony Brook, New York
Kloter, U.: Switzerland Basel

Klug, W.S.: U.S. Trenton, New Jersey

Knossel, M.: Germany Tiibingen

Knust, E.: Germany Kéln

Koehler, W.: Germany Giessen

Koepfer, H.R.: U.S. New York, New York
Koizumi, K.: Japan Tokyo

Kojima, S.: Japan Tokyo

Kokoza, V.A.: C.I.S. Novosibirsk, Kazakhstan
Kolia-Yakoumi, G.: Greece Athens

Koliantz, G.: U.S. West Lafvette, Indiana
Komatsu, A.: Japan Tokyo

Komma, D.: U.S. Durtham, North Carolina
Kondo, S.: Switzerland Basel

Kopyl, S.A.: C.IS. Novosibirsk, Kazakhstan
Korablinova, S.V.: Russian Fed. Dubna Moscow
Korochkin, L.I.: C.I.S. Moscow, Russia
Korol, A.B.: C.I.S. Kishinev, Ukraine
Kosuda, K.: Japan Sakado, Saitama

Kotarski, M.A.: U.S. Morgantown, West Virginia
Kouriti, A.: Greece Athens

Kovtyukh, L.P.: C.LS. Kishinev, Ukraine
Kozhemyakina, T.A.: C.IS. Novosibirsk, Kazakhstan
Kozlova, T.Yu.: C.I.S. Novosibirsk, Kazakhstan
Kramers, P.G.N.: Netherlands Bilthoven
Krasnow, M.: U.S. Stanford, California
Kraus, K.: U.S. Decorah, Iowa

Kreber, R.A.: U.S. Madison, Wisconsin
Krebs, R.A.: Australia Armidale, NSW

Krefer, O.: Germany Miinchen

Kreitman, M.: U.S. Chicago, Illinois

Krider, H.: U.S. Storrs, Connecticut

Krimbas, C. B.: Greece Athens

Kroeger, H.: Germany Saarbriicken

Kuhn, D.T.: U.S. Orlando. Florida

Kundu, J.K.: India Calcutta

Kurenova, E.V.: C.I.S. Moscow, Russia
Kuroda, M.: U.S. Houston, Texas
Kurzik-Dumke, U.: Germany Mainz

Kuzin, B.: U.S. Philadelphia, Pennsylvania
Kwon, H.C.: Republic of Korea Seoul

Kyba, M.: Canada Yancouver, B.C.

Labonne, S.: U.S. Schenectady, New York
Lachaise, D.: France Gif-sur-Yvette

Laguna, M.: Colombia Bogotd

Laird, C.: U.S. Seattle, Washington

Lakhotia, S.C.: India Yarapasi

Lakovaara, S.: Finland Quly

Lang, A.: UK. Leeds

Lankenau, Dr: U.S. Baltimore, Maryland
Lankinen, P.: Finland Oulu

Larruga, J.M.: Spain Teperife

Larsen, E.: Canada Toronto, Ontarjo

Larsson, J.: Sweden Umea

Latorre, A.: Spain Burjassot (Valencia)

Latter, B.D.H.: Australia Lismor, N.S.W.
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MACHADO — MERRIAM

Laughon, A.: U.S. Madison, Wisconsin
Laurie, C.: U.S. Durham, North Carolina
Lavery, K.J.: Australia Clayton, Victoria
Lazebny, O.E.: C.I.S. Moscow, Russia

Lee, B.: Canada Vancouver, B.C,

Lee, C.C.: Republic of Korea Seoul

Lee, T.J.: Republic of Korea Seoul

Lee, W.: U.S. Baton Rouge, Louisiana
Leemans, R.: Switzerland Basel

Leibovitch, B.A.: C.I.S. Moscow, Russia
Leigh-Brown, AJ.: UK. Edinburgh, Scotland
Leisner, J.: Denmark Lyngby

Lemann, R.: U.S. Cambridge, Massachussetts

Lengyel, J.: U.S. Los Angeles, California
Lepesan, J.A.: France Paris

Lessard, R.: U.S. Chicago, Illinois
Letson, A.: U.S. Salt Lake City, Utah
Lev, Z.: Israel Haifa

Levan, G.: Sweden Goteborg

Levine, L.: U.S. New York, New York
Levis, R.: U.S. Seattle, Washington
Levitan, M.: U.S. New York, New York
Lewontin, R.: U.S. Cambridge, Massachussetts
Li, M.-G.: U.S. St. Paul, Minnesota
Lidholm, D.: U.S. St. Louis, Missouri
Lim, C.-S.: U.S. Columbia, Missouri
Lim, J.K.: U.S. Eau Claire, Wisconsin
Lin, F.-J.: China Republic of Nankang, Taipei
Lin, J.C.: U.S. Natchitoches, Louisiana
Lin, S.-F.: China Republic of Nankang, Taipei
Lindquist, S.: U.S. Chicago, Illinois
Lindsley, D.L.: U.S. La Jolla, California
Lipshitz, H.: U.S. Pasadena, California
Lloyd, V.. Canada Vancouver, B.C, -
Locke, J.: Canada Edmonton, Alberta
Lockett, TJ.: Australia Sydney, N.S.W.
Loeschcke, V.. Denmark Aarhus
Lofdahl, K.L.: U.S. Champaign, Illinois
Loffler, T.: Germany Mainz

Lohe, A.: U.S. Cambridge, Massachusetts
Loosli, F.: Switzerland Basel

Lépez, AJ.: U.S. Pittsburgh, Pennsylvania
Lépez, A.: Spain Burjassot (Valencia)
Lépez, N.: Columbia Medellin

Lord, P.: U.S. Chicago, Illinois

Louis, C.: France St, Christol-les-Ales
Loukas, M.: Greece Athens

Lozovskaya, E.: U.S. St. Louis, Missouri
Lu, Q.: U.S. St. Louis, Missourj
Lucchesi, J.C.: U.S. Atlanta, Georgia
Ludwig, M.: U.S. Tampa, Florida

Lumme, J.: Finland Qulu

Lyman, D.: U.S. New York, New York
Lyman, R.F.: U.S. Raleigh, North Carolina
Lyttle, T.W.: U.S. Honolulu, Hawaii

Lyu, M.S.: Korea Secoul

MacDowell, K.: U.S. Atlanta, Georgia

Machado, R. G.: Columbia Medellin

Machova, H.: Czechoslovakia BRNO
Maclntyre, R.J.: U.S. Ithaca, New York
Magnusson, J.: Sweden Stockholm

Maguire, M.: U.S. Austin, Texas

Mahaffey, J.: U.S. Raleigh, North Carolina
Mahowald, A.P.: U.S. Chicago, Illinois
Maitra, S.: India Calcutta

Mal'ceva, N.I: C.IS. Novosibirsk, Kazakhstan
Malevanchuk, O.A.: C.I.S. Moscow, Russia
Mann, R.S.: U.S. New York, New York
Manna-Kundu, N.: India Calcutta

Manso, F.: Argentina Buenos Aires

Margulies, L.: U.S. Valhalla, New York
Marinkovic, D.: (frm) Yugoslavia Belgrade
Markova, B.A.: Bulgaria Sofia

Markow, T.: U.S. Tempe, Arizona

Maroni, G.P.: U.S. Chapel Hill, North Carolina
Marsh, L.: U.S. Irvine, California

Martin, P.E:: U.S. Philadelphia, Pennsylvania
Martin-Campos, J.M.: Spain Barcelona

Martin-Morris, L.: U.S. Seattle, Washington
Martinez M.J.: Spain Burjassot (Valencia)
Martinez, RM.: U.S. Hamden, Connecticut
Martinez, O.: Colombia Bogotd

Maruo, F.: Japan Tsukuba, [baraki

Masai, I.: Japan Tokyo

Mason, J.M.: U.S. Research Triangle Park, N. C
Massie, HR.: U.S. Utica, New York
Masuda, K-i.: Japan Okayama

Matos, M.: Portugal Lisbon

Matsuda, M.: Japan Tokyo

Matsuura, E.T.: Japan Tokyo

Matsuzaki, F.: Japan Tokyo

Mathew, S.: India Varanasi

Matthews, K.: U.S. Bloomington, Indiana
Mattson, D.: U.S. St. Louis, Missouri
Mazar-Barnett, B.: Argentina Buenos Aires
McCarron, M.: U.S. Storrs, Connecticut
McCarthy, P.C.: U.S. New Wilmington, PA
McCrady, W.: U.S. Arlington, Texas
McElwain, C.: U.S. Los Angeles, California
McEvey, S.: Australia Sydney, N.S.W,
McGrail, M.: U.S. St. Paul, Minnesota
McGuffin, M.E.: U.S. Houston, Texas
McKearin, D.: U.S. Dallas, Texas

McKee, B.: U.S. Knoxville, Tennessee
McKimmie, C.: U.K. Cambridge

McNamee, S.: UK. Leeds

McRobert, S. P.: U.S. Philadelphia, Pennsylvania
Medina, M.: Spain Madrid

Meister, G.: Canada Vancouver, B.C.
Ménsua, J.L.: Spain Burjassot (Valencia)
Meredith, J.: U.S. Chicago, Illinois
Mergny, J.-L.: Switzerland Basel

Mermall, V.: U.S. St. Louis, Missouri
Merriam, J.: U.S. Los Angeles, California
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Merriman, P.J.: U.S. St, Paul, Minnesota
Mestres, F.: Spain Barcelona

Miassod, R.: France Marseille

Michael, C.P.: U.S. Atlanta, Georgia
Michalopoulou, E.: Greece Patras
Michelson, A.: U.S. Boston, Massachussetts
Miedema, K.: Netherlands Njjmegen
Miglani, G.S.: India Ludhiana

Mikasa, K.: Japan Sakado, Saitama
Miklos, G.L.G.: Australia Canberra, A.C.T.
Miklos, M.: Australia Canberra, A.C.T.
Milanovic, M.: (frm) Yugoslavia Belgrade
Miller, K.: U.S. St. Louis, Missouri
Milner, M.J.: U.K. St, Andrews, Scotland
Milosevic, M.: (frm) Yugoslavia Belgrade
Milosevic, N.: (frm) Yugoslavia Belgrade
Minato, K.: Japan Misima

Mindek, G.: Switzerland Ziirich
Miyamoto, T.: Japan Kagawa

Mizrokhi, L.: U.S. Philadelphia, Pennsylvania
Mndjoyan, E.O.: C.I.S. Yerevan. Armenia
Mogami, K.: Japan Tokyo

Modhler, J.P.: U.S. New York, New York
Molts, M.D.: Spain Burjassot (Valencia)
Montagne, J.: Switzerland Basel

Montafio, A.: Colombia Bogotd

Montell, D.: U.S. Baltimore, Maryland
Montgomery, M.: Australia Sydney, N.S.W
Moore, B.C.: U.S. Riverside, California
Moore, J.A.: U.S. Riverside, California
Moore, R.H.: New Zealand Wellington
Morales, B.: U.S. Rio Piedras, Puerto Rico
Moreno, A.: Colombia Bogotd

Morin, K.: Canada Vancouver, B.C.
Moriwaki, D.: Japan Tokyo

Moriyama, E.N.: Japan Misima

Morley, T.: U.K. Cambridge

Morrison, W.1.: U.S. Shippensburg, Pennsyivania
Morton, R.A.: Canada Hamilton, Ontario
Moreteau, B.: France, Gif-Sur-yvette
Moses, K.: U.S. Los Angeles, California
Mottus, R.: Canada Vancouver, B.C.
Mount, S.: U.S. New York, New York
Moya, A.: Spain Burjassot (Valencia)
Molina, J.L.M.: Spain Alicante

Mrcalica, E.: (frm) Yugoslavia Nis

Muckenthaler, F.A.: U.S. Bridgewater, Massachusetts

Mueller, L.D.: U.S. Irvine, California
Mukherjee, A.: India Varanasi

Mukherjee, A.S.: India Calcutta
Mukherjee, J.: India Calcutta

Mukherjee, R.: India Calcutta

Miiller, E.: Germany Tiibingen

Muiioz, ER.: Argentina Buenos_Aires
Munstermann, L.: U.S. Notre Dame, Indiana
Murad, A.M.B.: Iraq Baghdad

Murata, H.: Japan Misima

MURNIK — ORDONEZ

Murnik, M.: U.S. Big Rapids, Michigan
Muskavitch, M.A.T.: U.S. Bloomington, Indiana
Mutsuddi, M.: India Varanasi

Myszewski, M.E.: U.S. Des Moines, lowa
Nadarajah, L.: U.K. Brighton

Nahmias, J.: U.S. Raleigh, North Carolina
Narise, S.: Japan Sakado, Saitama

Narise, T.: Japan Urayasu, Chiba

Narveson, D.: U.S. St. Louis, Missouri
Naseerulla, M.K.: India Mysore

Nash, H.: U.S. Bethesda, Maryland

Nash, W.G.: U.S. Frederick, Marvland
Nason, J.: U.S. Rochester, Michigan
Nauber, U.: Germany Goettingen

Navia, M.: Colombia Bogots

Neckameyer, W.: U.S. St. Louis, Missouri
Newfeld, S.J.: U.S. Cambridge, Massachussetts
Nichols, R.: U.S. Ann Arbor, Michigan
Nicholson, M.: U.S. Detroit, Michigan
Nicoletti II, B.: Italy Rome

Nifio, I.: Colombia Bogotd

Nirenberg, M.: U.S. Bethesda, Maryland
Nishida, Y.: Japan Nagoya

Nitasaka, E.: U.S. Cambridge, Massachussetts
Nitta, K.: Japan Tokyo

Noach, S.: Netherlands Utrecht

Noél, P. J.: U.S. Cincinnati, Ohio

Nokkala, C.: Finland Turku

Nokkala, S.: Finland Turku

Noll, M.: Switzerland Ziirich

Nomura, T.: Japan Qsaka

Noor, M.: U.S. Chicago, Illinois

Noor, R.R.: Australia Armidale, NSW
Norman, R.A.: U.S. Tempe, Arizona
Nothiger, R.: Switzerland Ziirich

Novitski, E.: U.S. Eugene, Oregon

Nunney, L.: U.S. Riverside, California
Nusse, R.: U.S. Stanford, California
Niisslein-Volhard, C.: Germany Tiibingen
O'Brien, L.: U.K. Leeds

O'Brien, S.J.: U.S. Frederick, Maryland
O'Connor, M.: U.S. Irvine, California
O'Donnell, JM.: U.S. Tuscalogsa, Alabama
O'Donnell, M.P.: U.S. St. Loujs, Missouri
OHare, K.: UK. London

O'Neill, S.: U.S. New Haven, Connecticut
Ochoa-R., A.M.: Mexico Saltillo, Coahuila
Odenwald, W.: U.S. Bethesda, Marvland
Offenberger, M.: Germany Miinchen

Oh, E.: U.S. Berkeley, California

Ohnishi, E.: Japan Okayama

Ohno, C.: Canada Kingston, Ontario
Okada, T.: Japan Tokyo

Okazaki, A.: Japan Tokyo

Olivarez-S., G.: Mexico Saltillo, Coahuila
Omelianchuk, L.V.: C.IS. Novosibirsk, Kazakhstan
Ordéiiez, M.: Colombia Bogotéd
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ORR —PIERRE PINEDA — REGNER

Orr, A.A.: U.S. Davis, California

Orr-Weaver, T.L.: U.S. Cambridge, Massachussetts

Orvieto, L.: U.S. Chestnut Hill, Massachusetts
Osgood, C.: U.S. Norfolk, Virginia

Osheim, Y.: U.S. Charlottesville, Virginia
Oster, P.: U.S. Bowling, Green, Ohio

Otteson, D.C.: U.S. Ann Arbor, Michigan
Packert, G.: U.S. Orlando, Florida

Padgett, RW.: US. Piscataway, New Jersey
Paik, Y.K.: Republic of Korea Seoul

Pak, W.: U.S. West Lafyette, Indiana
Pal-Bhadra, M.: India Calcutta

Palermo, A.M.: Argentina Byenos Aires
Palmer, M.J.: U.S. Stillwater, Oklahoma
Palter, K.: U.S. Philadelphia, Pennsylvania
Pandey, M.B.: India Varanasi

Pandey, P.: U.S. Rochester, Michigan
Pannuti, A.: U.S. Atlanta, Georgia
Papaceit, M.: Spain Barcelona

Parédi, E.: Hungary Budapest

Paricio, N.: Spain Burjassot (Valencia)
Parisi, M.: U.S. New York, New York
Parkhurst, S.: U.S. Seattle, Washington
Parks, S.: U.S. Baltimore, Maryland

Paro, R.: Germany Heidelberg

Partridge, L.: UK. Edinburgh, Scotland
Pascual, L.: Spain Burjassot (Valencia)
Pascual, M.: Spain Barcelona

Paterson, B.M.: U.S. Bethesda, Maryland
Pathak, K.: India Calcutta

Pattatucci, A.: U.S. Bethesda, Maryland
Pauli, D.: Switzerland Geneva

Pavkovic, S.: (frm) Yugoslavia Belgrade
Perkins, L..A.: U.S. Boston, Massachusetts
Pelliccia, J.: U.S. Lewiston, Maine

Peng, T.: UK. Leeds

Pepling, M.: U.S. Stony Brook, New York
Pérez, M.: Spain Burjassot (Valencia)

Perez-Chiesa, Y. : U.S. Rio Piedras, Puerto Rico

Periquet, G.: France Tours

Perotti, M.: Italy Milano

Perrimon, N.: U.S. Boston, Massachusetts
Perrin-Schmitt, F.: France Strasbourg
Peterson, J.: U.S. Chestnut Hill, Massachusetts
Peterson, K.: U.S. Baltimore, Maryland
Petkovic, D.: (frm) Yugoslavia Belgrade
Petkovich, P.M.: Canada Kingston, Ontario
Petri, W.H.: U.S. Chestnut Hill, Massachusetts
Peunova, N.I.: C.L.S. Moscow, Russia
Pezzoli, M.C.: Italy Bologna

Pfeifer, T.: Canada Vancouver, B.C.

Phillips, J.: Canada Guelph, Ontario

Phillips, R.G.: U.K. Brighton

Piano, F.: U.S. New York, New York

Pick, L.: U.S. New York, New York

Piedrafita, A.C.: Spain Burjassot (Valencia)
Pierre, C.: U.S. St. Louis, Missouri

Pineda, N.: Columbia Medellin

Pifién, L. S.: Spain Lugo

Piovant, M.: France Marseille

Plehn, Chr.: Germany Bochum

Podoplevova, M.L.: C.IS. Novosibirsk, Kazakhstan
Pokholkova, G.V.: C.I.S. Novosibirsk, Kazakhstan
Polanco, M.\M.E.: Colombia Bogoti

Pongs, O.: Germany Bochum

Ponimaskin, E.G.: C.LS. Novosibirsk, Kazakhstan
Poodry, C.: U.S. Santa Cruz, California

Porter, A.: UXK. Leeds

Portin, P.: Finland Turku

Posakony, J.: U.S. La Jolla, California

Possidente, B.: U.S. Saratoga Springs, New York
Postlethwait, J. H.: U.S. Eugene, Oregon

Powell, B.: U.S. Norfolk, Virginia

Powell, J.R.: U.S. New Haven, Connecticut

Pradel, J.: France Marseille

Preat, T.: U.S. Waltham, Massachusetts

Preiss, A.: Switzerland Basel

Prevosti, A.: Spain Barcelona

Price, J.: Canada Burnaby, B.C.

Price, M.: Canada Kingston, Ontario

Primus, J.P.: U.S. Atlanta, Georgia

Protopopov, M.O.: C.I.S. Novosibirsk, Kazakhstan
Prout, T.: U.S. Davis, California

Pulido, D.: Spain Madrid

Purcell, J.: U.S. Irvine, California

Puro, J.: Finland Turky

Purobit, S.: U.S. Davis, California

Pursey, J.: U.S. Buffalo, New York

Quan, F.: U.S. Portland, Oregon

Quiring, R.: Switzerland Basel

Quisada-Allue, L.A.: Argentina Buenos Aires
Raab-Vetter, M.: Germany Tiibingen

Rabinow, L.: U.S. Piscataway, New Jersey
Racobaldo, N.: U.S. Philadelphia, Pennsylvania

Raff, E.C.: U.S. Bloomington, Indiana
Raftery, L. A.: U.S. Charlestown, Massachusetts

Ramel, C.: Sweden Stockholm

Ramesh, S.R.: India Mysore

Ramirez, E.: Spain Alicante

Ramos, R.G.P.: Brasil Rio de Janeiro
Ramos, S.: Spain Barcelona

Rand, D.: U.S. Providence, Rhode Island
Ranganath, H.A.: India Mysore
Rasmuson, B.: Sweden Umea

Rasmuson, M.: Sweden Umea
Rasmuson-Lestander, A.: Sweden Umea
Rasooly, R.S.: U.S. Bronx, New York
Rasumsson, K.: U.S. St. Paul, Minnesota
Rawls, J.: U.S. Lexington, Kentucky
Ray, P.: India Varanasi

Raymnod, J.D.: U.S. St, Paul, Minnesota
Real, L.: Spain Burjassot (Valencia)
Regan, J.: UK. Cambridge

Regner, L.P.: Brazil Porto Alegrea
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REICHERT — SALVATERRA
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SAMSON — SINGH, B.K.

Reichert, J.. Germany Tiibingen
Reinikainen, J.: Finland Qulu

Reiss, J.LA.: U.S. Atlanta, Georgia

Rendahl, K. G.: U.S. Waltham, Massachusetts
Renkawitz-Pohl, R.: Germany Marburg
Resendez-Perez, D.: Switzerland Basel
Restifo, L.L.: U.S. Tucson, Arizona

Resto, L.: U.S. Rio Piedras, Puerto Rico
Reuter, G.: Canada Vancouver, B.C.

Rey, M.: Argentina Buenos Aires

Ribaudo, R.M.: Italy Palermo

Richards, G.: France S{rasbourg

Richardson, E.: U.S. Chestnut Hill, Massachusetts
Richmond, P.C.: U.S. Tampa, Florida
Riihimaa, A.: Finland Qulu

Ring, M.: Canada Vancouver, B.C.

Robbins, L.G.: U.S. East Lansing, Michigan
Robertson, H.: U.S. Urbana, Illinois

Robinow, S.: U.S. Seattle, Washjngton
Roca, A.: Spain Oviedo

Rockwell, RF.: U.S. New York, New York
Rodin, S.N.: C.LS. Novosibirsk, Kazakhstan
Rodriguez, D.: U.S. Columbia, Missouri
Rodriguez, H.: U.S. Rio Piedras, Puerto Rico
Rodriguez, N.I.: U.S. Rio Piedras, Puerto Rico
Rogulski, K.R.: U.S. Cincinnati, Ohio

Rojas, N.: Colombia Bogotd

Romans, P.: Canada Toronto, Ontario
Romero, 1.: Colombia Bogotd

Roos, C.: Finland Helsinki

Roote, J.: UK. Cambridge
Rosenstein, A. W.: U.S. Davis, California

Rosset, R.: France Marseille

Roth, H.:" U.S. Los Angeles, California
Rothenfluh, A.: Switzerland Basel
Rothwell, K.: U.K. Edinburgh, Scotland
Rouyer, F.: U.S. Waltham, MA

Roy, J.K.: India Varanasi

Rozas, J.: Spain Barcelona

Rubin, GM.: U.S. Berkeley, California
Rudkin, G.T.: U.S. Philadelphia, Pennsylvania
Ruiz, P.: Spain Burjassot (Valencia)
Ruiz-Garcia, M.: Colombia Bogotd
Russell, C.: UK. Brighton

Russell, S.: UK. Cambridge
Rutherford, S.: U.S. La Jolla, California
Ryerse, J.S.: U.S. St. Louis, Missouri
Ryo, H.: Japan Osaka

Ryskova, M.; Czechoslovakia BRNQ
Sagarra, E.: Spain Barcelona

Sakonju, S.: U.S. Salt Lake City, Utah
Sakul, B.U.: Turkey Ankara

Sakul, H.: U.S. Davis, California
Salam, A.M.: Bangladesh Rajshahi
Saldn, E.S.M.: Spain Lugo

Salinas, C.: Canada Vancouver, B.C,
Salvaterra, P.: U.S. Duarte, California

Samson, M.-L.: U.S. Piscataway, New Jersey
Sanchez, L: Spain Madrid

Sander, M.: U.S. Research Triangle Park, N. C.
Santamarfa, J.: Colombia Bogot4

Sato, T.: Japan Tokyo

Saumweber, H.: Germany Kéln

Saura, A.: Sweden Umea

Saura, A.O.: Finland Helsinki

Savic, G.: (frm) Yugoslavia Pristina
Savontaus, M.-L.: Finland Turku
Sawamura, K.: Japan Tokyo

Saxton,W.M.: U.S. Bloomington, Indiana
Scanga, S.: Canada Toronto, Ontario
Schaefer, M.: Germany Diisseldorf

Schafer, U.: Germany Diisseldorf

Scharloo, W.: Netherlands Utrecht
Schejter, E.D.: U.S. Princeton, New Jersey
Schier, A.: Switzerland Basel
Schneiderman, A.M.: U.S. [thaca, New York
Schoin, A.G.: Japan Osaka,

Schubiger, G.: U.S. Seattle, Washington
Schulz, HF.: Germany Freiburg i.

Schwarz, T.: U.S. Stanford, California
Schweizer, P.: Switzerland Ziirich
Schwinck, I.: Germany Hamburg

Schwinck, I.: U.S. Storrs, Connecticut
Seager, R.D.: U.S. Cedar Falls, lowa
Sedrov, Y.: U.S. Philadelphia, Pennsylvania
Seiger, M.B.: U.S. Dayton, Ohio

Sekelsky, J.J.: U.S. Cambridge, Massachussetts
Semeriva, M.: France Marseille

Semionov, E.P.: Bulgaria Sofia

Serban, N.: (frm) Yugoslavia Belgrade
Sergeev, G.N.: C.I.S. Moscow, Russia
Serr, M.: U.S. St. Paul, Minnesota

Serra, L1.: Spain Barcelona

Shaffer, C.D.: U.S. St. Louis, Missouri
Sharma, A.: India Varanasi

Sharma, A.K.: India Ludhiana

Shearn, A.: U.S. Baltimore, Maryland
Sheehan, K.B.: U.S. Bloomington, Indjana
Sheen, F-m. : U.S. Seattle, Washington
Sheinker, V.Sh.: C.L1.S. Moscow, Russia
Sherald, AF.: U.S. Fairfax, Virginia
Shieh, B.-H.: U.S. Nashville, Tennessee
Shilo, B.: Israel Rehovot

Shimada, K.: Japan Sapporo

Shin, HJ.: Republic of Korea Seoul
Shorrocks, B.: U.K. Leeds

Shortridge, R.D.: U.S. Buffalo, New York
Silva, F.: Spain Burjassot (Valencia)
Simcox, A.A.: U.S. Columbus, Ohig
Simmons, G.: U.S. New York, New York
Simmons, M.J.: U.S. St. Paul, Minnesota
Simpson, P.: France Strasbourg

Sinclair, D.: Canada Vancouver, B.C.
Singh, BK.: India Naini Tal
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SINGH, B.N. — STRECKER

Singh, B.N.: India Varanasi

Singh, G.: U.S. Dallas, Texas

Singh, J. N.: India Varanasi

Singh, R.N.: India Bombay, Colaba

Singh, R.S.: Canada Hamilton, Ontario
Singh, S.: U.S. Buffalo, New York

Skaer, H.: UK. ]

Slee, R.: U.K. Edinburgh, Scotland

Sliter, T.J.: U.S. Dallas, Texas

Smith, L.: U.S. Waltham, Massachusetts
Smith, PD.: U.S. Detroit, Michigan
Smouse, D.: U.S. Tempe, Arizona

Sneddon, A.: U.K. Dundee, Scotland
Sobrier, M.L.: France Clermont-Ferrand
Sofer, W.: U.S. Piscataway, New Jersey
Sokoloff, A.: U.S. San Bernardino, California
Sokolowski, M.: Canada Torento, Ontario
Soll, D.: U.S. New Haven, Connecticut
Song, E.S.: Republic of Korea Seoul

Sorsa, V.: Finland Helsinki

Soto, A.N.: U.S. Rio Piedras, Puerto Rico
Soung, J.: U.S. Stony Brook, New York
Sparrow, 1.C.: UK. York

Sperlich, D.: Germany Tiibingen
Spiegelman, G.: Canada Yancouver, B.C,
Spierer, A.: Switzerland Geneva

Spierer, P.: Switzerland Geneva

Spiess, E.B.: U.S. Chicago, Illinois
Spofford, J.B.: U.S. Chicago, Illinois
Spradling, A.C.: U.S. Baltimore, Maryland
Srivastava, T.: India Varanasi

Stamatis, N.: Greece Patras
Stamenkovic-Radak, M.: (frm) Yugoslavia Belgrade
Stanic, S.: (frm) Yugoslavia Kragujevac
Stark, W.S.: U.S. St. Louis, Missouri
Starmer, W.T.: U.S. Syracuse, New York
Steele, F. R. U.S. Bethesda, Maryland

Stein, D.: Germany Tiibingen
Steingrimsson, E.: U.S. Los Angeles, California
Steinhaver, W.; U.S. Research Triangle Park, N. C.
Steinmann-Zwicky, M.: Switzerland Ziirich
Stephan, W.: U.S. College Park, Maryland
Stephanou, G.: Greece Patras

Stephenson, E.: U.S. Tuscaloosa, Alabama
Sterling, J.: U.S. Research Triangle Park, N. C.
Stern, M.: U.S. Houston, Texas

Steams, S.: Switzerland, Basel

Stevens, M.E.: U.S. Davis, California
Stocker, R.F.: Switzerland FEribourg
Stojiljkovic, V.: (frm) Yugoslavia Belgrade
Stolina, M.R.: C.I.S. Kiev, Ukrainie
Stoltenberg, S.F.: U.S. Champaign, Illinois
Storti, R. V.: U.S. Chicago, lllinois
Stortkuhl, K.: Switzerland Fribourg
Strausbaugh, L.: U.S. Storrs, Connecticut
Strauss, R.: Germany Tiibingen

Strecker, T.R.: U.S. Claremont, California

Directory List

STRICKBERGER — TONZETICH

Strickberger, M.W.: U.S. Berkeley, California
Strnadova, V.: Czechoslovakia BRNO
Stromotich, G.: Canada Vancouver, B.C.
Struhl, G.: U.S. New York, New York

Struse, H.: U.S. Chicago, Illinois

Sun, D.: U.S. Columbia, Missourj

Sun, X.: Netherlands Nijmegen

Sundaran, A.K.: India Varanasij

Sunkel, C.E.: Portugal, Porto

Sutakova, G.: Czechoslovakia Ivanka pir Dunaji
Suter, B.: Canada Montreal, Quebec

Suzuki, D.: Canada Vancouver, B.C.

Sved, J.: Australia Sydney, N.S.W,

Swift, H.: U.S. Chicago, Illinois

Szauter, P.: U.S. Hershey, Pennsylvania

Taira, T.: Japan Tokyo

Takasu-Ishikawa, E.: Japan Tokyo

Tamangi, M.: U.S. Philadelphia, Pennsylvania
Tamarina, N.: U.S. Tampa, Florida

Tamate, H.B.: Japan Ishinomaki

Tamura, K.: Japan Hachioji, Tokyo

Tan, J. : China People's Repb. of Shanghai
Tanaka, Y.: Japan Osaka

Tanda, S.: U.S. College Park, Maryvland
Tansey, T.. U.S. Washington, D.C.

Tapadia, M.: India Varanasi

Tartof, K.D.: U.S. Philadelphia, Pennsylvania
Tautz, D.: Germany Miinster

Teare, JM.: U.S. St. Louis, Missouri

Tearle, R.: Australia Adelaide, S. Australia
Technau, G.M.: Germany Mainz

Temin, P.: U.S. Madison, Wisconsin
Templeton, A.R.: U.S. St. Louis, Missouri
Tener, G.: Canada Vancouver, B.C.

Teramoto, L.: U.S. Honolulu, Hawaii

Terol, J.: Spain Burjassot (Valencia)

Terry, M. G.: U.S. Champaign, [llinois
Terrzic, T.: (frm) Yugoslavia Belgrade
Thomas, J.: U.S. San Diego, California
Thompson, C.: U.S. Johnstown, Pennsylvania
Thompson, D. B.: U.S. Tempe, Arizona
Thompson, J.N,, jr.: U.S. Norman, Oklahoma
Thompson, V.: U.S. Chicago, Illinois
Thorig, G.EW.: Netherlands Utrecht
Thummel, C.: U.S. Salt Lake City, Utah

Ting, C.-T.: China Republic of Nankang, Taipei
Tirronen, M.: Finland Helsinki

Tobari, Y. N.: Japan Tokyo

Tobin, S.: U.S. Oklahoma City, Oklahoma
Tobler, H.: Switzerland Fribourg

Toda, M.J.: Japan Sapporo

Toddo, T.: Japan Osaka

Tominago, H.: Japan Sakado, Saitama
Tomkiel, J.LE.: U.S. Baltimore, Maryland
Tomlinson, A.: U.S. New York, New York
Tompkins, L.: U.S. Philadelphia, Pennsylvania
Tonzetich, J.: U.S. Lewisburg, Pennsylvania
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TOPOL — WARRIOR, R.

Directory List

WARRIOR, R. — YENIKOLOPOV

Topol, J.: U.S. Pasadena, California

Tracey, M.: U.S. Miami, Florida

Traub, E.: Germany Tiibingen

Traut, H.: Germany Miinster

Trbusek, M.: Czechoslovakia BRNO

Trehan, K.S.: India Ludhiana

Tretyakova, 1.V.: C.I.S. Novosibirgk, Kazakhstan
Trevarrow, B.: U.S. Pasadena, California

Tsai, C.: U.S. Stony Brook, New York

Tsakas, S.: Greece Athens

Tsaur, S.-C.: China Republic of Nankang, Taipei
Tsukahara, Y.: Japan Sendai

Tsuno, K.: Japan Urayasu, Chiba

Tucic, N.: (frm) Yugoslavia Belgrade

Tucker, J.B.: U.K. St. Andrews, Scotland

Tulley, T.: U.S. Cold Spring Harbor, N. Y.
Turelli, M.: U.S. Davis, California

Turgut, G.: Turkey Ankara

Tyshenko, M.: Canada Kingston, Ontario

Ueda, A.: Japan Tokyo

Ueda, H.: Japan Misima

Underwood, E.: U.S. Bowling, Green, Ohio
Unli, H.: Turkey Ankara

Urban, J.: Germany Mainz

Valente-Gaiesky, V.L.: Brasil Porto Alegre
Vallejo, C.G.: Spain Madrid

Van 't Land, J.: Netherlands Haren, Groningen
Van de Zande, L.: Netherlands Haren, Groningen
Van Delden, W.: Netherlands Haren, Groningen
Van Schaik, N.: South Africa Johannesburg

van der Have, T.. Netherlands Utrecht

Vasudev, V.: India Mysore

Vaury, C.: France Clermont-Ferrand

Verharen, H.W.: Netherlands Bilthoven

Vezina, G.: U.S. New Haven, Connecticut

Vig, M.: Canada Yancouver, B.C,

Viinikka, Y.: Finland Turku

Villano, J.: U.S. Dallas, Texas
Villarroel-Herrera, H.: Chile Valparafso

Villella, A.: U.S. Waltham, Massachusetts
Visser, M.: UK. Leeds

Vlassova, LE.: C.IS. Novosibirsk, Kazakhstan
Voelker, R.A.: U.S. Research Triangle Park, N. C.
Volkova, E.I.: C.I.S. Novosibirsk, Kazakhstan
Volz-Lingenhohl, A.: Germany Tiibingen
Waddle, F.R.: U.S. Fayetteville, North Carolina
Wagner, J.: U.S. Norfolk, Virginia

Wakimoto, B.: U.S. Seattle, Washington
Walcott, J.: U.S. Bloomington, Indiana
Walker, V.K.: Canada Kingston, Ontario

Wallace, B.: U.S. Blacksburg, Virginia
Walldorf, U.: Switzerland Basel

Wallrath, L.L.: U.S. St. Louis, Missouri
Wang, J.: Japan Tokyo

Wappner, P.: Argentina Buenos Aires
Warrick, J.: U.S. Philadelphia, Pennsylvania
Warrior, R.: U.S. Los Angeles, California

Warrior, R.: U.S. Nutley, New Jersey
Wasserman, M.: U.S. New York, New York
Wasserman, S.A.: U.S. Dallas, Texas
Watabe, H.: Japan Sapporo

Watada, M.: Japan Ehime

Watanabe, T.K.: Japan Misima

Webster, M.: Australia Adelaide, S. Australia
Weir, M.: U.S. Middletown, Connecticut
Weisbrot, D.R.: U.S. Wayne, New Jersey
Weissing, FJ.: Netherlands Haren, Groningen
Welbergen, P.: Canada Torento , Ontario
Wells, R.S.: U.S. Cambridge, Massachussetts
Weite, M.: U.S. Chicago, Illinois

Wessing, A.: Germany Giessen

Whalen, J.: Canada Vancouver, B.C.
Wharton, K.: U.S. Providence, Rhode Island
White, D.: U.S. Madison, Wisconsin

White, D.C.S.: UK. York

White, K.: U.S. Waltham, Massachusetts
Whitehead, I.: Canada Vancouver, B.C.
Whittle, J.R.S.: UK. Brighton

Whyte, W.: U.S. Elmwood Park, New Jersey
Williamson, D.L.: U.S. Stony Brook, New York
Williamson, J.H.: U.S. Davidson, North Carolina
Williamson, R.: U.S. Duarte, California
Wilson, A.: U.S. Philadelphia, Pennsylvania
Wilson, B.A.: U.S. St. Louis, Missouri
Wilson, T.G.: U.S. Burlington, Vermont
Windelspecht, M.: U.S. Tampa, Florida
Wines, D.: U.S. Seattle, Washington
Wohwill, A.: U.S. Chicago, Illinois
Wollenberg, K.: Canada Vancouver, B.C.
Won, Y.J.: Republic of Korea Seoul
Woodruff, R.C.: U.S. Bowling, Green, Ohlo
Woodworth, L.: Australia Sydney, N.S.W.
Wright, D.: U.S. Chicago, Illinois

Wright, TR.F.: U.S. Charlottesville, Virginia
Wu, C-T.: U.S. Boston, Massachusetts

Wuy, C.-F.: U.S. Jowa City, Jowa

Wy, C.: U.S. Bethesda, Maryland

Wu, C1.: U.S. Chicago, Illinois

Wauller, JM.: U.S. St, Louis, Missouri
Waurgler, FE.: Switzerland Ziirich

Wurst, G. G.: U.S. Meadville, Pennsylvania
Wiirthner, M.E.: Germany Tiibingen

Wauttke, M.: U.S. Philadelphia, Pennsylvania
Wyatt, G.R.: Canada Kingston, Ontario
Wyman, R.J.: U.S. New Haven, Connecticut
Xie, T.: U.S. Piscataway, New Jersev
Yamada, M.A.: Japan Misima

Yamamoto, Y.: Switzerland Basel

Yamazaki, T.: Japan Fukuoka

Yan, Y.-L.: U.S. Eugene, Oregon

Yang, Y.: U.S. Atlanta, Georgia
Yannopoulos, G.: Greece Patras

Yedvobnick, B.: U.S. Atlanta, Georgia
Yenikolopov, G.N.: C.I.S. Moscow, Russia
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ZHENG, Z.— ZWAAN

Yonemura, M.: Japan Okavama

Yong, I.: Australia Canberra, A.C.T.
Yoo, C.H.: Republic of Korea Seoul
Yoon, J.S.: U.S. Bowling, Green, Ohio
Yoon, K.: U.S. Bowling, Green, Ohio
Yoshida, K.: Japan Sapporo

Young, M.W.: U.S. New York, New York
Yun, B.: U.S. Piscataway, New Jersey
Yund, M.: U.S. Berkeley, California
Zachar, Z.: U.S. Stony Brook, New York
Zacharopoulou, A.: Greece Patras

Zak, N.: Israel Jerusalem

Zakharov, I.K.: C.LS. Novosibirsk, Russia
Zheng, W.: U.S. Buffalo, New York

Zheng, Z.: Japan Tokyo

Zhimulev, LF.: C.LS. Novosibirsk, Russia
Zhivotovsky, N. I.: CLS. Moscow, Russia
Zhou, S.: U.S. Atlanta, Georgia

Zhou, Y.-Ti.: U.S. Dallas, Texas

Zhuchenko, A.A.: C.I.S. Kishinev, Ukraine
Zhuohua, G.; China People's Republic of Beijing
Zimmermann, B.: Colombia Bogotd
Zivanovic, G.: (frm) Yugoslavia Belgrade
Zouros, E.: Canada Halifax, N.S.

Zuker, C.: U.S. La Jolla, California

Zuleta, M.: Columbia Medellin

Zusman, S.: U.S. Cambridge, Massachussetts
Zwaan, B.J.: Netherlands Haren, Groningen

INSTITUTIONAL DIRECTORY

Argentina

Buenos Aires 1429, Comisién Nacional de Energia Atémica, Dpto. de Radiobiologia, Division Genética, Avda

Libertador 8250 [ tel 70-7711 x 331 ]

Mazar-Barnett, B., PhD
Mufioz, E.R., MD
Palermo, A.M. MSc
Rey, M., MSc

radiation genetics, chemical mutagenesis
radiation genetics, chemical mutagenesis
mutagenicity testing, chromosome behavior
mutagenicity testing, chromosome behavior

Buenos Aires 1405, Inst. Invest Bioquimicas, Funcacién Campo Mar, Antonio Machado 151.

Quisada-Allué, L.A.
Wappner, P.
Manso, F.
Cladera, J.
Boccaccio, G.

Australia

Armidale, NSW 2351 Univ. of New England, Animal Sciences Dept. [ tel 067-73-2225, FAX 067-73-3275, E-

Mail sbarker@gara.une.oz.au]
Barker, J.S.F., PhD, Prof.
Krebs, R.A.
Armstrong, T.P.
Noor, R.R.

population/ evolutionary genetics
Res. Fellow, evolutionary/ behavioral genetics
PhD student, evolutionary/ ecological genetics
PhD student, quantitative genetics

Adelaide, South Australia 5001, Univ. of Adelaide, Dept. Biochemistry, GPO Box 498

Tearle, R.

Adelaide, South Australia 5001, Flinders Univ. of South Australia, School of Biological Sciences [ tel 08-

2012320, FAX (*) 2013015 }
Billett, L.

Brink, N.G., BSc, PhD, Senior Lect.

Webster, M., BSc (Hons)

Curator of stocks
developmental genetics, genetics of the cell cycle
Res. student

Canberra, A.C.T. 2601, Australian National Univ., Center for Molecular Structure and Function, Research
School of Biological Sciences and John Curtin School of Medical Research [ tel 616-249-4486
office, - 3611 lab, 4429 fly Rm, 0451 Adm, FAX 616-249-3784 ]

Miklos, G.L.G., PhD, Senior Fellow

molecular neurobiology and molecular developmental
biology of Drosophila and humans
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Campbell, H., PhD, Fellow molecular neurobiology and molecular developmental

biology of Drosophila and humans
Yong, 1., PhD., Prof. molecular neurobiology and molecular developmental

biology of Drosophila and humans
Kasprzak, A. Senior tech. officer
Cotsell, J. Tech. officer
Miklos, M. Curator of stocks
Hall, D. Lab. tech.
Claudianos, C. student

Canberra, A.C.T, 2601, Australian National Univ., Molecular and Population Genetics Group, RSBS, GPO Box
475
Gibson, 1.B.

Canberra, A,C.T. 2601, Commonwealth Scientific & Industrial Research Organization (CSIRO) Division of
Plant Industry, PO Box 1600 [ FAX 062-47-3785 ]

Appels, R., PhD, Res. Sci. chromosome structure
Clayton, Victoria 3168, Monash University, Dept. of Psychology [ tel 03-565-3959 ]
Crossley, S.A., MA, DPhil (Oxon) Assoc. Prof., behavior genetics
Evert, H.T., BA (Monash) Dipl. Adol. Chld. Psych. (Melbourne), Res. Asst.,

behavior genetics

Lismor, N.S,W. 2480, 43 Camerons Rd., McLeans Ridges [ tel 066-284367 ]

Latter, B.D.H., BScAgr, PhD, Prof. population genetics

Sydney, N.S.W. 2113, CSIRO Div. of Biomolecular Engineering, PO Box 184, North Ryde, [ tel 02-886-4888 ]
Hill, R.J., PhD molecular genetics, chromosome structure & function
Lockett, T.J., PhD molecular genetics

Syndey, N.S.W. 2109, Macquarie Univ., School of Biological Sciences, [ tel 02-805-8186, FAX 02-805-8245 ]
Craven, D., Bsc, Hons conservation genetics
Frankham, R., PhD, Assoc. Prof. conservation & quantitative genetics
Montgomery, M., BSc Assistant
Woodworth, L., BSc, Hons conservation genetics

Sydney South, N.S. W, 2000 Australian Museum, Dept. Entomology, PO A 285,
McEvey, S.

Sydney, N.S.W. 2006, Univ. of Sydney, School Biological Sci, A12
Sved, I.

Bangladesh

Rajshahi, 6205 Rajshahi University, Zoology Department
Ali, LA,
Hossain, M.A.
Salam, A., Dr, MD population / evolutionary genetics
Islam, M.S.

Belgium

Bruxelles (Belgique) B-1050, Université Libre de Bruxelles, Dept. of Molecular Biology, 67, rue des Chevaus,
r.640. Rhode. St. Genése

Bourgois, M., PhD natural selection, life-span

Economos, A., PhD genetic control of aging

Harvengt, J., Asst. longevity mutants

Lints, C.V., Res. Asst. Curator of stocks

Lints, F.A., PhD, Prof. Head of Lab, population & physiological genetics,

longevity & aging
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Brasil

Porto Alegre 91501 RS, Univ. Fed. do Rio Grande do Sul, Dpto. Genetica, PO Box 15053, AV. Bento
Goncalves, 9500, Bloco3
Valente-Gaiesky, V.L., MSc, Assoc. Prof.  chromosome polymorphism & ecological genetics
Regner, L.P.
Bonorino, C.B.C.

Rio de Janeiro 21949 Cidade University, Biofisica Inst. Carlos Chagas, C.C.S.-Bloco G.
Abdelhay, E.
Braga, V.S.F.

Rio de Janeiro 22431, Leblon, AV. Bartolomeumitre 1084/202
Ramos, R.G.P.,, Dr

Bulgaria

Sofia 1113, Bulgarian Academy of Sciences, Institute of Molecular Biology

Semionov, E.P., Dr, PhD molecular genetics, recombination
Markova, B.A,, Post-grad. student, recombination
Dimitrova, M.L. Grad. student

Canada

Burnaby 2, B.C. V5A 1S6, Simon Fraser Univ., Institute of Molecular and Biochemistry [ tel (604) 291-xxxx]

Beckenbach, A. (-3341/-4593, E-Mail abeck@darwin.biol.sfu.ca)
molecular evolution,
Price, J. (-5931) developmental genetics

Calgary, Alberta T2N 1N4, Univ. of Calgary, Dept. Biological Sci., 2500 Univ. Dr. N.W [ tel 403-220-6794 ]
Bentley, M.M., PhD, Assoc. Prof. biochemical, molecular & developmental genetics

Edmonton, Alberta T6G 2E9, University of Alberta, Dept. Genetics, Bio. Sci. Bldg. G319.
Locke, J.

Guelph, Ontario N1G 2W1, Univ. of Guelph, Dept. Molecular Biology & Genetics [ tel 519-824-4120, FAX
519-824-9457 | . B

Duyf, B. Res. Asst.

Hilliker, A., PhD, Prof. (x3491) genetic organization, chromosome mechanics,
meiotic pairing & recombination mechanisms,
developmental genetics

Kirby, K. Res. Asst.

Phillips, J., PhD, Prof. (x2796/ 6511) developmental genetics, gene expression

Halifax, N.S. B3H 4J1, Dalhousie Univ., Biology Dept.
Zouros, E., PhD, Prof.

Hamilton, Ontario L8S 4K1, McMaster Univ., Biology Dept. [ tel 416-525-9140 ]

Morton, R.A., PhD, Prof. (x3539) population genetics
Singh, R.S., PhD, Prof. (x4378) population genetics
Jacobs, J.R., PhD, Asst. Prof (x7350) developmental neurobiology
Montreal, Quebec H3G-1M8, Concordia Univ., Bioclogy Dept., 1455 DeMaisonneuve West [ tel 514-848-3393]
Beckman, C., PhD, Assoc. Prof. behaviour
Gryllis, C.

Montreal, Quebec H3A 1B1, McGill Univ., Biology Dept., 1205 Dr. Penfield Ave.
Suter, B.
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Kingston, Ontario K7L 3N6, Queen's Univ., Biology Dept. (Bi) and Biochemistry (Bc) [ tel Bi = 613-545-
6160, Bc = 613-545-2900 ]

Bendena, W., Asst. Prof. (Bi) molecular biology
Davies, P.L., Prof. (Bi + Bc) molecular biology
Duncker, B. (Bi) molecular genetics
Graham, L. (Bi) molecular biology
Hao, H. (Bi) molecular biology
Ohno, C. (Bc) develop. molecular biology
Petkovich, P.M., Asst. Prof. (Bc) molecular and developmental biology
Price, M. (Bi) molecular biology
Tyshenko, M. (Bi) molecular biology
Walker, V.K., Assoc. Prof. (Bi) biochem. genetics
Wyatt, G.R., Prof. (Bi) molecular biology
Ottawa, Ontario KIN 6N5, University of Ottawa, Dept. of Biology, 30 Marie Curie St.
Hickey, D.
Toronto, Ontario M5S 1A1, Univ. of Toronto, Zoology Dept., 25 Harbord St. { tel 416-978-3505 ]
Scanga, S., Grad. student, developmental genetics
Larsen, E., PhD, Assoc. Prof. developmental genetics
Romans, P.
Houle, D.

Toronto (North York), Ontario M3J 1P3, York Univ., Biology Dept., 4700 Keele St. [ tel 416-736-5391, FAX
416-736-5698]

Sokolowski, M., BSc., PhD, Prof. genetic + molecular analysis of Drosophila larval
behavior

Burgess, E., BSc, PhD Post-doc., molecular characterization of foraging

Welbergen, P., BSc, PhD Post-doc., interspecific analysis of foraging

Vancouver, B.C. V6T 1Z4, Univ. of British Columbia, Depts. Zoology(Z), Biochemistry (B), and Microbiology
(M) [ tel 604-822-3382 (lab); 822-2161 (office), FAX 604-822-2416 ]

Brock, H., PhD, Assoc. Prof. (x2619) (Z)
Cheng, N., PhD

Gillam, 1., PhD, Res. Assoc. (x4538) (B)
Grigliatti, T., PhD, Prof. @

Harrington, M., BSc

Hayashi, S., PhD, Res. Assoc. Z)

Holm, D., PhD, Prof. (x4276) (Z)
Kyba, M., BSc

Lee, B., BSc

Lloyd, V., BSc
Meister, G., MSc

Morin, K., BSc, Res. Asst. )

Mottus, R., MSc, Res. Assoc. (v4)

Pfeifer, T., PhD

Reuter, G., PhD Visting Scientist (Z)
Ring, M., PhD, Res. Assoc. @

Salinas, C., BSc

Sinclair, D., PhD, Res. Assoc. v4)
Spiegelman, G., PhD, Assoc. Prof. (x2036) (M)
Stromotich, G., BSc

Suzuki, D., PhD, Prof. (x3382) (Z)
Tener, G., PhD, Prof. (x2893) (B)
Vig, M., BSc

Whalen, J., BSc
Whitehead, 1., BSc
Wollenberg, K., BSc

Victoria, B.C. University of Victoria, Dept. Biology, B-300, PO Box 1700
Garden, A.
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West Hill, Ontario MIC 1A4, Scarborough College, Biology Dept.

Chile

Filosa, M.F.

Santiago, Univ. of Chile, Dept. General and Cell Biology, Independencia 1027

Brncic, D.

Santiago, Univ. of Chile, Dept. de Biologia Celular y Genetica, Facultad de Medicina

Budnik, M.
Cifuentes, L.

Valparaiso, Universidad de Playa Ancha, de Ciencias de la Educaci6n, Departamento de Biologia Y, Quimica [ tel

China

281106-20-21-37, FAX 285041 ]
Villarroel-Herrera, H., PhD

ecological population genetics of Drosophila

People's Republic of Beijing 00871, Peking University, Dept. of Biology

Zhuohua, G.
Hu, D.

People’s Republic of Hainan, Hajkou 570028, Hainan University, Tropical Biology Center [ tel 0898-258235,

FAX 0898-258369 ]
Hu, K., Prof.

evolutionary genetics

Republic of Nankang, Taipei 11529, Taiwan Inst. of Zoology, Academia Sinica, [ tel 886-2-782-4594 ext . 38,

Colombia

FAX 886-2-785-8059 ]

Lin, F.-J.

Chang, H.-Y.

Tsaur, S.-C.

Fang, H.

Hung, M.-H.

Lin, S.-F.

Ting, C.-T.

Res. Fellow, systematics and evolution

Assoc. Res. Fellow, genetics and evolution

Asst. Res. Fellow, systematics

Res. Asst.

Asst.

Asst.

Predoc. student, evolution in D. immigrans group

Bogotd, D.C., Universidad de los Andes, Instituto de Genética, Calle 18 Carrera 1E.

Alvarez, D., MSc

Barreto, R., MSc
Bustos, E.

Brito, R., PhD
Campos, H., BSc

Cérdenas, H., MSc
G6mez-Gémez, F., PhD
Hoenigsberg, H.F., PhD

Tannini, A., MSc
Laguna, M.
Martinez, O., PhD
Montafio, A., MSc

Moreno, A., MSc
Navia, M.

Nifio, I.

developmental genetics with molecular quantification of
spatial temporal gene expresion patterns

Mt-DNA RFP in Drosophila pseudoobscura

Tech., cytogenetics of Drosophila willistoni and D.
pseudoobscura

Plant genetics

Grad. student, morphometrics, genetic distances cluster
analysis, dendograms for correlations in Drosophila
pseudoobscura.

Quantitative genetics in diallelic analysis

quantitative genetics in animal breeding

population & quantitative genetics in the evolution of
Drosophila tropical species

r & K selection in Drosophila pseudoobscura -

Tech., r & K selection

quantitative genetics in plant improvement

population genetics of spatial autocorrelation in desert
species of Drosophila martensis

Desert Drosophila speciation

student, competitive interaction in Drosophila
pseudoobscura

Tech., cytogenetics
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Ordéiiez, M., MSc population genetics of Drosophila pseudoobscura from
Colombia

Polanco, M.MM.E., MSc cytogenetics of Drosophila martensis cluster in the
northern deserts of Colombia

Rojas, N., BSc Grad. student in frequency dependent selection in
Drosophila pseudoobscura

Romero, 1. Tech. & Curator of Drosophila species

Ruiz-Garcia, M., MSc population genetics in cat populations genetic distances
and non-parametric tests, gene-pool analysis

Santamaria, J. Student tech., in population biology

Zimmermann, B., PhD biochemistry of Drosophila pseudoobscura’s natural
populations

Medellin, Univ. de Antioquia, Dpto. de Biologia A.A. 1226

Bravo, M.L., MSc, Prof. mutagenesis

Correa, M.C., BSc Tech., curator

Lépez, N., Bidlogo Prof. mechanism of segregation
Machado, R.G., Msc, Prof. mutagenesis

Pineda, N., MSc Prof. mutagenesis

Zuleta, M., MSc, Prof. mutagenesis

Commonwealth of Independent States

Alma-Ata, Kazakhstan 480121, Kazakh State University
Biyasheva, Z.M.

Dubna Moscow Region, Russia Joint Institute for Nuclear Research, Lab. of Nuclear Problems, Dept. of
Biophysics, Head Post Office, PO Box 79 [ FAX 095-975-23-81]

Alexandrov, 1.D,, DSc Senior Sci., general, molecular and radiation genetics
Alexandrova, M.V., PhD Sci., molecular cytogenetics, mobile elements
Korablinova, S.V. Junior Sci., molecular cytogenetics

Karpovsky, A.L. Junior Sci., Tech.

Kiev, Ukraine, Ukrainian Academy of Sciences, (A)Plant Physiology and Genetics Inst. & (B) Molecular
Biology and Genetics Inst.
Aizenzon, M.G. (A)
Stolina, M.R. @)

Kishinev, Ukraige, Inst. of Ecological Genetics
Gorodetsky, V.P.
Korol, A.B.
Kovtyukh, L.P.
Zhuchenko, A.A,

Moscow, Russia 117808, N.K. Koltsov Inst. of Develop. Biology(A). N.I. Vavilov Inst. of General Genetics
(B), Institute of Molecular Biology(C), and Institute of Molecular Genetics (D)

Bakayeva, T.G. (A)
Danilevskaya, O.N. D)
Evgen'ev, M.B. ©)
Georgieva, S.G. (A)
Grozdev, V.A., Prof. D)
Imasheva, A.G. (B)
Korochin, L.1. (A)
Korochkin, L.I. (A)
Kurenova, E.V. ()]
Lazebny, O.E. . (B)
Leibovitch, B.A, D
Malevanchuk, O.A. D)
Peunova, N.I. ©)
Sergeev, P.V. ©
Sheinker, V.Sh. ©)
Yenikolopov, G.N. ©)

Zhivotovsky, N.IL. (B)
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Novosibirsk-90, Russia 630090, Russian Academy of Science,Institute of Cytology and Genetics, Siberian
Department
Zakharov, L.K.,Dr.

Novosibirsk, Kazakhstag Russia 630090, Institute of Cytology and Genetics
Artjomova, E.V.
Baricheva, E.M.
Belyaeva, E.S.
Buzykanova, G.N.
Chadov, B.E.
Chadova, E.V.
Furman, D.P.
Graphodatsky, A.S.
Ivannikov, A.V.
Katokhin, A.V.
Kokoza, V.A.
Kopy], S.A.
Kozhemyakina, T.A.
Kozlova, T.Yu.
Mal'ceva, N.L
Omelianchuk, L.V.
Podoplevova, M.L.
Pokholkova, G.V.
Protopopov, M.O.
Rodin, S.N.
Tretyakova, L.V,
Valassova, LE.
Volkova, E.I.
Zhimulev, LF.

St. Petersburg 199034, St. Petersburg University, Dept. of Genetics
Kaidanov, L.Z.

Yerevan, Armenig ,Institute of Biochemistry
Khechumian, R.K.
Mndjoyan, E.O.
Galoyan, A.A.

Czechoslovakia

Brno, Masaryk University, Dept.. of Genetic and Molecular Biology, Kotlarska 2, 611 37 Brno. [ tel 425-71 29
545, FAX 425-740108, E-Mail BENED@CSBRMU11.BITNET ]

Benedik, J., PhD, Assoc. Prof. Head of Dept., Genotoxicity
Chroust, K., Dr, Assist. Prof. Genotoxicity, Ageing
Trbusek, M. PhD student, genotoxicity
Ryskova, M. PhD student, genotoxicity
Strnadova, V. PhD student, genotoxicity
Kadlecova, J. PhD student, genotoxicity
Machova, H. curator of stocks

Denmark

Aarhus DK-8000 C, Univ. of Aarhus, Inst. of Ecology and Genetics, Ny Munkegade

Andersen, D. Tech., Curator of stocks
Bundgaard, J., PhD, Assoc. Prof. population genetics
Loeschcke, V., PhD, Dsc population genetics

Lyngby DK-2800, Technical Univ., Ministry of Fisheries, Technological laboratory, Bldg. 221
Leisner, J.
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Finland

Helsinki SF-00014, University of Helsinki, Dept. of Genetics, P.O. Box 17 [ tel (358) 0-1917 371, FAX (358)
0-1917 376 ]
Heino, T.I, MS¢ pseudonurse cell polytene chromosomes
Roos, C., PhD oogenesis
Saura, A.O., PhD cytogenetics, chromosomal homologies
Sorsa, V., PhD, Prof. Emeritus polytene chromosomes
Tirronen, M., MSc oogenesis

Oulu 57 SF 90570, Univ. of Oulu, Genetics Dept.

Aspi, J., Phil. lic. sexual selection
Heikkinen, E., PhD speciation
Hoikkala, A., PhD behavior genetics
Lakovaara, S., PhD, Prof. enzyme polymorphism, evolution
Lankinen, P., PhD circadian rhythms
Lumme, J., PhD speciation
Reinikainen, J., Phil. lic. photoperiodism
Riihimaa, A., Phil. lic. photoperiodism, Chymomyza
Turku 50 SF 20500, Univ. of Turku, Biology Dept., Lab. of Genetics [ tel 921-645111 ]
Haapala, O., PhD Senior Lect., cytology and chromosome structure
Hannah-Alava, A., PhD Res. Assoc.
Nokkala, C., MSc Asst. teacher, cytogenetics
Nokkala, S., Phi-lic Res. Assoc., cytogenetics
Portin, P., PhD, Prof. developmental genetics, gene action
Puro, J., PhD, Assoc. Prof. mechanism of segregation
Savontaus, M.-L., PhD Asst. teacher, cytogenetics, Curator of stocks
Viinikka, Y., PhD Asst. teacher, salivary chromosomes

France

Clermont-Ferrand 63001, Univ. d’Auvergne, U.F.R. Médecine, Lab. de Biochimie 28, Pl. H. Dunant [ tel 73 60
80.24 , FAX 73 27 61 32}

Couderc, J.L. CR1 INSERM, oogenesis and ovary morphogenesis

Dastugue, B., Prof. ecdysone regulated genes in Drosophila Kc cells

Sobrier, M.L. CR1 INSERM, ecdysone regulated genes in Drosophila
Kc cells

Vaury, C. CR1 CNRS, informational suppressors, retrotransposon
induced alleles (w'R)

Gif-sur-Yvette Cedex 91190, Lab. de Biologie et Génétique Evolutives, C.NR.S. [ tel (33-1) 69-82-37-22,
FAX(33-1)69-07-04-21]

Lachaise, D. Directeur de Recherches C.N.R.S; spermatozoa &
evolution in Drosophila, sperm polymorphism &
competition, evolution of mating behavior,
taxonomy & speciation of Drosophilidae in tropical
Africa, historical biogeography of Drosophila in
Africa, paleophytogeography of Africa, history of
Fig-Fig Wasp assemblages, history of Fig-Fig
Drosophilid assemblages, the cospeciation versus
‘'empty barrel' hypothesis

Gif-sur-Yvette Cedex 91190, Lab. de Biologie et Génétique Evolutives, C.NR.S. [ tel (33-1) 69-82-37-33,
FAX(33-1)69-07-04-21]
Moreteau, B., Dr. Researcher, genetics of plant-insect interactions

Marseille Cedex 9 13288, Lab. de Génétique et Biologie Cellulaires, C.N.R.S. Case 907 [ tel 91-26-9600, FAX
91-82-0682
Rosset, R., Prof. Director, biology of development in Drosophila
melanogaster
Ahmed, O.A. Senior Sci., developmental biology of Drosophila
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Bregliano, J.C. Senior Sci., developmental biology of Drosophila
Kerridge, S. Senior Sci., developmental biology of Drosophila
Miassod, R. Senior Sci., developmental biology of Drosophila
Pradel, J. Senior Sci., developmental biology of Drosophila
Piovant, M. Senior Sci., developmental biology of Drosophila
Semeriva, M. Senior Sci., developmental biology of Drosophila

Paris Cedex 05 75251, CNRS et Univ., Paris 7, Institute Jacques Monod, 2 Place Jussieu
Lepesan, J.A.

Strasbourg Cedex 67085, Institut. de Chimie Biologique, Fac. de Médecine, Lab. de Génétique Moléculaire des
Eucaryotes, 11, rue Humann [ tel n® 33-88 37 12 55, FAX n° 33-88 37 12 55]

Simpson, P., DSc Senior Sci., developmental genetics
Richards, G., PhD Senior Sci., gene regulation
Haenlin, M., DSc Senior Sci., developmental biology
Bourouis, M., DSc Senior Sci., developmental biology
Heitzler, P., DSc Staff Sci., developmental biology
Giangrande, A., DSc Senior Sci., developmental biology
Perrin-Schmitt, F., DSc Senior Sci., developmental biology
Alberga, A., PhD Senior Sci., developmental biology

Strasbourg Cedex 67085, Institut. de Chimie Biologique, Fac. de Médecine, 11, Rue Humann
Chambon, P., Prof.

Toulouse 31062, CRBGC-CNRS, Dept. Biol. du Development, 118 Route de Narbonne
Cribbs, D.

Tours 37200, Exper. Inst. Biocenotique, Des Agrosystems, Ave. Monge-Parc Grandmont [ tel 47 36 66 00]
Periquet, G.

Germany

Bochum 4630, Ruhr-Universitit, Med., Fakultat, Inst. fiir. Genetik. [ tel 0234-700-3008 ]

Conrad, A. mutations in the D. nasuta subgroup
Goerick, S., Dipl. Biol. dosage compensation
Kalisch, W.-E., Prof. chromosome spreading

Plehn, Chr. Curator of stocks

Bochum 4630, Ruhr-Universitit, Chemie-Biochem., Postfach 10 21 48
Pongs, O.

Diisseldorf 4000, Heinrich-Heine-Universitit Diisseldorf, Inst. fiir Genetik, Universititsstr. 1 [ tel (0211) 311-
2276, FAX -3085 ]

Buenemann, H., Prof. Dr (-3421) Y chromosome of D. hydei, molecular genetics,
PFGE, heterochromatin

Degelmann, A., Dr (-4741) molecular genetics of female sterile mutations
affecting oogenesis of D. melanogaster

Glitzer, K.H., Prof. Dr (-2276) spermatogenesis of D. hydei and D.
melanogaster, RNP, electron microscopy

Hess, O., Prof. Dr (-2276) Y chromosome of D. hydei, cytogenetics

Schaefer, M., Dr (-4541) molecular genetics of spermatogenesis in D.
melanogaster

Schafer, U., Dr (-2635) molecular genetics of male sterile mutations in

D. melanogaster

Freiburg i. Brsg 7800, Inst. Biologie III, Schinziestr. 1
Fischbach, K.-F., Dr, Prof.

Freiburg i, Breisgau 7800,. Medical and Scientific Bookseller, PO Box 1463, Friedrichring 13.
Schulz, H.F.
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Giessen 6300, Inst. fiir. Allgemeine und Spezielle Zoologie, Stephanstr. 24 [ tel 0641/7025830 ]

Wessing, A., Dr, Prof. cytology, function, biochemistry of Malpighian tubules,
ionic regulation

Giessen 6300, Justus-Liebig-Univ., Biometrie u Populationsgenetik, Ludwigstr.[ tel 27 0641-702-6008 ]
Koehler, W., Dr, Prof. population genetics, biometrics

Goettingen 3400, Max-Planch Inst. for Biophysical Chem., Dept. 170, PO Box 2841
Nauber, U.

Hamburg 2000, Center for Molecular Neurobiology, UKE, Martinistrasse 52, 20
Gundelfinger, E.

Hamburg 2050, Pfingstberg 5, 80
Schwinck, 1., Dr

Heidelberg 6900, Univ. Heidelberg, Zentrum fiir Molekulare Biol. Heidelberg, Im Neuenheime Feld 282.
Paro, R.
Hovemann, B.T.

Kol 5000, Inst. fur Entwicklungsbiologie, Gyrhofstr. 17, 41 [ tel 221-470-2486, FAX 221-470-5164])
Campos-Ortega, J.A., Prof. Chairman
Knust, E., Prof.
Saumweber, H., Priv.-Doz. Dr
Klambt, C., Dr
Hinz, U,, Dr

Marburg (Lahn) 3550, Philipps-Universitit, Molekulargenetik, Fachbereich Biologie, Karl-von-Frisch-Strafe
Renkawitz-Pohl, R.

Mainz 6500, Johannes Gutenberg-Univ., Inst. of Genetics, Saarstr. 21, PO 3980 [ tel 06131/39-5843 , FAX
06131/39-5845 ]

Gateff, E., PhD, Prof. developmental genetics of tumors

Becker, G., Dr, Res. Assoc. molecular cloning of tumor genes
Kurzik-Dumke, U., Dr, Res. Assoc. molecular cloning of tumor genes

Loffler, T., Dr, Res. Assoc. molecular cloning of tumor genes

Technau, G.M., Prof., Dr developmental neurobiology

Urban, J., Dr, Res. Assoc. developmental neurobiology

Tto, K., Dr Post-doc. Fellow, developmental neurobiology

Miinchen D-80835, Zoologisches Inst. der Universitit, Seidlstr. 25 [ tel +49-89-5902266, FAX +49-89-
5902461, E-Mail albert.klarenberg@zoologie.biologie.uni-muenchen.dbp.de ]

Klarenberg, AJ., Dr, Akad.Rat. evolution/ population-genetics/ ecology
Houchmuth. E. Tech., curator of stocks

Offenberger, M. Grad. student

Krefer, O. Dipl. student

Bilfinger, M. Dipl. student

Follner, K. Dipl. studnet

Miinchen 2 8000, Zoologisches Inst. Luisenstr. 14
Tautz, D. Prof.

Miinster 4400, Univ. Munster, Inst. fiir Strahlenbiologie, Hittorfstr.17 [ tel 0251-835301 ]
Traut, H., Prof. Director of Institute, radiation biology

Miinster 4400, Inst. fiir Allgemeine Zoologie & Genetik, Schlossplatz 5
Janning,W., Prof.

Saarbriicken 6600, Univ. of Saarlandes, Dept. Genetics, 1M Stadtwald 6, [ tel 0681- 302-2425, FAX 0681-302-
4235]
Kroeger, H., Prof., Dr gene activation mechanisms, proto-oncogenes
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Cornelius, G., Dr heat shock, proto-oncogenes
Altmeyer, W. protooncogenes, hormonal regulation

Tiibingen 7400, Universitit Tiibingen Inst. fiir Biologie, Lehrstuhl fiir Populationsgenetik, Auf der
Morgenstelle 28 [ tel 07071-292611, FAX 07071-294634, E-Mail
"popgenetik@mailserv.zdv.uni-tuebingen.de”]

Bachmann, L., Dr Res. Asst., molecular evolution, repetitive DNA

Gutknecht, J. molecular evolution, repetitive DNA

Heikkinen, E., Dr Post-doc. Fellow, speciation, molecular evolution

Kittel, M., Dr population genetics, evolution

Miiller, E. Tech., Curator of stocks

Raab-Vetter, M. cytology, molecular evolution, repetitive DNA

Reichert, J. DNA-protein interaction

Sperlich, D., Dr, Prof. Head of Dept., population and evolutionary genetics,
molecular evolution

Traub, E. molecular evolution

Volz-Lingenhdhl, A. evolution of mitochondrial DNA

Wiirthner, M.E. Tech., Curator of stocks

Tiibingen 7400, Max-Planck-Inst. fiir Entwicklungsbiologie, Abteilung Genetik, SpemannstraBe. 35 [ tel
07071-601-489 ]

Beuchle, D. Tech., Curator of stocks
Bergmann, A. Grad. student
Ferrandon, D. Grad. student
Geisler, R. Grad. student
Isoda, K., Dr biochemistry
Knossel, M. Grad. student
Nisslein-Volhard, C., Dr developmental genetics
Stein, D., Dr developmental genetics

Tubingen 7400, Max-Planck-Inst. firr Biologische Kybernetick [ tel 07071/601-560 ]

Borst, Al, PhD, Lect. visual perception, nervous integration

Egelhaaf, M., PhD, Lect. visual perception, nerve cell response analysis
Figer, M. Curator of stocks

Gotz, K., PhD, Prof. search strategies, flight control

Hengstenberg, R., PhD posture control

Kirschfeld, K., Prof. visual pigments

Strauss, R., PhD neurogenetics of the central complex, locomotion

Tiibingen 7400, Max-Planck-Inst. fiisr Entwicklungsbiol., Spemannstrasse 35
Casal, J.

Wiirzburg 8700, Univ. Wurzburg, Theodor-Boveri-Inst. fiir Biowissenschaften (Biozentrum), Lehrstuhl Genetik,
Am Hubland [ tel. 0931/888 4450, FAX 0931/888 4452 ]
Buchner, E., Dr, Prof.
Hofbauer, A., Dr, Doz.
Heisenberg, M., Dr, Prof.

Greece

Athens 301, Agricultural College of Athens, Genetics Dept., Iero Odos 75, [tel 3460680, FAX 3460885]

Ayoutanti, A. population and evolutionary genetics of the genus
Albinaria

Brehm, A., PhD giant chromosome homologies in the obscura group of
species.

Khadem, N., PhD genetic mechanisms of speciation in the subobscura
cluster of species

Krimbas, C.B., PhD Director lab, population and evolutionary genetics

Kolia-Y akoumi, G. stockkeeper

Kourniti, A., PhD population genetics of Trypedid flies

Loukas, M., PhD Director; population and evolutionary genetics

Tsakas, S., PhD population and evolutionary genetics
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Crete, Inst. Mol. Biol. and Biotechnology, PO Box 1527, Heraklio 7110
Boortzis, K.

Patras, Univ. of Patras, Biology Dept. [ tel (061) 997-528,997-853 ]

Alahiotis, S., PhD, Prof. biochemical, population and evolutionary genetics
Bouhayer, S. stockkeeper
Christopoulou, A. stockkeeper
Demopoulos, N., PhD, Asst. Prof. environmental mutagenesis
Michalopoulou, E. secretary
Stamatis, N., PhD, Asst. Prof. Res. Asst., general and population genetics
Stephanou, G., PhD, Asst. Prof environmental mutagenesis
Yannopoulos, G., PhD, Assoc. Prof. general and population genetics
Zacharopoulou, A., PhD, Assoc. Prof. population genetics and cytogenetics
Hungary
Budapest, Eotvos L. University, Dept. Genetics, Muzeum krt. 4/a, 1088 H. [ tel 267-0820, FAX 266-2694, E-
Mail PARADI.@ Ludens.ELTE.HU.]
Parédi, E., PhD, Res. Assoc. chemical mutagenesis

India

Bombay, Colaba 1400 005, TATA Inst. Fund. Res., Molecular Biol., Homi Bhabha Road.

Singh, R.N.
Calcuita 700 019, Univ. of Calcutta, Genetics Research Unit, Zoology Dept., 35, Ballygunge Circular Rd.
Achary, P.M., PhD DNA replication
Basu, S. dosage compensation
Bhadra, U., PhD dosage compensation, trisomies
Chatterjee, R.N., PhD, Assoc. Prof. gene expression, dosage compen., sex determ.
Chatterjee, S. heat shock
Das, P.C. mutagenesis
DasGupta, S. dosage compensation
DuttaGupta, A.K., PhD, Prof. mutagenesis, population and evolutionary genetics
Ghosh-Mukherjee, S., PhD gene expression, dosage compensation
Kunduy, J.X. non-histone proteins
Maitra, S. dosage compensation
Manna-Kundu, N. population genetics
Mukherjee, A.S., PhD, Prof. dosage compensation, DNA replication
Mukherjee, J. sex determination, dosage compensation
Mukherjee, R. gene expression
Pal-Bhadra, M. evolutionary genetics
Pathak, K. non-histone proteins

Naini Tal 263002, Kumaun University, Dept. Zoology, Cytogenetics Lab.
Singh, B.K., MSc, PhD

Ludhiana 141004, Punjab, Punjab Agricultural Univ., Genetics Dept.
Miglani, G.S., PhD (Howard), Assoc. Prof. biochemical genetics and mutagenesis
Sharma, A.K,, PhD Geneticist, biochemical genetics
Trehan, K.S., Assoc. Prof. biochemical genetics, molecular and immunogenetics

Mysore 570 006, Univ. of Mysore, Dept. of Studies in Zoology, Manasagangotri

Ranganath, H.A., MSc, PhD, Reader genetics of speciation
Hegde, S.N., MSc, PhD, Reader population genetics
Vasudev, V., MSc, PhD, Senior Lect. mutagenesis

Ramesh, S.R., MSc, PhD, Senior Lect. biochemical genetics

Naseerulla, M.K., Mr.

Pune 411007, Univ. of Poona, Dept. of Zoology, [ FAX 0212-330087 ]
Kar, A. sex determination and dosage compensation
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Varanasi 221 005, Banaras Hindu Univ., Dept. Zoology, Cytogenetics Laboratory, [tel 0-542-310048, FAX 0-
542-312059]
Cytogenetics laboratory

Lakhotia, S.C., PhD, Prof heat shock gene expression

Mukherjee, A., MSc Res. Fellow, oncogene expression

Mutsuddi, M., MSc Res. Fellow, heat shock gene expression

Ray, P., MSc Res. Fellow, heat shock gene expression

Roy, J.K., PhD, Lect., oncogene expression

Sharma, A., MSc Res. Fellow, heat shock gene expression

Singh, B.N., MSc Res. Fellow, heat shock gene expression

Singh, J.N,, BSc Res. Asst.

Tapadia, M., MSc Res. Fellow, heat shock gene expression
Genetics Laboratory

De, A., MSc, MPhil Res. Fellow, systematics

Gupta, J.P., MSc, PhD Prof., systematics and evolutionary genetics

Gupta, K.X., MSc Res. Fellow, systematics and cytogenetics

Mathew, S., MSc Res. Fellow, quantitative genetics

Pandey, M.B., MSc Sr. Res. Fellow, behaviour genetics

Singh, B.N., MSc, PhD, DSc Prof., population genetics, behaviour genetics and

crossing-over
Srivastava, T., MSc Res. Fellow, behaviour genetics
Sundaran, A.K., MSc, PhD Sr. Res. Fellow, systematics and cytogenetics

Israel

Haifa 32000, Technion-Israel, Dept. Biology, Inst. Technology
Lev, Z.

Jerusalem 91904, The Hebrew Univ., Genetics Dept. [ tel 02-585131 ]
Falk, R., PhD, Prof.

Grinbaum, Y., PhD developmental genetics
Baker, S.

Jerusalem 91010, Hebrew Univ.-Hadassah Med. School, Exp. Medicine/Cancer Res.
Zak, N., Dr

Rehovot 76100, Weizmann Institute, Dept. of Molecular genetics
Shilo, B.

italy

Bologna 40126, Universita' di Bologna, Dpto. di Biologia, via Belmeloro 8. [ tel 51 354186; FAX 51-251208]
Cavicchi, S., Assoc. Prof. quantitative genetics
De Toma, C. Tech. Asst., developmental genetics
Giorgi, G. Tech. Asst., mutagenesis, magnetic fields
Guerra, D. Res. Asst., cell proliferation genes
Pezzoli, M.C. Res. Asst., cell proliferation genes

Milano 20133 Univ. of Milano, Physiol. and Biochem., Via Celoria 26

Perotti, M.
Palermo 90123, Universita' di Palermo, Dpto. di Biologia Cellulare e dello Sviluppo, Via Archirafi 22 [ tel
6161801]
Cavolina, P., DrSc melanotic tumors, transposable elements
Di Pasquale Paladino, A., Assoc. Prof. melanotic tumors, transposable elements
Di Lemma, G., DrSc development transposable elements
Ribaudo, R.M., DrSc melanotic tumors, transposable elements

Rome 00185, Univ. di Roma "LA SAPIENZA", Dpto. di Genetica e Biologia Molecolare, P. Le Aldo Moro 5, [
tel 5 49.56.205 ]
Gatti, M., Prof. mitotic mutants, heterochromatin
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Rome 00185, Univ. di Roma
Argentin, G.
Cicchetti, R.

Idili, C.
Nicoletti 11, B.

Japan

Ehime 790, Ehime University, Dept. of Biology, Fac. of General Education, Matsuyama
Watada, M., Dr

Fukuoka 812, Kyushu University, Faculty of Science, Dept. of Biology
Y amazaki, T.

Ibaraki Tsukuba 305, Inst. of Phys. and Chem. Research, Lab. of Molecular Genetics, 3-1-1 Koya-Dai
Ishii, S. PhD

Ishinomaki, Senshu Univ., Biotech. 1 Shinmito Minamisakai
Tamate, H.B.

Kagawa, Takamatsu 761-01, Takamatsu Junior College, 960 Kasuga-cho, Takamatsu, Laboratory of Natural
Sciences, [ tel 0878-41-3255 x511, FAX 0878-41-3064]
Miyamoto, T., Dr. Prof. developmental genetics

Matsue 690, Shimane Univ., Biology Dept., Fac. of Science [ tel 082-32-6100, FAX 0852-32-6449 ]
Hatsumi, M., Dr, Assoc. Prof. evolutionary genetics, cytogenetics
Wakahama, K.I, DSc, Prof. cytogenetics, evolution in the D. nasuta subgroup of the
immigrans species group

Misima 411, Natl. Inst. of Genetics, [ tel 0559-75-0771, FAX 0559-71-3651, E-Mail
Shayashi@ddbj.nig.ac.JP]

Fuse, N, MS Grad. student, molecular genetics, D. melanogaster
Hayashi, S., Dr Instructor, molecular genetics, D. melanogaster
Hirose, S., Dr, Assoc. Prof. molecular genetics

Minato, K., MS Instructor, molecular evolution

Moriyama, E.N., Dr Instructor, molecular evolution

Murata, H., MS Grad. student, molecular genetics, D. melanogaster
Ueda, H., Dr Instructor, molecular genetics, FTZ-F1

Watanabe, T.K., Dr, Assoc. Prof. evolutionary biology, D. simulans

Yamada, M.A,, Dr Instructor, developmental biology, SR

Nagoya 464, Aichi Cancer CTR., Dept. of Experimental Radiology, Chikusa-ku
Nishida, Y.

Okavama 700, Okayama University of Science, Biological Laboratory, Ridai-cho, [ tel 0862-52-3161, FAX
0862-55-7700]

Ohnishi, E., DrSci, Prof. biochemical genetics
Asada, N., DrSci, Lect. biochemical genetics
Fukumitsu, T., MsSci Grad. student, biochemical genetics
Yonemura, M. Grad. student, biochemical genetics
Fujimoto, K. Grad. student, biochemical genetics
Masuda, K-i. Grad. student, biochemical genetics

Osaka 565, Osaka University, Department of Radiation Biology, Faculty of Medicine, 2-2 Yamada-oka, Suita-
shi [ tel 06-877-5111 x 5432/5431]

Nomura, T., Prof. carcinogenesis, teratogenesis, mutagenesis
Ryo, H., Res. Assoc. mutagenesis, radiation biology, developmental biology
Todo, T., Res. Assoc., radiation biology, developmental biology

Osaka, Sakal 593, Unov. Osaka Preteceure, Dept. Life Sciences, 1-1 Gakuen-cho.
Tanaka, Y.
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Osaka, Nakato 531, 8-33 Nakatsu 6-Chome, Kita-Ku
Schoin, A.G. Dokua

Osaka, Minoo City 562, Osaka U. Foreign Studies, Biological Lab., Higashe 8-1-1, Aomadani
Inoue, Y.

Sagamihara, Kanagawa 229, Azabu University, Dept. of Physiology

Akiyama, T.
Sakado, Saitama 350-02, Meikai Univ., School of Dentistry, Biology Dept. [ tel 0492-85-5511 x 506 ]
Fukatami, A., Dr, Prof. speciation
Inaga, A, Asst. speciation
Mikasa, K., Asst. Prof. behaviour genetics
Sakado, Saitama 350-02, Josai Univ., Fac. of Science, Biological Lab. [ tel 0492-86-2233 ]
Kosuda, K., Dr, Prof. population genetics
Narise, S., Dr, Prof. biochemical genetics
Tominago, H., Asst. biochemical genetics

Sapporo 060, Hokkaido Univ., Fac. of Science, Zoological Institute

Hori, S.H., Dr, Prof. molecular genetics
Kimura, M.T., Dr, Lect. evolutionary ecology
Yoshida, K. Instructor, molecular genetics

Sapporo, Hokkaido Univ., Inst. of Low Temperature Science, Zoological Section [ tel 011-716-2111 x 6887 ]

Shimada, K. Instructor, physiology
Toda, M.J., Dr, Prof. ecology, taxonomy
Sapporo, Hakkaido Univ., Dept. of General Education Biological lab.
Watabe, H., Dr, Asst. Prof. taxonomy, ecology
Sendai 980, Tohoku Univ., Research Cur. for Applied Infor. Sci., Dept. of Neurobiology
Isono, K., PhD Res. Assoc., neurogenetics, sensory physiology
Tsukahara, Y., MD, Prof. physiology of vision
Hariyama, T., PhD Res. Assoc., photobiology

Tokyo 188, Kyorin Univ., School of Med., Dept. of Biology, 6-20-2 Shinkawa, Mitaka [ tel 0422-47-5511,
FAX 0422-40-7281 ]
Matsuda, M., Lect. recombination, mutation

Tokyo 192-03, Tokyo Metropolitan Univ., Dept. of Biology, Minami-ohsawa 1-1, Hachioji-Shi, [ tel 0426-77-
2574,-2575,-2576; FAX: 0426-77-2559, E-mail: A910741@JPNTMUOO.BITNET ]

Aigaki, T., Dr, Lecturer developmental genetics

Aotsuka, T., Dr, Instructor population genetics, molecular evolution
Fujisawa, R. Curator of stocks

Fuyama, Y., Dr, Prof. behavior and evolutionary genetics
Kitagawa, O., Dr, Prof. evolutionary genetics, speciation
Tamura, K., Dr, Instructor molecular evolution

Tokyo 112, Ochanomizu Univ., Biology Dept., Genetics Lab., Ohtsuka 2-1-1, Bunkyo-ku [ tel 03-3943-3151 x
575, FAX 03-3944-8731, E-mail A0145@JPNOCHA1.BITNET]
Chigusa, S.1., PhD, Prof. population genetics, molecular evolution
Matsuura, E.T., DSc Instructor, molecular evolutionary genetics

Tokyo 113, Univ. of Tokyo, Fac. of Science, Physics Dept. [ tel 3-812-2111 x 41444146 ]

Hotta, Y., Prof. behavioural and molecular genetics
Mogami, K., Res. Assoc. molecular biology
Takasu-Ishikawa, E., Res. Assoc. molecular genetics

Masai, 1., Res. Assoc. molecular biology

Ann, H. Grad. student, molecular biology

Kaneko, M. Grad. student, developmental genetics
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Koizumi, K. Grad. student, molecular biology

Kojima, S. Grad. student, molecular biology

Nitta, K. Grad. student, developmental genetics

Hosoya, T. Grad. student, molecular and developmental biology
Ueda, A. Grad. student, behavior genetics

Zheng, Z. Grad. student, cell biology

Wang, J. Grad. student, molecular biology

Okazaki, A. Grad. student, molecular biology

Tokyo 169-50, School of Education, Nishi-Waseda, Dept. of Biology [ tel 81-3-3203-4141 ext 3882, 3883;
FAX 81-3-3207-9694 ]
Taira, T., Dr, Prof. evolutionary biology
Sawamura, K., Dr Instructor, speciation, D. melanogaster

Tokyo 162, Tokyo Women's Me. College, Dept. Physiology, 8-1 Kawada-Cho, Shinjuku-Ku
Komatsu, A.

Tokyo 187, Natl. Inst. Neurosci., Div. Molec. Genetics, 4-1-1 Ogawahigashi, Kodaira

Matsuzaki, F.

Tokyo 185, Yakult Central Inst., Microbiological Res., 1796 Yaho, Kunitachi
Sato, T.

Tsukuba, Ibaraki 305, University of Tsukuba, Inst. of Biol. Sci.
Maruo, F.

Urayasu, Chiba 279, Meikai Univ., Biological lab., Akemi 8 [ tel 0473-55-5111 }
Narise, T., Dr, Prof behavior genetics
Tsuno, K., Dr, Prof. protein polymorphism

Republic ot Korea

Choong Nam 330-714, Dankook University, Dept. Biology, San 29, Anseo-Dong, Cheonan-Si

Kim, W
Taejeon 301-729, Mok-Won University, Dept. Biology, 24 Mok-Dong, Chung-ku
Kim, D.I.
Seoul 156-756, Chung-Ang Univ., Biology Dept., 221, Heuk Suk-Dong, Dong Jak-Ku [ tel 02-810-2172, FAX
02-816-9938 ]
Hong, K.J., Res. Asst. population genetics
Kim, N.W., PhD, Asst. Prof. evolutionary genetics
Lee, TJ., Dr, Prof. evolutionary genetics
Song, E.S., PhD, Instructor evolutionary genetics

Choo, J.K., Dr, Prof

Seoul 120-750, Ehwa Woman's Univ., Science Education Dept., Genetics Lab. [ tel 02-360-2689 ~ 90, 360-
2695, FAX 02-393-5903 ]

Choi, EJ. Grad. student, electrophoresis

Chung, Y.J., PhD, Prof. (retrd.) population genetics, evolution (02-392-1661)
Chung, Y .L. PhD, Asst. Prof. gene expression

Kang(Song), Soon JA PhD, Prof. population genetics, polymorphism

Kim, S.Y. Grad. student, electrophoresis

Shin, H.J. Grad. student, electrophoresis

Yoo, C.H. Grad. student, gene expression

Seoul 151-742, Seoul National Univ., Biology and Molecular Biology Dept. [ tel 880-6691, FAX 872-1993 }

Lee, C.C., DSc, Prof. DNA & protein polymorphism, developmental genetics
Chung, K.W. Res. Asst., developmental genetics

Kim, AJ. Res. Asst., biochemical genetics

Chung, Y.D. Grad. student, developmental genetics

Won, Y.J. Grad. student, biochemical geneitcs
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Kwon, H.C. Grad. student, developmental genetics
Kim, UK. Grad. student, developmental genetics

Seoul, 137-063 Daewoo Hyoryong Apt. 101-206, 1038 Pangbae3-dong, Socho-ku. [ tel: 02-523-1667 ]
Chung, Y.J., PhD

Seou] 133-791, Hanyang University, School of Medicine, Dept. Genetics
Paik, Y.X., PhD
Lyu, M.S.

Seoul 120 -749, Yonsei Univ., Biology Dept. [ tel 02-361-2657]
Choi, Y., PhD, Prof. population genetics

Mexico

Saltillo, Coahuila 25315, Universidad Autonoma Agraria "Antonio Narro", Lab. de Genetica, Buena Vista [ tel
17-30-22 ext. 308 ]

Garcia-H., M.E., MC, Prof. population and general genetics

Casar, B.U. Tech., Curator of stocks

Jaime, B. Tech., Curator of stocks

Ochoa-R., A.M., Asst. Prof. general genetics

Olivarez-S., G., MC, Prof. tissue culture and general genetics
Netherlands

Bilthoven 3720 BA, Natl. Inst. of Public Health, Lab. for Carcinogenesis and Mutagenesis, PO Box 1, [ tel 030-

742163 ]
Kramers, P.G.N., Dr Res. Sci., chemical mutagenesis
Verharen, HW. Res. Asst., chemical mutagenesis

Haren, Groningen 9751 NN, Univ. of Groningen, Genetics Dept., Biological Ctr., Kerklaan 30 [ tel 050-

632092 ]
Bijlsma, R., PhD Senior Res. Sci., population genetics
Boerema, A.C. Res. Asst., population genetics
Hoekstra-du Pui, M.L.L. Curator of stocks
Kamping, A. Res. Asst., population genetics
Van Delden, W., PhD, Prof. population Genetics
Van 't Land, J. Res. Sci., population genetics
Van de Zande, L. Jac. mgn., PhD Senior Res. Sci., molecular biology
Weissing, F.J., PhD Senior Res. Sci., theoretical population genetics
Zwaan, BJ. Res. Sci., population genetics

Nijmegen 6525 ED, Univ. Nijmegen, Dept. Molecular and Develop. Genet., Toernooiveld [ tel 080-65-2931,
FAX 080-55-34-50]

Gong, Y., MD laminin in spermatogenesis, molecular biology
Hanske, M., PhD, Dr ultrastructure of spermatogenesis

Harhanghi, H. Tech.

Hennig, W., PhD, Prof. chromosome structure and function
Hochstenbach, R., PhD, Drs molecular biology of lampbrush loops
Miedema, K., PhD, Drs myosin in spermatogenesis, molecular biology
Sun, X., PhD, MD laminin in spermatogenesis, molecular biology

Utrecht 3584 CH, Rijksuniv. de Utrecht, Dept. Plant Ecology and Evolutionary Biology, Padualaan 8 [ tel 31-
30-533184, FAX 31-30-513655, E-Mail WBLGENP@neuretB.BIOL.RUU.NL]

Scharloo, W., Prof. genetic variation .

de Jong, G., PhD, Assoc. Prof. theoretical population genetics, reaction norms
Thorig, G.E.W., PhD, Assoc. Prof. hybridization, ADH

Noach, S., Ms Grad., phenotypic plasticity

Freriksen, A., Ms Grad., ADH-physiology, NMR

de Moed, G. Grad., phenotypic plasticity

Bruins, B., MSc Grad., light

van der Have, T. Grad., reaction norms

Bets, P. Grad., Chironomus, competition, teaching

231
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Eisses, K.Th., PhD Post-doc., ADH, mutagenesis, teratogenesis
Hageman, J. Post-doc., molecular genetics

New Zealand

Wellington, Victoria University, Sch. Biological Sci., PO Box 600

Chambers, G.
Moore, R.H.
Portugal
Lisbon 1700, Univ. of Lisbon, Fac. of Science, Dept. Zoology & Anthropology [ tel 7573141 ]
Alcobia, C. Tech., stockkeeper
Avelar, T.M., PhD adapative strategies
Matos, M., Asst. quantitative genetics of life histories

Rocha-Pité, M.T., DSc, Prof. evolutionary ecology

Porto 4100, Centro de Citologia Exp, Rua do Campo Alegre 82
Sunkel, C.E.

Republic of Singapore

Singapore 10511, National University of Singapore, Institute of Molecular & Cell Biology
Chia, W.

South Africa

Johanpesburg 2050, Univ. of the Witwatersrand, Genetics Dept. [ tel 716-2125 ]

Van Schaik, N., Prof Head of Dept., genetic toxicology using Drosophila
Spain

Alicante 03080, Univ. de Alicante, Dpto. de Genetica, Molecular Y Microbiologia, Campus de San Juan.

Apartado 374
Molina, J.LM., Dr

5267434 ]
Ramirez, E.

4110969 ]
Aguadé, M., Prof.
Amadon, A.,

Afrian, S., Assoc. Prof.
Balaiid, J., Asst. Prof.
Cirera, S.

Comerén, J.M.
Gonzilez, R., Prof.

Juan, E., Assoc. Prof.

© Martin-Campos, J.M.

Mestres, F., Assoc. Prof.
Papaceit, M., Asst. Prof.

Pascual, M.

Alicante 03540, AVDA Santander N-9, Versalves BLQ-1-5A, Playa San Juan [ tel 34-96-5267434, FAX 34-96-

biological effects of extremely low frequency
electromagnetic fields, biological space research
(microgravity)

Barcelona 08071, Univ. of Barcelona, Genetics Dpto., Av. Diagonal, 645 [ tel 343-4021498, FAX 343-

molecular evolutionary genetics

Grad. student, gene regulation and evolutionary
relationships of Drosophila Adh

protein engineering on Drosophila dehydrogenases and
heterologous gene expression in yeast

population genetics

Grad. student, molecular evolutionary genetics

Grad. student, molecular evolutionary genetics

protein engineering on Drosophila dehydrogenases and
heterologous gene expression in yeast

gene regulation and evolutionary relationships of
Drosophila Adh

Grad. student, molecular evolutionary genetics

population genetics

gene regulation and evolutionary relationships of
Drosophila Adh

Grad. student, population genetics
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Prevosti, A., Emeritus Prof.
Ramos, S.

Rozas, J., Assoc. Prof.
Sagarra, E., Asst. Prof.
Serra, Ll., Prof.

Institutional Directory

evolutionary genetics

Grad. student, molecular evolutionary genetics
molecular evolutionary genetics

molecular evolutionary genetics

population genetics

Burjassot (Yalencia) 46100, Universitat de Valéncia, Dpto. de Genetica, Dr. Moliner, 50. { tel 96-3864379 ]

Adell, J.C.
Alberola, T.
Arbona, M.
Artero, R.D.
Barrio, E.
Bel, Y.

Blesa, D.

de Frutos, R. , Dr, Prof.
Calatayud, M.

Cuenca, J.

Ferré, J., Dr, Assoc. Prof.
Galiana, A.

Galindo, M.I.

Genovés, J.F.

Gonzélez, A., Dr, Assoc. Prof.
Gonzdlez, F., Asst. Prof.
Hernandez, A.

Latorre, A., Assoc. Prof.,
Lépez, A.

Martinez, M.J., Dr, Assoc. Prof.
Ménsua, J.L., Dr, Prof.
Molté, M.D., Dr, Asst. Prof.
Moya, A., Dr, Assoc. Prof.
Paricio, N.

Pascual, L., Dr, Assoc. Prof.
Pérez, M., Dr, Asst. Prof.
Piedrafita, A.C.

Real, L., Dr, Asst. Prof.
Ruiz, P.
Silva, F., Dr, Asst. Prof.
Terol, J.

Grad. student, population genetics .

Grad. student, transposable elements D. subobscura

Grad. student, temperature puffs of D. subobscura

Grad. student, homeotic genes

Grad. student, mitochondrial DNA

Grad. student, aromatic amino acid metabolism, pteridine
biosinthesis

Grad. student, transposable elements D. subobscura

transposable elements

Grad. student, biochemical genetics

Grad. student, salivary chromosomes, electron
microscopy

biochemical genetics

Grad. student, biochemical genetics

Grad. student, hobo transposable element

stockkeeper

mitochondrial DNA

evolutionary genetics

Grad. student, quantitative genetics

mitochondrial DNA

Grad. student, quantitative genetics

transposable elements D. subobscura

Head of Dept., population genetics

transposable elements D. subobscura

mitochondrial DNA and speciation

Grad. student, P transposable element

transposable elements

developmental genetics

Grad. student, catecholamine metabolism, biochemical
genetics

biochemical genetics

Grad. student, molecular genetics of Phe metabolism

biochemical and molecular genetics

Grad. student, homeotic genes

Lugo, 27002, Universidade de Santiago de Compostela, Dpto. de Biolgia Fundamental, Area de Genética,
Facultad de Veterinaria [ tel (982) 25 21 61, FAX (982) 25 21 65

Pifién, L. S.
Sal4n, E.S.M.

Madrid 28049, Universidad Autonoma de Madrid, Library-Centro de Biologia Mol., Facultad de Ciencias, Canto

Blanco.
Gutierrez, R.

Madrid 28049, Universidad Autonoma de Madrid, Centro de Biologia Molecular

Garcia-Bellido, A.

Madrid 28049, Cantoblanco, Centro de Biologia Molecular (CSIC-UAM) [tel 34-1 397-5072, FAX 34-1 397-

4799 1

Pulido, D., Dr, Staff Investigator

Signal transduction by protein tyrosine kinases and
phosphatases during Drosophila neurogenesis and
molecules involved in processes of neuronal
survival and axon growth and guidance (e.g.
neurotrophin factors and their receptors, neural cell
adhesion molecules, etc.)
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Madrid 28006, Centro Invest. Biol., Velazquez 144
Sanchez, L

Madrid 28029, Inst. Investigaciones Biomedicas, Calle Arturo Duperier, 4
Vallejo, C.G., Dr
Medina, M.

Madrid 28002, Instituto Cajal, Dr. Arce 37
Ferrtis, A.

Salamanca 37008, University of Salamanca, Dpto. of Genetics
Aguado-Rodriquez, P.

Sweden

Goteborg S-413 90, Univ. of Goéteborg, Genetics Dept., Guldhedsgatan 23 [ tel +46-31 1853000, FAX + 46- 31

826286 ]
Levan, G., PhD Head of Dept., somatic cell genetics
Block, K., PhD cytological and molecular characterization of the TE

transposon
Alatalo, M., FK genomic organization of a Drosophila minichromosome
Stockholm S-104 01, Karolinska Institute, Dept. Molecular Genetics, Box 60400, [ tel +46-8-72873776, FAX
+46-8-313529, E-Mail christer.ericsson@mog.ki.se ]
Ericsson, C., Dr

Stockholm S-106 91, Univ. of Stockholm, Dept. Toxicological Genetics, Wallenberg Laboratory [ tel
08/162051]

Cederberg, H., PhD
Magnusson, J., PhD
Ramel, C., PhD, Prof.

satellite DNA

chemical mutagenesis

Head of Group, chemical mutagenesis, recombination
transposition

Stockholm S-106 91, Univ. of Stockholm, Dept. Microbiology

Hultmark, D.

Umea S-901 87, Univ. of Ume4, Genetics Dept. [ tel 090-16 52 74, FAX 090-16 76 65

Andersson, S.

Ekstréom, K., Mrs

Enander, P.

Johansson, B.

Larsson, J.

Rasmuson-Lestander, A., PhD
Rasmuson, B., PhD, Prof. Emeritus

Rasmuson, M., PhD, Prof. Emeritus

Saura, A., PhD, Prof.

Switzeriand

Grad. student, molecular genetics, Minutes

Curator of stocks, European Drosophila Stock Center

Grad. student, molecular genetics, trasposons

Grad. student, ecological genetics, lethal mutations

Grad. student, molecular genetics, transvection

molecular genetics, mutagenesis

transposons, gene interactions

quantitative genetics/ population genetics

Head of Dept., chromosomal homologies in Drosophila
species

Basel CH-4056, Univ. of Basel, Dept. of Cell Biology, Biozentrum, Klingelbergstrasse 70 [ tel 061/267 3111,

267 2051 FAX 061/267 2078 ]
Affolter, M., Res. Asst.
Baumgartner, P. Tech.

Callaerts, P.

Cadigan, K.

Flister, S., Acad. techn. asst.
Furukubo-Tokunaga, K.
Gehring, W.J., Prof.
Grossniklaus, U.

molecular biology, developmental genetics

DNA sequencing

Post-doc. Fellow, developmental genetics, gene
regulation

Post-doc. Fellow, biochemistry of development

developmental genetics, homeotic target genes

Post-doc. Fellow, homeotic target genes

Group leader, developmental genetics

Grad. student, developmental genetics, gene regulation
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Haerry, T. Grad. student, homeodomain specificity, developmental
genetics

Halder, G. Grad. student, homeodomain specificity, developmental
genetics

Keegan, L. Post-doc. Fellow, DNA binding proteins, homeotic
target genes

Kiloter, U. Curator of stocks and Drosophila cell-cultures

Kondo, S. Post-doc. Fellow, developmental genetics, oogenesis

Leemans, R. Post-doc. Fellow, molecular biology, homeotic target
genes

Loosli, F. Grad. student, developmental genetics,
transdetermination

Mergny, J.-L. Post-doc. Fellow, mutagenesis

Montagne J. Post-doc. Fellow, protein-protein interaction between
developmental description factors

Quiring, R. Grad. student, developmental genetics, gene regulation

Resendez-Perez, D. Post-doc. Fellow, molecular biology, homeodomain
specificity

Rothenfluh, A. Diploma student, developmental genetics, homeodomain
specificity

Walldorf, U. Post-doc. Fellow, developmental genetics, gene
regulation

Yamamoto, Y. Grad. student, developmental genetics, Polycomb-group
genes

Basel CH4051, Zoology Institute, Rheinsprung 9 [tel +41 61 267 34 85, FAX +41-61-267-34-57, E-Mail

stearns@urz.unibas.ch ]|
Stearns, S.

Base]l CH-4056, Univ. of Basel, Dept. Cellbiologie, Bioctr., Klingelbergstr. 70

Preiss, A.

Fribourg CH-1700, Fribourg, Univ. of Fribourg, Inst. of Zoology [ tel 41 (Switz.) 37-82-63-02 , FAX 41

(Switz.) 37 82-65-14, E-Mail STOCKER@CFRUNI51 ]

Gendre, N. Tech., neurogenetics

Stocker, R.F., PhD neurogenetics

Stortkuhl, K. Grad. student, immunogenetics
Tobler, H., PhD, Prof. developmental genetics

Geneva CH-1224, Univ. of Geneva, Genetics Lab., 154, route de Malagnou , Chene-Bougeries[tel 022-349 86 43,

FAX 022-349 26 47 ]

Cléard, F. Grad. student, molecular genetics, position-effect
variegation

Galloni, M. Grad. student, molecular genetics, homeotic genes

Gloor, H., PhD, Prof. Emeritus

Karch, F., PhD, Lect. molecular genetics, homeotic genes

Pauli, D., PhD Res. Assoc., molecular genetics, sex determination

Spierer, A., PhD Res. Assoc., molecular genetics, position-effect
variegation

Spierer, P., PhD, Prof. Dept. Chairman, molecular genetics, position-effect
variegation

Ziirich (Schwerzenbach) CH-8603, der Eidg. Techn. Hochschule & Univ. of Zurich, Institute of Toxikologie,

Schorenstrasse 16 [ tel 01-825 10 10 ]
Wiirgler, F.E., PhD, Prof. chemical mutagenesis, DNA repair, mutagenicity testing,
metabolism of mutagens and carcinogens

Frolich, A.

Ziirich CH-8008, Univ. Ziirich, Inst. fiir Medizinische Radiobiologie,Postfac 8029
Mindek, G., PhD, Res. Assoc. embryonic systems, cytology
Schweizer, P., PhD, Res. Assoc. radiation effect on embryonic system

Ziirich CH-8057, Univ. Ziirich, Zoologisches Inst., Winterthurerstr. 190 [tel 01-257.-4861, FAX 1-361-3185]

Bichli, G., PhD taxonomy of Drosophilidae
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Diibendorfer, A., PhD tissue culture in vitro, ecdysteroids
Naothiger, R., PhD, Prof. sex determination
Steinmann-Zwicky, M., PhD sex determination

Ziirich CH-8057, Univ. Ziirich, Zoologisches Inst., Winterthurerstr. 190
Hauschteck-Jungen, E., Dr
Bigler, D.
Basler, K.

Ziirich CH-8057, Univ. Ziirich, Inst. fiir Molekularbiologie II, Winterthurerstr. 190 [tel 01-257.-4861, FAX 1-
361-3185]
Noll, M., Dr, Prof.

Zirich CH-8603, Univ. Ziirich, Inst. of Toxicology, Swiss Federal Institute of Technology

Graf, U.
Thailand
Bangkok 10400, Mahidol Univ., Biology Dept., Rama 6 Road [ tel 246-1360 x 425, FAX 662-247-7051]
Baimai, V., PhD, Prof. cytogenetics & evolution
Chumchong, C., BSc, Asst. Prof. cytogenetics of D. kikkawai
Kitthawee, S., MSc, PhD, Asst. Prof. population genetics

Turkey

Ankara, Hacettepe Univ., Genetics Unit, Dept. of Biology, Beytepe Campus [ tel 4-2352500/ 1396 - 1379 -
1543, 4- 2352341, FAX 4-2352341]

Bozcuk, AN., PhD Prof. Head of genetics, aging, genetics of longevity,
transposons

Unlii, H., PhD, Assoc. Prof, mutation and longevity

Turgut, G. Tech., stockkeeper

Ertiirk, N.H., MS PhD student, Res. and Teaching asst.

Emecen, G., MS PhD student, Res. and Teaching asst.

Ankara, University of Ankara, Faculty of Medicine, Department of Anatomy
Saku, B.U.

United Kingdom (England, Scotland and Wales)

Brighton BN1 9QG, Univ. of Sussex, Sch. of Biological Sciences { tel 0273-606755 , FAX 0273-678433 ]

Clements, D., Ms Grad. student, developmental genetics

Collett, J.I., Dr, Lect. gene regulation, physiology & evolution

Davis, T., Dr Post-doc. researcher, gene expression

Jarman, M., Mr Grad. student, gene regulation, physiology & evolution
Nadarajah, L., Ms Grad. student, developmental genetics

Phillips, R.G., Dr Post-doc. researcher, developmental genetics

Russell, C., Ms Grad. student, developmental genetics

Whittle, J.R.S., Dr, Lect. developmental genetics

Cambridge CB2 3EH, Univ. of Cambridge, Genetics Dept., Downing St. [ tel 44-223-333982(fly lab), -333970
(lab), FAX 44-223-333992, E-mail mall@phx.cam.ac.uk]

Ashburner, M. (-333969 )
Carpenter, A.

Collier, C. Post-doc.
Green, C.

Gubb, D. Post-doc.
Heimbeck, G. Post-doc.
Johnson, G.

McKimmie, C.

Morley, T.
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Regan, J.
Roote, J.
Russell, S.
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stockkeeper
Post-doc.

Cambridge CB2 3EJ, Univ. of Cambridge, Dept. Zoology, [ tel 0223-336620, FAX 0223-336676]

Skaer, H., Dr.
Johnson, K., Mr.

Arias, A. M.
Drysdale, R.
Bishop, S.

Senior Assoc. in research
cell interactions in epithelial development, regulation of
cell division, embryogenesis of malpighian tubules

Cambridge CB2 1QR, Wellcome/CRC Institute, Tennis Court Road.

Akam, M., Dr

Dundee, Scotland DD1 4HN, Univ. of Dundee, Med. Sci. Inst., Dept. Biochem.

Flavell, A.J.
Sneddon, A.

Edinburgh, Scotland EH9 3JR, Edinburgh Univ., Institute of Cell & Molecular Biology, Mayfield Road [ tel 031-

650-5369]
Bownes, M., PhD, Reader

Finnegan, D.J., PhD, Reader

Rothwell, K.
Clinton, J., PhD
Slee, R., PhD
Forbes, 8., BSc

ovary specific gene expression, sex determination and
the regulation of yolk protein gene expression

genome organisation, hybrid dysgenesis, transposable
elements

stockkeeper

Res. Fellow, ovary specific genes

Res. Fellow, ovary specific genes

transposable elements

Edinburgh, Scotland EH9 3JT, Edinburgh Univ., Institute of Cell, Animal and Population Biology, Zoology
Bldg. W. Mains Rd. [ tel 031-667-1081, direct line 031-667-1081, FAX 031-667-3210, E-Mail

"Ipartridge@uk.ac.edinburgh" ]
Partridge, L., PhD, Reader
Leigh-Brown, A.J., PhD

Fowler, K., PhD
French, V.K., PhD, Lect.

evolutionary genetics and genes for body size

transposable elements, linkage disequilibrium and genes
for body size

Res. Fellow, genetics of fitness

genetics and development of body size

Glasgow, Scotland GI1 5JS, University of Glasgow, Dept. of Genetics, Church Street.[ tel (041)-339-8855, FAX
(041)-330-5994, E-Mail GBGA06@UK.AC.GLASGOW.VMS ]

Kaiser, K., Dr

Leeds L.S2 9IT, Univ. of Leeds, Dept. Pure and Applied Biology, Drosophila Population Biology Unit [ tel 0532

332842, FAX 0532 332909 ]
Berthier, E., DeugB

Bingley, M., BSc

Coates, D., Dr

Davis, A., Dr

Dooher, K., BSc

Dytham, C., Dr

Jenkinson, L., MIAT .
Klarenberg, A., Dr (visitor)

Lang, A. (visitor)

PCR technology, molecular biology of transgenic
drosphilids

priority effects in fungal drosophilids (D. subobscura and
D. phalerata)

molecular biology of transgenic drosophilids,
transmission of nucleic acid via parasitoids

oviposition behaviour in drosophilids, drosophilid
parasitoid biology

invasion of GMO's and exotics, microcosm population
biology :

dynamics of patchy environments, invasion of GMO's
and exotics, cellular automaton models

biology of fungal/decaying vegetation species,
microcosm population biology, laboratory culture

ecology of transgenic drosophilids, sensory physiology
of drosophilids

molecular biology & ecology of transgenic drosophilids,
biology of spiders
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McNamee, S., BSc coevolution between competing species (D.
melanogaster, D. simulans and D. virilis)

O'Brien, L., Dr molecular biology of transgenic drosophilids, PCR
technology, P-elements in D. melanogaster

Peng T., xu Dr (visitor) taxonomy and comparative biology of fungal and
decaying herbage species

Porter, A., BSc marginal and central populations of D. subobscura,
enzyme polymorphism

Shorrocks, B., PhD competition and community structure, dynamics of

patchy environments, invasion of GMO's and
exotics, soft selection

Visser, M., Dr (visitor) optimal foraging and behaviour of parasitoids
(Leptopilina hetertoma and Pachycrepoides
vindemiae)

London SW7 2AZ, Imperial College of Science, Technology and Medicine, Dept. of Biochemistry
O'Hare, K., Dr
Dalby, B.

Oxford OX1 3PS, IGRF, Developmental Biology Unit, Zoology Dept., South Parus Road
Ish-Horowicz, D., Dr

Newcastle Upon Tyne NE2 4HH, Univ. of Newcastle, Med. Schl., Dept. Bioch. and Genetics

Jowett, T., Dr
St. Andrews, Scotland KY16 9TS, Univ. of St. Andrews, School of Biological and Medical Sciences., Bute
Bldg., Fife
Milner, M.J.,, PhD, Lect. tissue culture of imaginal discs
Tucker, J.B., PhD, Prof. microtubule assembly during tissue morphogenesis

Sheffield S10 2UH, Univ. of Sheffield, Depts. of Molecular Biology and Biotechnology [ tel 0742-768555,
FAX 0742-728697 }

Burnet, B., PhD behaviour genetics
Kibart, M., BSc Tech. Asst., stockkeeper

Sheffield S10 2TN, Univ. of Sheffield, Depts. of Psychology [ tel 0742-768555, FAX 0742-7766515 }
Connolly, K.J., Prof. behaviour genetics

York SYO1 5DD, Univ. of York, Biology Dept., Heslington [ tel 0904-432826, FAX 0904-432860 ]
Sparrow, J.C., DPhil Senior Lecture, muscle and flight genetics
White, D.C.S., DPhil Reader, insect muscle biomechanics

United States of America

Ames, Jowa 50011, Iowa State Univ., Zoology/Genetics Dept., 339 Sci. II
Jeon, S.-H.
Johansen, K.
Ambroiso, L., Dr

Ames, Jowa 50011, Iowa State Univ., 3152 Molecular Biology Bldg.
Girton, J.R., Assoc. Prof.

Ambherst, Massachusetts 01003, Univ. of Massachusetts at Amherst, Zoology Dept., 348 Morrill Science Center
Falk, R.

Ann Arbor, Michigan 48109, University of Michigan, Natural Science, 830 N. University.
Bodmer, R.

Ann Arbor, Michigan 48109, University of Michigan, 4008 Biol. Chem
Nichols, R.
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Ann Arbor, Michigan 48109, University of Michigan, Drosophila Research Facility, 3046 Natural Science Bldg
Otteson, D.C.

Atlanta, Georgia 30322, Emory Univ., Biology Dept. [ tel 404-329-6292 , FAX 404-727-2880 ]

Ellis, H.M., PhD, Asst. Prof. (-8011) neural development

Yedvobnick, B., PhD, Assoc. Prof. (-4203) neurogenesis

Finnerty, V.M., PhD, Assoc. Prof. (-4201) gene expression

Kamdar, K.P., BS (-4201) Grad. student, gene expression

Michael, C.P., BS (-4201) Res. Specialist, gene expression

Primus, J.P., PhD (-4201) Post-doc. Fellow, gene expression

Reiss, J.A,, BS (-4201) Grad. student, gene expression

Lucchesi, J.C., PhD, Prof. (-4946) sex determ. and dosage comp.

Eisen, A., PhD (-4946) Res. Assoc, sex determ. and dosage comp.
Fehr, K., BS (-4946) Res. Tech., sex determ. and dosage comp.
Hilfiker, A., PhD (-4946) Post-doc. Fellow, sex determ. and dosage comp.
Hilfiker, D. (-4946) visiting Grad. student, sex determ. in Musca
MacDowell, K., PhD (-4946) Res. Assoc, sex determ. and dosage comp.
Pannuti, A., PhD (-4946) Res. Assoc., sex determ. and dosage comp.
Yang, Y., MS (-4946) Res. Assoc, sex determ. and dosage comp.
Zhou, S., MS (-4946) Grad. student, sex determ. and dosage comp.

Arlington, Texas 76019, University of Texas, Arlington, Dept. Biology, Box 19498
McCrady, W.

Athens, Georgia 30602, University of Georgia, Dept. of Genetics
Anderson, W.W.

Athens, Georgia 30602, University of Georgia, Dept. of Biochemistry, Boyd GSRC
Glover, C.V., PhD

Athens, Ohig 45701, Ohio University, Dept. of Zoology and Biomedical Science.
Costello, W.J.

Austin, Texas 78712, University of Texas, Zoology Dept.
Maguire, M. ,
Dyby, S.
Kalthoff, K.
Becker, M.N.

Baltimore, Maryland 21210, Carnegie Inst. of Washington, Dept. Embry., HHMI Res. Lab. 115 W. Univ.
Pkwy.
Spradling, A.C.

Baltimore, Maryland 21210, Carnegie Inst. of Washington, 115 W. Univ. Pkwy.
Gall, J.G.

Baltimore, Maryland 21218-2685, Johns Hopkins Univ., Biology Dept., 34th and Charles St.
Shearn, A., PhD developmental genetics, imaginal discs
Corces, V.G.
Lankenau, Dr
Gerasimova, T.1.

Baltimore, Maryland 21205, Johns Hopkins Univ., Dept. of Biological Chemistry, 725 N. Wolfe St.
Montell, D., Dr.

Baltimore, Maryland 21205, Johns Hopkins Univ., Dept. of Mol. Biology/Genetics, PCTB 715, 725 N. Wolfe
St. [ FAX 410-955-4129 ]
Parks, S., PhD
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Baltimore, Maryland 21205, Johns Hopkins School of Med., Dept. Cell Biology and Anatomy, 725 N. Wolfe
St.
Tomkiel, J.E.
Heck, M.

Baltimore, Maryland 21205, Johns Hopkins School of Med., 725 N. Wolfe St., 714 PCTB
Beachy, P., Dr

Baltimore, Maryland 21206, 6131 Twilight Ct.

Peterson, K.

Baton Rouge, Louisiana 70803, Louisiana St. University, Dept. Zoology and Physiology
Lee, W.

Berkeley, California 94720, Univ. of California at Berkely, Dept. Mol./Cell Biology, Life Science Addition

Alonso, L.AG. Rm. 519 (Goodman Lab.)
Anderson, K. Rm. 551
Bayer, C. Rm. 585
Rubin, G.M,, Dr Rm. 539

Berkeley, California 94720, Univ. of California at Berkely, Dept. Entomology & Parsit., 201 Wellman Hall
Hoy, M.
Oh, E.

Berkeley, California 94709-1328, 1790 Arch St.
Strickberger, M.W., Dr

Berkeley, California 94708, 723 Woodhaven Rd
Yund, M.

Bethesda, Maryland 20892, Natl. Inst. of Health, Public Health Service, Bldg. 6B, Rm 3B-331 [ tel 301-496-
8399, FAX 301-496-0243 ]

Kennison, J., Senior Staff developmental genetics
Felsenfeld, A. Post-doc. Fellow
Pattatucci, A. Post-doc. Fellow
Brizuela, B. Grad. student

Bethesda, Maryland 20892, Natl. Inst. of Health, Public Health Service, LMG, NICHD, Bldg. 6B, Rm 3B-331

Haynes, S.R.
Bethesda, Maryland 20892, Natl. Inst. of Health, Bldg. 36, 9000 Rockville Pike
Odenwald, W. Rm. 4D-20
Nirenberg, M., Dr Rm. 1C-06
Nash, H., Dr Rm. 1B-08

Bethesda, Maryland 20892, Natl. Inst. of Health, NCI Bldg. 37, RM 4A21, 9000 Rockville Pike
Paterson, B.M., Dr

Bethesda, Maryland 20892, National Eye Institute, Bldg 36 Rm. 3D02 [ tel 301-496-1825, FAX 301-402-5051,
E-Mail Fsteele@helix.nih.gov
Steele, F. neuronal signal transduction

Bethesda, Maryland 20817, 9526 Ewing Dr.
Wy, C.

Big Rapids, Michigan 49307, Ferris State University, Dept. Biological Sciences
Murnik, M., Dr
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Blacksburg, Virginia 24061, Virginia Polytechnic Inst. & State Univ., Biology Dept. [ tel 703-231-5469 ]
Wallace, B., Prof. population genetics

Bloomington, Indiana 47405, Indiana Univ., Dept. of Biology [ tel 812-855-4441, FAX 812-855-6705, E-Mail

WSAXTON@UCS.INDIANA.EDU]
Saxton,W.M. Fac. Genetics, cellular biology, mechanisms of motility
Sheehan, K.B. Res. Assoc.
Walcott, J. Res. Tech.

Bloomington, Indiana 47405, Indiana Univ., Dept. of Biology, Jordan Hall [ tel 812-855-5782, FAX 812-855-
2577, MATTHEWK@IUBACS.BITNET, E-Mail MATTHEWK@UCS.INDIANA.EDU ]
Cherbas, P.
Matthews, K.
Muskavitch, M.A.T.
Raff, E.C.
Kaufman, T.C.

Boulder, Colorado 80309-0347, University of Colorado, MCD Biology, Campus Box 347
Heilig, I.S.
Abbott, L.A., Dr
Boswell, R.E.

Boston, Massachusetts 02114, MGH, Ped. Surg. Res. Lab., Warren 1133, 32 Fruit St.
Perkins, L.A.

Boston, Massachusetts 02115, Harvard Medical School, Dept. Neurobiology, 220 Longwood Ave.
Feany, M.B.

Boston, Massachusetts 02115, Harvard Medical School, Dept. Anatomy & Cell. Biology, 220 Longwood Ave.
Wu, C-T.

Boston, Massachusetts 02115, Howard Hughes Med. Institute, Brigham and Women's Hospital, 20 Shattuck St.
[ tel 617-732-7411 (O) -5208 (L), FAX 732-6088, E-Mail michelson@rascal.med.harvard.edu ]
Michelson, A.M.

Boston, Massachusetts 02115, Harvard Medical School, Dept. Genetics, 25 Shaltvek St.
Finkelstein, R.
Perrimon, N.

Boston, Massachusetts 02115, Harvard Medical School, Dana Farber Cancer Inst., Rm JF209, 44 Binney St.
Dearolf, C.R., PhD

Bowling, Green, Ohio 43403, Bowling Green State Univ., Biological Sciences [ tel 419-372-8550 ]
Gromko, M., Prof. (-0206) behavior genetics, population genetics
Oster, P. (-2631, FAX 1-419-372-2024,
E-Mail DMELANO@BGSUOPIE) Curator of Mid-
America Drosophila Stock Center

Underwood, E., Assoc. Prof. (-8564) developmental genetics

Woodruff, R.C., Prof. (-8565, E-Mail WOODRUFFR@BGSUOPIE) Director of
Mid-America Drosophila Stock Center,
mutagenesis, genetics of mobile DNA elements,
developmental genetics

Yoon, J.S., Prof. (-2742/-2096) Director of National Drosophila Species
Resource Center, cytogenetics, evolution
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Yoon, K. Curator of National Drosophila Species Resource Center

Bridgewater, Massachusetts 02325, Bridgewater State College, Biological Sciences [ tel 617-697-1200 ]
Muckenthaler, F.A., PhD., Prof. oogenesis & development

Bronx, New York 110461, Albert Einstein College of Med., Molecular Genetics, 1300 Morris Park Ave.
Baker, N.
Hawley, R.S.
Rasooly, R. S.

Buffalo, New York 14260, State Univ. of N. Y.at Buffalo, Dept. of Biochem. Pharm., H-326 Hochstetter Hall
Chopra, M.

Buffalo, New York 14260-1300, State Univ. of New York at Buffalo, Dept. of Biological Sciences, Cooke Hall [
tel 716-645-3122, FAX 716-645-2975, E-Mail CAMRDS@UBUMS.BITNET ]
Shortridge, R.D., Dr
McKay, R.R. Grad. Student, signal transduction; phospholipasec
Smith, I.F. Grad. Student, signal transduction; phospholipasec

Buffalo, New York 14260, State Univ. of New York at Buffalo, Dept. of Biochemical Pharmacology, 313
Hochstetter Hall- North Campus [tel. 716-636-xxxx, FAX 716-636-3850, E-Mail

CAMLHALL@ubvms.00.bitnet ]

Hall, L.M., PhD, Prof. & Chair (-2834) neurogenetics of ion channels and
neurotransmitter receptors

Eberl, D., PhD (-3926) Post-doc. Fellow, Curator of stocks,
neurogenetics

Pursey, J., MS, Res. Assoc. (-3926) molecular biology

Zheng, W., PhD (-3926) Post-doc. Fellow, molecular pharmacology of
calcium channels

Singh, S., PhD, Asst. Prof. (-3870) electrophysiology of ion channels

Burlington, Vermont 05405, Univ. of Vermont, Zoology Dept. [ tel 802-656-0458]
Wilson, T.G., Assoc. Prof. juvenile hormone in flies

Cambridge, Massachussetts 02138, Harvard Univ., Biological Labs, 16 Divinity Avenue
Gelbart, W.M.,, PhD, Prof.
Goldstein, L., PhD, Asst. Prof.
Newfeld, S.J. PhD

Cambridge, Massachussetts 02138, Harvard Univ., Dept. of OEB, 16 Divinity Avenue
Hartl, D.L.
Lohe, A.

Cambridge, Massachussetts 02138, Harvard Univ., Dept. Biochem. and Molecular Biology, 7 Divinity Ave.
Abel, T.

Cambridge, Massachussetts 02138, Harvard Univ., Dept. Cell. and Develop. Biology, 16 Divinity Ave.
Sekelsky, J.J.

Cambridge, Massachusetts 02138, Harvard Univ., Museum of Comparative Zoology [ tel 617-495-2419/1954,
E-Mail dick@mcz.harvard.edu ]

Benson, A. chorion proteins of Drosophila

King, L. population genetics of esterases

Lewontin, R. theoretical & experimental population genetics
Nitasaka, E. evolution of morphogenetic control

Wells, R.S. evolution of enzyme sequences
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Cambridge, Massachussetts 02138, M.L.T., Brain and Cognitive Sci., E25-RM. 438, 77 Mass Ave.
Compos, A.

Cambridge, Massachussetts 02139, M.LT., Dept. of Biology, Rm 16-719
Ayme-Southgate, A.

Cambridge, Massachussetts 02139, M.L.T., Center for Cancer Research, Bldg. E-17, 40 Ames Street
Zusman, S., Dr

Cambridge, Massachussetts 02142, Whitehead Institute, 9 Cambridge Center
Curtis, D.
Ormr-Weaver, T.L., PhD
Lemann, R.

Carbondale, Illinois 62901, Southern Illinois Univ., Zoology Dept. [ tel 618-536-2314 ]
Englert, D.C., PhD, Prof. population genetics

Cedar Falls, Jowa 50614, Univ. of Northern Iowa, Biology Dept.
Seager, R.D.

Champaign, Illinois 61820, Univ. of Mlinois at Urbana-Champaign, Psychology Dept. [ tel 217-333-0373,
FAX 217-244-5876, E-Mail jhirsch@s.psych.uiuc.edu]

Hirsch, J., PhD, Prof. Prof. of Psychology & Ecology and of Ethology &
Evolution; behavior, genetic analysis

Lofdahl, K.L., PhD Post-doc. Fellow, evolution, genetics, courtship,
conditioning

Stoltenberg, S.F. Grad. student, courtship, geotaxis, biochemical analysis

Terry, M. G. Grad. student, on extended leave from Univ. Chicago

Biopsychology, visiting through Committee on
Institutional Coop., operant and classical
conditioning, formal analysis, psychophysical
analysis

Chapel Hill, North Carolina 27599-3280, Univ. of North Carolina, Curriculum in Genetics and Dept. of
Biology, CB# 3280 Coker Hall [ tel 919-962-1343 ]
Maroni, G.P., PhD, Assoc. Prof. control of gene expression, metal-binding proteins

Charlestown, Massachusetts 02129, Cutaneous Biology Research Center, MGH-East, Bldg. 149, 13th st.
Raftery, L. A.

Charlottesville, Virginia 22901, Univ. of Virginia, Biology Dept. [ tel 804-982-5474, FAX 804-982-5626 or
804-982-5072, E-Mail —@virginia.edu ]

Adler, P.N., PhD, Prof. (-5475) (pna), genetic & molecular control of cell
polarity, pattern formation & morphogenesis

Cronmiller, C.R., Asst. Prof. (-5484) (crc2s) genetics of the regulation of sex
determination and development

Hirsh, J., Prof. (-5608) (jh6u), development and function of
neurotransmitter synthesizing neurons

Wright, T.R.F., PhD, Prof. (-5805) (trw3j), functional organization and evolution of
clustered genes involved in catecholamine
metabolism

Homyk, Jr., T.

Charlottesville, Virginia 22908, Univ. of Virginia, Dept. of Microbiology, Box 441
Cass, C.
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Charlottesville, Virginia 22903, Univ. of Virginia, School of Medicine, Microbiology Dept. [ tel 804-924-

5611 ]
Beyer, A.L., Assoc. Prof. ultrastructural analysis of RNA processing, function of
hnRNP proteins
Osheim, Y., Senior Res. Sci. ultrastructural analysis of RNA processing and DNA
replication

Chestnut Hill, Massachusetts 02167, Boston College, Biology Dept. [ tel 617-552- xxxx ]

Petri, WH., PhD, Assoc. Prof. (-3540) Chairman, eggshell development.
Peterson, J. (-3661) Grad. student
Hosford, J. (-3661) Grad. student
Orvieto, L. (-3661) Grad. student
Richardson, E. (-3661) Grad. student

Chicago, Illinois 60612, Univ. Illinois College of Medicine, Dept. Biochemistry M/C 536, 1853 W. Polk St. |
tel 312-996-6650, FAX 312-413-0364]

Storti, R.V. Drosophila molecular genetics

Lorxd, P. Post-doc., Drosophila molecular genetics
Wohwill, A. Post-doc., Drosophila molecular genetics
Grenke, L. Post-doc., Drosophila molecular genetics
Hales, K. Post-doc., Drosophila molecular genetics
Lessard, R. Grad. student, Drosophila molecular genetics
Meredith, J. Grad. student, Drosophila molecular genetics

Chicago, Illinois 60612, Univ. of Illinois at Chicago, College of Med., Dept. of Biochem., 1853 W. Polk St.,
M/C 536 [ tel 312-996-5112, FAX 312-413-0364, E-Mail 56068@UICVM
Hoshizaki, D. Drosophila molecular genetics; fat cell development

Chicago, Illinois 60637, University of Chicago, Dept. Ecology and Evolution, 1103 E. 57th St. [ tel 312-702-
1106, FAX 312-702-9740, E-Mail mnoo@midway.uchicago.edu ]
Noor, M. Grad. student
Houle, D.

Chicago, Illinois 60637, University of Chicago, BioPsyc., 5848 S. University Ave.
Struse, H.

Chicago, Illinois 60615, University of Chicago, HHMI N339 MC1028, 5841 S. Maryland
Welte, M.

Chicago, Illinois 60626, Loyola University, Dept. of Biology, 6525 N. Sheridan Rd.
Boussy, I.A., Dr

Chicago, Illinois 60605, Roosevelt Univ., Biology Dept., 430 S. Michigan Ave. [ tel 312-341-3678 ]
Thompson, V., PhD, Assoc. Prof. evolutionary genetics

Chicago, Illinois 60637, Univ. of Chicago, Ecology and Evolution, 1101 E. 57th St.; Molecular Genetics and
Cell Biology, 920 E. 58th St.; Organismal Biology and Anatomy, 1025 E. 57th St. [ tel 312-702-

XXXX ]
Cabot, E., PhD E &E (-3234) Post-doc.,molecular evolution
Charlesworth, B., PhD, Prof. E & E (-8942) transposable elements, aging, evolution
Coyne, J., PhD, Prof. E & E (-1105) speciation genetics
Dickinson, M., PhD, Asst. Prof. OB & A (-3713) neurology, flight behavior
Feder, J., PhD, Res. Assoc. MGCB (-8048) heat shock
Hollocher, H., PhD E & E (-3234) Post-doc., population and evolutionary

genetics

Kreitman, M., PhD, Assoc. Prof. E & E (-1222) molecular population genetics, evolution
Lindquist, S., PhD, Asst. Prof. MGCB (-8049) heat shock

Mahowald, A.P., PhD, Prof. MGCB (-2184) oogenesis
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Spofford, J.B., PhD, Assoc. Prof. (-8941) position effect, duplications

Swift, H., PhD, Prof. Emeritus MGCB (-8041) cytogenetics, molecular genetics

Wu, C.L, PhD, Assoc. Prof. E & E (-2565) segregation distortion, speciation
genetics

Chicago, Illinois 60680, Univ. of Illinois, Biological Sciences [ tel 312-996- xxxx ]
Cummings, M.R., PhD, Assoc. Prof. (-2259) developmental genetics
Spiess, E.B., PhD, Prof., Retired (-2576) population and behavioral genetics (no longer
keeping stocks)

Chicago, Jllinois 60637, 6019 S. Ingleside Ave., APT. #204.
Wright, D.

Cincinnati, Ohio 45267-0524, Univ. of Cincinnati College of Medicine, Dept. of Mol. Genetics, 231 Bethesda
Avenue [tel 513-588-5532, FAX 513-558-8474, E-Mail CARTWRIL@UCBEH.SAN.UC.EDU]

Cartwright, 1. L. PI ecdysone regulation, chromatin structure

Jupe, E.R. Post-doc., chromosome domain structure and
supercoiling

Rogulski, K.R. Grad. student, ecdysone regulation of small HSP genes

Noél, P. J. Grad. student, developmental gene regulation

Claremont, California 91711, Pomona College, Dept. of Biology, 609 N. College Ave.
Strecker, T.R.

Cleveland, Ohio 44106, Case Western Reserve Univ., Dept. Mol. Biology and Microbiol., 2109 Adelbent Rd.
Bazinet, C.

Cleveland, Ohjo 44106-4955, Case Western Reserve Univ., School of Medicine, Dept. of Genetics, 10900
Euclid Ave. [ tel 216 368-2791, FAX 216-368-3432, E-Mail INTERNET:mxj3@po.cwru.edu ]
Jacobs-Lorena, M.

Cold Spring Harbor, New York 11724, Cold Spring Harbor Laboratory, Beckman Neuroscience Center
Tulley, T.

Cold Spring Harbor, New York 11724, Cold Spring Harbor Laboratory, Bungtown Road
David, R.

Cold Spring Harbor, New York 11724, Cold Spring Harbor Laboratory, P.O. Box 100 [ tel 516-367-8885/8886,
FAX 516-367-8880, Internet, jonesc@cshl.org ]

Jones, C.J.
College Park, Maryland 20742, Univ. of Maryland, Zoology Dept. [ tel 301-405- xxxx, FAX 301-314-9566]
Imberski, R.B., PhD (-6929) developmental genetics
Stephan, W., PhD (-6912) population genetics
Tanda, S., PhD. (-6926) transposable elements

Columbia, Missouri 65211, Univ. of Missouri, 117 Tucker Hall
Birchler, J.A.

Columbia, Missouri 65211, Univ. of Missouri, Div. of Biological Sciences, Lefevre Hall [ tel 314-882-7473,
FAX 314-882-0123, E-Mail BIOSBS@UMCVMB]

Rodriguez, D. Grad. Fellow, cell, developmental and molecular biology
of vision

Sun, D. Grad. student, molecular biology of vision and opsin

Harrelson, A., Dr. (-1068) 201 Tucker Hall

Lim, C.-S. Grad student, gene expression in S2 cells

Columbus, Ohio 43210, Ohio State University, Dept. Molecular Genetics, 484 W. 12th Ave.
Simcox, A.A.
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Dallas, Texas 75235-9038, Univ. of Texas Southwestern Med. Ctr., Dept. of Biochem., 5323 Harry Hines Blvd
[ tel 214-689-5012, FAX 214-688-8856, E-Mail KATZ@UTSW]

Buckles, G. Genetics tech., visual system development

Katz, F. visual system development

Singh, G. Molecular biology tech., visual system development
Villano, J. MSTP student, visual system development

Zhou, Y.-T. Post-doc. Fellow, visual system development

Dallas, Texas 75235-9038, Univ. of Texas Southwestern Med. Center, 5323 Harry Hines Blvd.
McKearin, D.

Dallas, Texas 75235-9038, Univ. of Texas Southwestern, Biochem. Dept., 5323 Harry Hines Blvd.
Wasserman, S.A.

Dallas, Texas 75275, Southern Methodist University, Dept. Biology, 220 Foudreu Sci. Bldg.
Sliter, T.J., PhD

Davis, California 95616, Univ. of California, Genetics Dept. [ tel 916-752-8861, FAX 916-752-1185]

Boyd, J.B. Prof.

Horris, P.MV. Staff Res. Assoc.
Purohit, S. Asst. Res.
Bonga, S.S. Asst. Res.
Rosenstein, A. W, Asst.

Davis, California 95616, Univ. of California, Genetics Dept.
Harshman, L.
Irick, H.
Prout, T.
Burtis, K.
Stevens, M.E.
Turelli, M

Davis, California 95616, Univ. of California, Ctr. Population Biology
Orr, H. A.

Davis, California 95616, Univ. of California, Animal Sci., 2245 Meyer Hall
Sakul, H., Dr

Davidson, North Carolina 28036, PO Box 1692
Williamson, J.H., Dr

Dayton, Ohio 45435, Wright State Univ., Biological Sciences [ tel 513-873-2106 ]

Seiger, M.B., PhD, Prof. genetics of behavior
Decorah, Jowa 52101, Luther College, Biology Dept. [ tel 319-387-1549, FAX 319-387-1020, E-Mail
KrausKe@Luther.uni.edu ]
Kraus, K., Asst. Prof. regulation of gene expression- accessory gland genes,

heat shock genes

Dekalb, Illinois 60115, Northern Illinois Univ., Dept. Biol. Sci.
Bennett, J.

Denver, Colorado 80208, Univ. of Denver, Biological Sciences Dept. [ tel 303-871-3475, FAX 303-871-3471,
E-Mail FOGLEMAN@DUCARR ]
Fogleman, J., PhD, Assoc. Prof. ecological genetics, desert Drosophila insect
cytochrome P-450

Denver, Colorado 80217, Univ. of Colorado, Dept. Biology, Campus Box 171, PO Box 173364
Dixon, L.
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Denver, Colorado 80262, Univ. of Colorado, Health Sciences Center, B111, 4200 E. 9th Ave.
Hooper, 1.

Des Moines, Jowa 503114505, Drake Univ., Biology Dept., 2507 Univ. Ave. [ tel 515-271-3765 ]
Myszewski, ME., PhD, Prof.

Detroit, Michigan 48202, Wayne State Univ., Dept. Biological Sci. [ tel 313-577-2873, FAX 313-577-6891 ]

Arking, R., PhD, Assoc. Prof. (-2891 office, -2850 lab.) genetics of aging,
developmental genetics

Buck, S. (-2850) Grad. student

Dudas, S.P. (-2850) Grad. student

Nicholson, M. (-2850) Grad. student

Force, A. (-2850) Grad. student

Smith, P. D.

Detroit, Michigan 48202, Wayne State Univ., Dept. of Chemistry, 425 Chem.
Dusenbery, R.

Duarte, California 91010, Beckman Research Inst., Division of Neurosciences, 1450 E. Duarte Rd.
Salvaterra, P., PhD neurochemistry

Duarte, California 91010, Beckman Research Inst., City of Hope, Biology Division, 1450 E. Duarte Rd.
Williamson, R.

Duarte, California 91010, Beckman Research Inst., City of Hope, Dept. Molecular Genetics, 1450 E. Duarte Rd.
Hayashi, 1.

Durham, North Carolina 27710, Duke Univ. Sch. of Med. Depts: Biochem. (B); Cell Biology (C); Microbiology
M) [ tel 919-684-xxxx ]

Counce, S.J., PhD, Prof. (-2018; FAX -3687) (C) developmental genetics

Endow, S.A., PhD, Prof. (-4311) (M) meiotic/mitotic chromosome distribution

Greenleaf, A.L., PhD, Prof. (-4030) (B) transcriptional regulation, RN A-polymerase
genetics, CTD fuction

Hsieh, T., PhD., Assoc. Prof. (-6501) (B) chromosome structure & function, molecular
genetics DNA topoisomerases I & 11

Kiehart, D., PhD, Assoc. Prof. (-8095; FAX -8592) (C) developmental genetics;

contractility & cytoskeleton in morphogenesis

Durham, North Carolina 27710, Duke Univ. Sch. of Medicine, Dept. Microbiology & Immunology
Komma, D.

Durham, North Carolina 27706, Duke Univ., Dept. Zoology [ tel 919-684-xxxx, FAX 919-684-6168 }
Fehon, R., PhD, Asst. Prof (-2507) molecular and cellular biology of development
Laurie, C., PhD, Prof. (-2396 Voice) population genetics, molecular evolution

East Lansing, Michigan 48824-1115, Michigan State Univ., Zoology Dept., Natural Sci. Bldg. [ tel 517-xxx-
xxx, FAX 517-336-2789 ]

Band, H.T. (353-5478) population genetics, ecological genetics,
history of science, genus Chymomyza

Davis, R.L. (353-4503) molecular genetics

Friedman, T.B. (355-5059) developmental genetics, molecular biology

Kaguni, L. (355-1600) molecular biology

Robbins, L.G. (355-0337) chromosome mechanics, developmental

genetics
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Eau Claire, Wisconsin 54701, Univ. of Wisconsin-Eau Claire, Dept of Biology
Lim, JX.

Elmwood Park, New Jersey 07407, 9 Stone Ave
Whyte, W.

Eugene, Oregon 97403-1210, Univ. of Oregon, Biology Dept. [ tel 503-346-4495, FAX 503-346-4538, E-Mail
lheisler@oregon.voregon.edu)

Harris, R.J. evolutionary genetics, allometry, morphological
evolution

Heisler, L. population, quantitative and behavioral genetics, sexual
selection

Jeong, D.Y. genetics of mating behavior and mate choice

Postlethwait, J.H. developmental genetics

Yan, Y.-L. developmental genetics

Eugene, Oregon 97403, 1690 E. 26th Ave.

Novitski, E.
Evanston, Illinois 60208, Northwestern Univ., Biochemistry, Molecular Biology and Cell Biology Dept.,
Hogan Hall 5-130 [ tel 708-491-3652 ]
King, R.C., PhD, Prof. comparative oogenesis

Evanston, Illinojs 60208, Northwestern Univ., Biochem., Molecular and Cell Biology Dept., 2153 Sheridan
Rd.
Holmgren, R.

Fairfax, Virginia 22031, 9451 Lee Highway, Apt. 1209
Sherald, AF., Dr

Fayeiteville, Arkapsas 72701, Univ. of Arkansas, Dept. of Biological Sciences, SCEN 632, [ tel 501-575-3251

]
Clayton, F.E., PhD, Prof. Emeritus cytogenetics
Etges, W.J,, PhD, Asst. Prof. population genetics, ecological genetics, evolution

’ Fayetteville, North Carolina 28301, Fayeétteville State Univ, Biomedical Res., LS 206, 1200 Murchison Rd.
Waddle, FR., PhD regulatory mechanisms, meiotic drive
Monk, H. :
Williams, W,

Frederick, Maryland 21701, Natl. Cancer Inst. (C), Lab. of Viral Carcinogenesis, Section of Genetics, Bldg.
560, Room 21-105 [ tel 301-846-1296]
Nash, W.G., PhD genetics
O'Brien, S.J., PhD biochemical genetics

Gainesville, Florida , USDA-ARS, Insect Attractants, Behavior, and Basic Biology Research Lab., 1700 SW
23rd Drive [ tel 904-374-5793, FAX 904-374-5781, E-Mail Handlet@NERVM]

Handler, A.M., PhD, Res. Sci. hormonal regulation of gene expression; yolk proteins;
transposon mobility; gene vector development for
nondrosophilids

Gomez, S.P.,, PhD, Res. Assoc. transposon mobility; gene vector development for

nondrosophilids



DIS 72 (July 1993) Institutional Directory

Galesburg, Illinois 61401, Knox College, Biology Dept. [ tel 309-343-0112, FAX 309-343-8921, E-Mail
Geer@Knox.Bitnet ]
Geer, B.W., PhD, Prof. metabolism, reproduction, nutrition
Baumgardner, C., BA Res. Assoc.

Greensboro, North Carolina 27412, Univ. of North Carolina, Biology Dept., 312 Eberhardt Bldg.
McCrady, E.
Henrich, V.C.

Hamden, Conpecticut 06518, Quinnipiac College, Biology Dept., Mount Carmel Avenue, Box 61
Martinez, R.M., PhD, Prof., Chairman evolution, meiotic drive

Hanover, New Hampshire 03755, Dartmouth College, Dept. Biological Sciences
Berger, E., Dr

Hershey, Pennsylvania 17033, Pennsylvania State Univ., Dept. Biolog. Chem., The M.S. Hershey Med. Ctr.,
PO Box 850
Szauter, P.

Hidalgo, Texas 78557, 501 N. Bridge St., Suite 348
Hemandez, M.E.G.

Honolulu, Hawaii 96822, Univ. of Hawaii, Entomology (E), Genetics (G), Zoology (Z) [ tel 808-956-xxx ]

Carson, H.L., PhD, Prof. (-7662) (G) evolutionary genetics

De Couet, G., PhD, Asst. Prof. (4716) (Z) molecular genetics

Hayashi, L. (-7860) (G) Res. tech.

Haymer, D.S., Assoc. Prof. (-7661) (G) developmental genetics

Houtchens, K., MS (-7860) (G) molecular genetics

Hunt, J.A., PhD, Prof. (-7659) (G) molecular genetics

Kaneshiro, K.Y., PhD (-6739) (E) Researcher, biosystematics, behavior
Lyttle, T.W., PhD, Assoc. Prof. population genetics, cytogenetics

Teramoto, L., BA (-7860) (G) Res. tech.

Horsham, Pennsylvania 19044, The Center for Photobiology at Argus, Inc., 905 Sheehy Dr. [ tel 215-443-
8710, FAX 215-443-8587
Forbes, P.D., PhD

Houston, Texas 77030, Baylor College of Medicine, Inst. for Molecular Genetics, 1 Baylor Plaza
Bellen, H.
Botas, J.

Houston, Texas 77030, Baylor College of Medicine, Dept. Cell Biology & Hughes Med. Inst., 1 Baylor Plaza,
T734
Cohen, S.
Kuroda, M.
McGuffin, M.E,

Houston, Texas 77204-5513, University of Houston, Dept. of Biology
Jacobson, J.W.

Houston, Texas 77251, Rice University, Dept. of Biochemistry and Cell Biology, PO Box 1892
Beckingham, K.
Stern, M.
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Houston, Texas 77024, 239 Chimney Rock Rd.
Burdette, W.J., PhD, MD

Huntsville, Texas 77341, Sam Houston State Univ., Life Science Dept. [ tel 409-294-1538 ]
Dewees, A.A., PhD, Prof. evolutionary genetics

Jowa City, Iowa 52242, Univ. of Iowa, Biology Dept.
Cook, K.R.
Wuy, C.-F., PhD physiological genetics, behavior

Iowa City, Iowa 52242, Univ. of Jowa, Biochem. Dept.
Geyer, P.

lowa City, Jowa 52242, Univ. of Iowa, Dept. of Physiology and Biophysics, Bowen Science Bldg, 6-430
Johnson, W.A., Dr

Irvine, California 92717, University of California, Dept. of Ecology and Evolutionary Biology [ tel 714-856-
XXXX ]
Ayala, F.J,, Dr
Mueller, L.D., Assoc. Prof (-4744/ 5179) population genetics, evolutionary
ecology

Irvine, California 92717, University of California, Dept. Molecular Biology/ Biochemistry, Steinhaus Hall
O'Connor, M.

Irvine, California 92717, University of Califbrnia, Devel. Biol. Ctr.
Marsh, L.
Purcell, J.

Ithaca, New York 14853, Cornell Univ., Section of Genetics & Development, 407 Biotech. Bldg.
Maclntyre, R.J., Prof. biochemical & evolutionary genetics
Aquadro, C.F.

Ithaca, New York 14853, Cornell Univ., Section Neurobiology and Behavior, W245 Mudd Hall
Schneiderman, A.M. PhD
Edgecomb, R.S., PhD

Johnson City, Tennessee 37614, East Tennessee State Univ., Biological Sciences [ tel 615-929-4358 ]
Benner, D.B., Prof.

Johnstown, Pennsylvania 15904, Univ. of Pittsburgh at Johnstown, Div. of Natural Sciences [tel 814-269-
2900 )
Thompson, C., Assoc. Prof. (-2914)

Knoxville, Tennessee 37996, Univ. of Tennessee, Dept. of Zoology, F 235 Walters Life Sciences
McKee, B.

La Jolla, California 92093, Univ. of California at San Diego, Biology Dept.

Bier, E.

Colley, N., Dr

Hardy, R.W. spermatogenesis, Y chromosome

Lindsley, D.L. spermatogenesis & meiosis, genetic variations of D.
melanogaster

Posakony, J.

Rutherford, S.
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Zuker, C., Dr

La Jolla, Californja 92093, Univ. of California at San Diego, Howard Hughes Medical Inst.,, CMM 355
Kernan, M., Dr

Lawrenceville, New Jersey 08648, Rider College, Biology Dept., 2093 Lawrenceville Rd.
Carlson, J.H., Dr

Lewisburg, Pennsylvania 17837, Bucknell Univ., Biology Dept. [ tel 717-524-1124 ]
Tonzetich, J., PhD

Lewiston, Maine 04240, Bates College, Biology Dept. [ tel 207-786-6107]
Pelliccia, J., Assoc. Prof. biochemical genetics

Lexington, Kentucky 40506, Univ. of Kentucky, Sch. of Biological Sci. [ tel 606-257- xxxx, FAX 606-257-

1717]
Carpenter, J., Prof. Emeritus (-4711) ecological genetics
Jones, G., Prof. (-3795) development, hormones
Rawls, J., Prof. (-4647) gene structure, pyrimidines

Lincoln, Nebraska 68504, Nebraska Wesleyan Univ., Dept. Biology 50th & St. Paul Street
Duncan, G.

Little Rock, Arkansas 72205, Univ. Arkansas Med., Biochem./ Mol. Biology, Slot 516, 4301 W. Markham St.
Benes, H.

Los Angeles, California 90024, Univ. of California, Biology Dept. and Molecular Biology Inst.

Fessler, J., Prof. collagen & basement membrane
Lengyel, J., Prof. development

Merriam, J., Prof. chromosomes, development
Crews, S.

Godt, D.

Steingrimsson, E.

Los Angeles, California 90024, Univ. of California, HHMI, MRL 5-629, 675 Circle Dr.
Roth, H.

Los Angeles, California 90045, Loyola Marymont University, Biology Dept.
McElwain, C., Dr

Los Angeles. California 90089, Univ. of S. California, Molecular Biology Sec., SHS-172, MC-1340
Bell, L. collagen & basement membrane
Warrior, R. biology

Los Angeles, California 90089, Univ. of S. California, Dept. of Biological Sci., University Park
Moses, K.

Louisville, Kentucky 40292, Univ. Louisville Sch. Med, Dept. Biochemistry, Health Sci. Ctr.
Brennan, M.D., PhD

Lubbock, Texas 79409, Texas Tech Univ., Biology Dept. [ tel 806-742-2721, FAX 806-742-2963]
Held, L. L, jr.

Madison, Wisconsin 53706, Univ. of Wisconsin, Genetics Lab., 509 Genetics Bldg.
Ganetzky, B.S., PhD
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Madison, Wisconsin 53706, Univ. of Wisconsin, Zoology Dept, 250 N. Mills St.
Blair, S.

Madison, Wisconsin 53706, Univ. of Wisconsin, Genetics Dept., 445 Henry Mall
Kreber, R.A., MS
Laughon, A.
Temin, P., PhD
Engels, W.

Manhattan, Kansas 66506, Kansas State Univ., Div. of Biology, Ackert Hall
Abbott, M.

Maywood, Illinois 60153, Loyola Univ. Medical Center, Biochemistry Dept., 2160 S. First Ave.
Amero, S., Dr

Meadville, Pennsylvapia 16335, Allegheny College, Biology Dept. [ tel 814-332-2388, FAX 814-337-0988,
E-Mail GW@2@MUSIC.alleg.edu(BITNET)]
Waurst, G.G., Assoc. Prof. developmental genetics of imaginal disc defective
mutants of Drosophila

Miami, Florida 33199, F.1.U., Biology Dept.
Tracey, M.

Memphis, Tennessee 38163, University of Tennessee, Dept. Biochemistry, 300 Madison Ave.
Foster, J.L., PhD

Middletown, Connecticut 06459, Wesleyan University, Biology Dept.
Weir, M,, Dr

Middletown, Connecticut 06459, Wesleyan University, Molecular Biology and Biochem. Dept.
James, T.C

Morgantown, West Virginia 26506, West Virginia Univ., 311 Brooks Hall
Kotarski, M.A., Dr

Morehead, Kentucky 40351, Morehead State University, Dept. of Biology
Forsyth, T.R., Dr

Muncie, Indiana 47306, Ball State Univ., Center for Medical Education [ tel 317-285-1060, FAX 317-285-1059

1
Engstrom, L.E., PhD, Prof. developmental genetics

Nashville, Tennessee 37232, Vanderbilt University, Dept. of Pharmacology
Shieh, B.-H., Dr

Natchitoches, Louisiana 71497, NW State University of Louisiana, Dept. Life Sciences
Lin, J.C., Dr

New Haven, Connecticut 06536-0812, Yale Univ., Dept. Cell Biol., B.C.M.M., 295 Congress Ave., PO Box
9812
Diederich, R.J.

New Haven, Connecticut 06511, Yale Univ., Molecular Biophysics & Biochem., KBT 516, 260 Whitney Ave.
Biggen, M.
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New Haven, Connecticut 06511, Yale Univ., Molecular Biophysics & Biochem., KBT 538, 219 Prospect St.
Vezina, G.

New Haven, Connecticut 06510, Yale Medical School, Dept. of Genetics, 333 Cedar St.
Cooley, L.

New Haven, Connecticut 06510, Yale Univ. School of Medicine, Dept. of Epidemiology & Pub. Health, 60
College St., P.0.3333 [ tel 203-785-3285, FAX 203- 785-4782, E-Mail Scott-oneill@YALE.EDU]
O'Neill, S. PhD, Assoc. Res. Sci. cytoplasmic incompatibility

New Haven, Connecticut 06510, Yale Medical School, Dept. of Cell Biology
Hashimoto, C.

New Haven, Connecticut 06511, Yale Univ., Biology Dept, Kline Biology Tower, PO Box 6666
Ebert, P.
Harkins, B.
Kankel, D.R.

New Haven, Connecticut 06511, Yale Univ., Biology (B), Molecular Biophysics & Biochemistry (MB) [ tel
203-432-3850 (B); 203-436-4819 (MB) ]

Artavannis-Tsakonas, S., PhD, Prof. (B) developmental genetics, molecular biology

Garen, A., PhD, Prof. (MB) developmental genetics, molecular biology

Kankel, K., PhD, Assoc. Prof. (-1292) (B) developmental neurogenetics

Powell, J.R., PkD, Prof. (-3887) (B) population and evolutionary genetics

Soll, D., PhD, Prof. (-3611) (MB) molecular genetics, developmental
genetics

Wyman, R.J., PhD, Prof. (-2575) (B) neurophysiology, developmental genetics

New London, Connecticut 06320, Connecticut College, Dept. Zoology, Box 5406 [ FAX 203-439-2519, E-Mail
ptbar@conncoll.bitnet ]
Barnes, P.T.
Courreges, V.C.

New Wilmington, Pennsylvania 16172, Westminster College, Biology Dept. [ tel 412-946-7211 ]

McCarthy, P.C., PhD, Prof. molecular genetics
New York, New York 10031, City College of New York, Biology Dept., 137th & Convent Ave. [ tel 212-690-
XXXX ]
Levine, L., PhD., Prof. (-8417) behavioral & population genetics
Rockwell, R.F., PhD, Assoc. Prof. (-8417) population & behavioral genetics

Simmons, G., PhD
New York, New York 10029, Mt. Sinai School Med., Mol. Biol., Brookdale Ctr, Box 1128A, one Gustave L
Levy Pl
Pick, L., PhD

New York, New York 10029, Mt. Sinai Sch. of Med., City Univ. of New York, Anat. Dept. [ tel 212-241-7268 ]

Levitan, M., PhD, Prof. population genetics, chromosome breakage
New York, New York 10029, Mt. Sinai Sch. of Med., Brookdale Center for Mol. Biology, Box 1126

Frasch, M.

New York, New York 10021, 1275 York Ave., Box 73
Ballinger, D.
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New York, New York 10027, Barnard College, Dept. Biological Sciences, 3009 Broadway
Mohler, I.P.

New York, New York 10032, Columbia University, Biochemistry Dept., 630 W. 168th St.
Cohen, B.
Mann, R.S., PhD.

New York, New York 10027, Columbia University, Dept. of Biology, Fairchild Center
Crowley, T.
Mount, S.

New York, New York 10032, Columbia University, Ctr. Neurobiology & Behavior, 701 W. 168th St.
Tomlinson, A., Dr

New York, New York 10032, Howard Hughes Medical Institute, HH.S.C., Rm 1116, 701 W. 168th St.
Struhl, G., Dr

New York, New York 10021, Rockefeller University, Howard Hughes Medical Inst., Box 151, 1230 York Ave.
Desplan, C., PhD
Fasano, L., Dr

New York, New York 10021, Rockefeller University, 1230 York Ave.

Dinardo, S. Box 247
Young, M.W. #177
Lyman, D. #177

New York, New York 10021, Memorial Sloan-Kettering Cancer Ctr, 1275 York Avenue.
Jack, J.W.
Dorsett, D.

New York, New York 10003, New York Univ., Biology Dept., 10009 Main Bldg. [ tel 212-998-8271, FAX 212-

995-4015 ]

Bartido, S. Grad. student, association of microoranisms with
Hawaiian Drosophila

Cohen, J. Grad. student, evolution of vitellogenin genes in
hawaiiensis subgroup of Hawaiian Drosophila

Ho, K.-F. Grad. student, evolution of vitellogenin genes in the
genus Drosophila

Kambysellis, M.P., PhD, Prof. oogenesis, reproductive strategies, evolution of
vitellogenin proteins & proteins in Hawaiian
Drosophila

Parisi, M. Grad. student, evolution of vitellogenin gene expression
in Hawaiin Drosophila

Piano, F. Grad. student, pattern of evolutionary divergence in

Drosophila grimshawi island populations

New York, New York 11367, Queens College, CUNY, Biology Dept. [ tel 718-997-3400 ]

Chabora, P.C., PhD, Prof. Drosophila-parasitoid interactions
Koepfer, HR., PhD, Prof. behavioral genetics, speciation
Wasserman, M. repleta group evolution, cytogenetics

Newington, Connecticut 06111, VA Medical Center, Bldg. #5, 555 Willard Ave.
Clark, S.H.
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Norfolk, Virginia 23529, Old Dominion University, Dept. Biological Sciences
Osgood, C., Dr
Powell, B.
Wagner, J.

Norman, Oklahoma 73019, Univ. of Oklahoma, Zoology Dept. [ tel 405-325-4821, FAX 405-325-7560 ]

Braver, G., PhD, Prof. Emeritus behavior genetics of mating

Durica, D.S., PhD, Assoc. Prof. (E-MailDDURICA@AARDVARK.UCS.UOKNOR. EDU )
developmental genetics in Drosophila & Calliphora

Hellack, J.J., PhD, Prof. Adj. Prof., quantitative genetics and evolution; Prof
Biology, Univ. Central Okla., Edmond, Ok 73034

Huang, N. Grad. student

Jeung, M., MS Grad. student, quantitative genetics

Thompson, J.N., jr., PhD, Prof. & Chair (E-MailTHOMPSON@A ARDVARK.UCS.UOKNOR. EDU)
quantitative genetics of development, mutator
activity, hybrid dysgenesis, aging

Notre Dame, Indiana 46556, St. Mary's College, Cushwa-Leighton Library
Hollenhurst, B.

Notre Dame, Indiana 46556, Univ. Notre Dame, Biological Sci., 265 Galvin Life Sci.
Hyde, D.
Munstermann, L., Dr

Nutley, New Jersey 07110, Roche Inst. Molecular Biology, Dept. Neurosciences, 340 Kingsland St.
Greenspan, R. J.
Warrior, R.

Oklahoma City, Oklahoma 73190, Okla. Univ. Health Sci. Center, Biochem. & Molec. Biology, BMSB 938
Tobin, S., Assoc. Prof. molecular genetics

Omaha, Nebraska 68182-0040, Univ. Nebraska at Omaha, Dept. Biology, 60th & Dodge
Chase, B.

QﬂanimElgngLa 32816, Univ. of Central Florida, Dept. of Biological Sciences
Kuhn, D.T.
Packert, G.

Rasadena, California 91125, California Inst. of Tech., Div. of Biology, 156-29
Bonini, N.
Lipshitz, H.
Topol, J.
Benzer, S., Prof.

Pasadena, California 91125, California Inst. of Tech., Beckman Institute 139-74
Trevarrow, B.

Philadelphia, Pennsylvania 19104, Drexel University, Bioscience Dept., 3201 Chestnut St.
Martin, P.F. behavioral genetics

Philadelphia, Pennsylvania 19104, Univ. of Pennsylvania, Cell Center, 475 Clinical Research Bldg.
Bedian, V.

Philadelphia, Pennsylvania 19131-1395, St. Joseph's Univ, Dept., Biology [tel 215-660-1833]
McRobert, S.P. reproductive behavior of sympatric Drosophilids
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Racobaldo, N. undergrad., reproductive behavior of sympatric
Drosophilids

Conway, J. (-2473) undergrad. reproductive behavior of sympatric
Drosophilids, member

Tamangi, M. undergrad., reproductive behavior of sympatric
Drosophilids

Brothers, R. undergrad., reproductive behavior of sympatric
Drosophilids

Philadelphia, Pennsylvania 19104, University of Pennsylvania, Dept. Biology
Guild, G., PhD

Philadelphia, Pepnsylvania 19122, Temple Univ., Biol. Dept. [ tel 215-787- 1611, FAX 215-787-6646 (Dept.

FAX)]
Cohen, J. Grad. student, behavioral genetics
Warrick, J. Grad. student, behavioral genetics
Wilson, A. Grad. student, behavioral genetics
Wuttke, M. Grad. student, behavioral genetics
Tompkins, L., PhD, Assoc. Prof. Lab. Head, behavioral genetics

Philadelphia, Pennsylvania 19122, Temple Univ., Biology Dept., 12th and Norris St.
Hillman, R., PhD
Palter, K.
Bixler, A,

Philadelphia, Pennsylvania 19107, Thomas Jefferson Univ., Dept. Biochem., 102 Locust St.
Gordesky-Gold, B.
Christensen, A.C.

Philadelphia, Pennsylvania 19107, Thomas Jefferson Univ., Dept. of Microbiol., 1020 Locust Str., Rm 484. [
tel 215-955-4781, FAX 215-955-4783, E-Mail MIZROKHI@calvin.jci.tju.edu ]

Mizrokhi, L., Dr, Asst Prof trithorax gene and spineless-aristapedia gene
Sedrov, Y., Dr Post-doc., regulation of trithorax gene
Kuzin, B., Dr Post-doc., spineless-aristapedia gene

Piscataway, New Jersey 08855-0759, Rutgers Univ., Waksman Inst. [ tel 932-0092, FAX 908-932-5735] {E-
Mail RABINOW@BIOVAX.RUTGERS.EDU [E-Mail SAMSON@BIOVAX RUTGERS.EDU]]
Rabinow, L., PI gene expression, transcription, modifiers of transposon
induced alleles; genome organization

Farkas, R., Post-doc., gene expression, transcription, modifiers of
transposon induced alleles; genome organization
Yun, B. Grad. student, gene expression, transcription, modifiers
of transposon induced alleles; genome organization
Samson, M.-L., Research Assoc. neuronal differentiation

Piscataway, New Jersey 08855-0759, Rutgers Univ., Waksman Inst., PO Box 759 [ tel 908-932-0251, FAX
908-932-5735, E-Mail Pagett@MBCL.Rutgers.Edu ]
Padgett, RW., PhD

Bossie, C., PhD Post-doc. Fellow
Finelli, A. Grad. student

Xie, T. Grad. student
Sofer, W, PhD molecular genetics

Pittsburgh, Pennsylvania 15219, Duquesne University, Dept. of Biological Science, Mellow Hall
Doctor, J.
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Pittsburgh, Pennsylvania 15213, Carnegie-Mellon University, Dept. of Biological Sciences, 4400 Fifth Ave.
Lépez, AJ.

Pomonpa, Califorpia 91768-4032, California Polytech. Univ., Biological Sci. Dept.
Bryant, S.H.

Portland, Oregon 97201, Oregon HLTH Sci. Univ., Vollum Inst. Adv. Bio. Res., 3181 SW Sam Jackson PK Rd
Quan, F.

Potsdam, New York 13676, Clarkson College, Biology Dept.
Bishop, C.

Princeton, New Jersey 08544, Princeton University, Dept. of Molecular Biology
Schejter, E.D.

Providence, Rhode Island 02912, Brown Univ., Div. of Biology & Medicine [ tel 401-863- xxxx ]

Brooks, L., PhD, Asst. Prof. (-3455) population genetics
Rand, D., PhD, Asst. Prof. (-2890) population genetics, molecular evolution
Wharton, K., PhD, Asst. Prof, (-1951) developmental genetics

Provo, Utah 84602, Brigham Young Univ., Zoology Dept. 574 WIDB
Jeffery, D.E., PhD developmental & evolutionary genetics

Purchase, New York 10577, State Univ. of New York, Div. of Natural Sciences [ tel 914-251-6671,-6630, FAX
914-251-6635]
Ehrman, L., PhD, Prof. reproductive isolating mechanisms, cytoplasmic,
endosymbiotic inheritance, behavior genetics,
paulistorum & pseudoobscura

Gottlieb, J.F. Res. collaborator, symbionts

Inocencio-Green, B., BA Stockkeeper and Tech., microinjection techniques
Kim, Y.-K.

Factor, J.R.

Purchase, New York 10577, State Univ. of New York, Div. of Natural Sciences [ tel 914-251-6671,-6630, FAX
914-251-6635]

Craddock, E., PhD, Assoc. Prof. population genetics and molecular evolution of Hawaiian
Drosophila, partic. vitellogenin gene evolution;
correlates between behavior and reproductive
physiology

Raleigh, North Carolipa 27695, North Carolina State Univ., Genetics Dept., Box 7614
Lyman, R.F.
Mabhaffey, J.

Research Triangle Park, North Carolina 27709, Natl. Inst. of Environmental Health Sciences (NIEHS), Cellular
& Genetic Toxicology Branch [ tel 919-541-4483 ]
Champion, L.E. Curator of stocks
Mason, J.M., PhD geneticist, mutagenesis

Research Triangle Park, North Carolina 27709, Natl. Inst. of Environmental Health Sciences (NIEHS), Lab. of
Genetics [ tel 919-541-4690, FAX 919/541-7593 ]
Davis, P.S. chemist, molecular analysis, transposable elements
Gibson, W. chemist, gene expression
Goode, E.A. geneticist, transposon, gene expression
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Graves, J., MS
Huang, S.-M.

Judd, BH., PhD
Sander, M., PhD
Steinhauer, W., PhD

Sterling, J.
Voelker, R.A., PhD
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biologist, gene expression

geneticist, molecular biology of DNA repair and
homologous recombination

Res. geneticist, chromosome organization, gene
expression

biochemist, molecular biology of DNA repair and
homologous recombination

cell biologist, gene expression, development

biologist, gene expression

Res. geneticist, gene expression, genetic suppression

Research Triangle Park, North Carolina 27709, Natl. Inst. of Environmental Health Sciences (NIEHS), Maildrop
D3-02, 111 T.W. Alexander Dr., PO Box 12233.

Gore, N.D.

Rio Piedras, Puerto Rico 00931, Univ. of Puerto Rico, Biology Dept. [ tel 809-764-0000 ]

Perez-Chiesa, Y. , PhD, Prof.
Morales, B., M.S.
Soto, A.M.,

Rodriguez, H.
Irizarry, B.

Rodriguez, N.I., BS
Bruck, D., PhD, Assoc. Prof.
Resto, L., BS

(-2015) mutagenesis, developmental genetics

(-2015) Grad. student, developmental genetics

(2015) Undergrad., genotoxicity of antitumor
compounds

(2015) Undergrad., genotoxcity of antitumor compounds

(2015) Undergrad., genotoxicity of antitumor
compounds

(2015) Tech.

(2523) ecological genetics, evolutionary biology

(2523) Grad. student, developmental & evolutionary
biology

Riverside, California 92521, Univ. of California, Biology Dept. [ tel 714-787-5903 ]

Moore, B.C.

Moore, J.A., Prof. Emeritus
Nunney, L., Asst. Prof.
Fryxell, K.

(-3142) Res. Assoc., gene arrangements & ecology
(-3142) population biology

(-5011) inter- and intraspecific competition
(-5908)

Roanoke, Virginia 24020, Hollins College, Dept. of Biology, Box 9633

Bull, AL.

Rochester, Michigan 48309-4401, Oakland University, Dept. Biological Sci. [ tel 313-370-3555, FAX 313-
370-2286, E-Mail butterwo@vela.acs.oakland.edu]

Butterworth, F.M., PhD, Prof.

Burde, V., MS
Gustafson, T., MS
Pandey, P., BS
Nason, J.
Bojesen, D.

cell and molecular biology of yolk secretion, molecular
biology of gene loss, genotoxicity of toxic
pollutant metabolites

Tech., cell biology of yolk secretion

Grad. student, molecular biology of gene loss

Grad. student, genotoxicity of PCB metabolites

undergrad., genotoxicity of PCB metabolites

undergrad., cell biology of yolk secretion

Rochester, New York 14627, Univ. of Rochester, Biology Dept. [ tel 716-275-3835 ]

Jaenike, J., PhD, Prof.

Fleming, R., PhD, Asst. Prof.
Benyajati, C., PhD, Assoc. Prof.

ecological genetics
developmental genetics
molecular genetics
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Salt Lake City, Utah 84112, Univ. of Utah, Eccles Institute, Human Genetics Bldg. 533 [ tel 801-5585-5412
FAX 801-581-7796 E-Mail anthea@ genetics.med.utah.edu ]
Letson, A. Ph.D.

Kazuko, S.

Byars, C. Grad. student, E-Mail cherie@howard.med.utah.edu
Honeggar, M. Undergrad.

Judd, D. Undergrad.

Salt Lake City, Utah 84112, Univ. of Utah, HHMI/5200, Eccles Institute, Bldg. 533 [ 801-581-2937, FAX 801-
581-5374 E-Mail THUMMEL@MEDSCHOOL.MED.UTAH.EDU ]
Sakonju, S.
Thummel, C.

Salt Lake City, Utah 84112, Univ. of Utah, Biology Dept. [ tel 801-58x- xxxx ]

Dickinson, W.J., PhD, Prof. (1-6289) gene regulation in development & evolution
Golic, K.G., Asst. Prof. (1-8726)

Golic, M. (5-5208) Res. Tech.

Ahmed, K. (5-5208) Grad. student

Gordon, K. (5-5208) Grad. student

San Antonio, Texas 78245, University Texas Health Science Center at San Antonio, 15355 Lambda Drive
Britt, S.

San Bernardino, California 92407, California State Univ., Sch. of Natural Sciences, Biology Dept., 5500 North
University Parkway [ tel 714-887-7394/7371 ]

Sokoloff, A., PhD, emeritus ecological & population genetics of Tribolium,
experiments with Drosophila in beginning genetics
courses

Bournias-Vardiabasis, N., PhD (880-5309) Assoc. Prof., Drosophila developmental
genetics

San Diego, California 92182, San Diego State Univ., Biology Dept.
Bernstein, S.1., PhD molecular genetics
Cripps, R.

San Diego, California 92186, Salk Institute, Dept. Molecular Neurobiology, PO Box 85800
Callahan, C.A.
Thomas, J.

San Diego, California 92186, Salk Institute, MBVL, PO Box 85800
Karpen, G., Dr

San Francisco, California 94117, Univ. of San Francisco, Biology Dept., Harney Science Center [ tel 415-666-
6531, FAX 415-666-2346, E-Mail chihat@ ALM.ADMIN.USFCA .EDU]
Chihara, C.J., PhD, Prof.

San Francisco, California 94143, Univ. of California at San Francisco, HH.M.1,, 3rd & Parmassus, U-237
Jan, L., Dr

San Francisco, California 94143, Univ. of California at San Francisco, Hooper FNDN
Katzen, A.

Santa Cruz, California 95064, Univ. of California at Santa Cruz, Dept. of Biology
Poodry, C.
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Saratoga Springs, New York 12866, Skidmore College, Dept. Biology, Dana 331, North Broadway
Possidente, B.

Schenectady, New York 12308, Union College, Dept. Biology
Labonne, S.

Seattle, Washington 98195, Univ. of Washington, Dept. of Zoology, [ tel 206-543-1505, FAX 206-543-3041,
E-Mail rbhuey@max.u.washington.edu]
Huey, R.B.
Laird, C., PhD, Prof.
Schubiger, G., PhD, Prof.
Robinow, S.
Wakimoto, B.

Seattle, Washington 98195, Univ. of Washington, Dept. Genetics, SK-50, J205 Biochem.-Genet. Bldg.
Berg, C.

Seattle, Washington 98104, Fred Hutchinson Cancer Res. Ctr., M616, 1124 Columbia St.
Parkhurst, S.
Levis, R.
Wines, D.

Seattle, Washington 98104, Fred Hutchinson Cancer Res. Ctr., M684 Basic Sci. Division, 1124 Columbia St.. |
tel 206-667-4509, FAX 206-667-5889, E-Mail Linda@Sparky.fherc.org
Martin-Morris, L.

Seattle, Washington 98195, Univ. of Washington, Howard Hughes Medical Institute SL-15 [ tel 206-543-4222,
FAX 206-543-0858, E-Mail cfitch@max.U.washington.edu]
Fitch, C., PhD Post-doc., signal transduction/ G proteins in Drosophila
Hurley, J.B., PhD signal transduction/ G proteins in Drosophila

Seattle, Washington 98104, FHCRC, mail stop A1-062, 1124 Columbia St.
Sheen, F-m - -

Shippensburg, Pennsylvania 17257, Shippensburg University, Dept. of Biology, F-209
Morrison, W.J., Assoc. Prof.

Shrewsbury, Massschusetts 01545, Worcester Foundation for Experimental Biology, 222 Maple Ave.
Jackson, F.R.

St. Louis, Missourj 63103-2010, St. Louis Univ. Dept. Biology, 3507 Laclede Avenue [ tel 314-658-7151, FAX
314-658-3117 ]
Stark, W.S., Prof. visual receptor, cell biology
Chen, De-Mao, Res. Prof. visual receptor, cell biology

St. Louis, Missouri 63104-1079, St. Louis Univ. Med. Ctr., Dept. of Biochem. & Mol. Biology, 1402 S. Grand
Blvd.
Eissenberg, 1.C.

St. Louis, Missouri 63130, Washington Univ., Biology Dept., Campus Box 1137
Cai, H.
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St. Loujs, Missouri 63130, Washington Univ., Biology Dept. [ tel 314-935-6811, FAX 314-935-4432 ]

Clark, R.F. (-6837) Post-doc. Fellow, chromatin structure & gene
expression

Craig, C.A. (-6837) Tech., chromosome structure

Duncan, 1., Asst. Prof. (-6719) developmental genetics

Elgin, S.C.R., Prof. (-5348) chromosome structure & gene expression

Granok, H. (-6837) Grad. student, chromatin structure & gene
expression

Hopmann, R. (-7339) Grad. student, developmental genetics

Kellerman, K. (-7339) Grad. student, developmental genetics

Kiefel, P. (-4764) Tech., developmental genetics

Ly, Q. (-6837) Sr. Res. Assoc., chromatin structure & gene
expression

Mattson, D. (-4764) Tech., developmental genetics

Mermall, V. (-7339) Tech., developmental genetics

Miller, K., Asst. Prof. (-7305) developmental genetics

Narveson, D. (-7339) Tech., developmental genetics

O'Donnell, M.P. (-6837) Tech., chromatin structure & gene expression

Shaffer, C.D. (-6837) Post-doc. Res Assoc., chromatin structure &
gene expression

Teare, J.M. (-6837) Post-doc. Fellow, DNA structure & gene
expression

Templeton, A.R., Prof. (-6868) population genetics

Wallrath, L.L. (-6837) Post-doc. Fellow, chromatin structure & gene
expression

Wilson, B.A. (-6837) undergrad., chromatin structure & gene
expression

Wuller, J.M. (-6837) Tech., chromatin structure & gene expression

St. Louis, Missouri 63130, Washington Univ. Sch. of Medicine, Genetics Dept. 4566 Scott Ave.
Cheney, C.

St. Louis, Missouri 63130, Washington Univ. Sch. of Medicine, Genetics Dept. [ tel 314-362-xxxx ]

Ayala, Z¢ (-2728) Grad. student
Carulli, J. (-2728) Grad. student
Lidholm, D. (-4769) Post-doc.
Lozovskaya, E. (-2734) Instructor

St. Louis, Missouri 63130, Washington Univ. Sch. of Medicine, Box 823, 2660 S. Euclid Ave.
Pierre, C.

St. Louis, Missouri 63134, St Louis University School of Med., Dept of Pharmacological & Physiological
Sci., 1402 S. Grand Blvd
Neckameyer, W. PI Drosophila molecular neurobiology,aminergic
phenotype, neutransmitters, transporters

St. Paul, Minnesota 55108, Univ. of Minnesota, Dept. Genetics & Cell Biology [ tel 612-xxx-xxxx ]

Hays, T.S., Asst. Prof. (625-2226) cell/developmental biology

Gepner, J., Post-doc. Res. Assoc. (625-2212) genetics

Li, M.-G., Post-doc. Res. Assoc. (625-2212) molecular genetics

McGrail, M. (625-2212) Grad. student, cell/developmental biology
Rasumsson, K., Post-doc. Res. Assoc. (625-2212) molecular genetics

Serr, M., Res. Tech. (625-2212) molecular genetics

Simmons, M.J., Prof. (624-5354) genetics
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Merriman, P.J., Lab. Tech (624-0717) molecular genetics
Raymnod, J.D., Sci. (624-0717) genetics

St, Paul, Minnesota 55108, Univ. of Minnesota, Dept. Ecology, Evolution & Behavior, 100 Ecology, 1987
Upper Buford Circle
Fukui, H.H.
Khazaeli, A.A.

St. Paul, Minnesota 55108, Univ. of Minnesota, 250 Biosciences, 1445 Gortner Ave.
Crosby, M.A.

Stanford, California 94305, Stanford University, Dept. Biological Sciences
Baker, B.

Stanford, California 94305, Stanford University Med. Center, Dept. Biochemistry
Bender, M.
Krasnow, M.

Stanford, California 94305, Stanford University Med. Center, Dept. Molecular & Cellular Physiology
Schwarz, T., Dr

Stanford, California 94305, Stanford University School of Med., HH. Med. Inst., Beckman Center, B202
Nusse, R., Dr

Stillwater, Oklahoma 74078, Oklahoma State University, Dept. Entomology, 127 NRC
Palmer, M.J,, Dr

Stony Brook, New York 11794-8081, State Univ. of New York, Health Sciences Center, Anatomical Sci. [ tel
516-444-3118, FAX 516-444-3947 ]
Williamson, D.L., PhD, Prof. maternally inherited infections, spiroplasmas

Stony Brook, New York 11794-5215, State Univ. of New York, Dept. Biochemistry and Cell Biology [ tel 516-
632-9-3-, FAX 516-632-8575 ]

--Gergen, P., Asst. Prof. - - o - ‘regulation of gene expression and embryo pattern
formation

Klingler, M. Post-doc.

Kania, M. Grad. student

Duffy, J. Grad. student

Tsai, C. Grad. student

Pepling, M. Grad. student

Soung, J. Grad. student

Zachar, Z.

Stony Brook, New York 11794, State Univ. of New York, Dept. Ecology and Evolution
Eanes, W.

Storrs, Connecticut 06269, Univ. of Connecticut, Dept. of Molecular and Cell Biology [ tel 203-486- xxxx]

Chovnick, A., PhD, Prof. (-3810/-3043)

Dutton, F.L., PhD, Res. Assoc. (-2266/-2842)

Knder, H., PhD, Prof. (-4860)

McCarron, M., PhD, Res. Assoc.. (-6366)

Strausbaugh, L., PhD., Assoc. Prof. (-2693)

Schwinck, 1., Dr.rer.nat., Assoc. Prof. (4353 for messages) Emeritus, biochemical &

developmental genetics, drosopterins, homoeotic
head mutants
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Summit, New Jersey 07901, CIBA-GEIGY, V-108, 556 Morris Ave.

Deng, Y.

Sylmar, California 91342, 15001 Lamesa
Coyle-Thompson, C.

Syracuse, New York 13244, Syracuse Univ., Biology Dept. [ tel 315-423-3186, E-Mail STARMER@SUVM ]

Starmer, W.T., PhD, Prof.
Druger, M., PhD

evolutionary genetics & ecology

Tampa, Florida 33620, Univ. of South Florida, Biology Dept. [ tel 813-974-xxxx, FAX (813) 974-5273 ]

Brandon, S., MS
Cochrane, B.J., Assoc. Prof.

Coronella, J.A., BS
Ludwig, M., PhD
Richmond, P.C., PhD, Prof.

Tamarina, N., PhD
Windelspecht, M., BS

(-2087) esterases; effects of psychoactive drugs

(-2087;-3228) molecular evolution, insecticide
resistance

(-2087) molecular biology of glutathione S-transferases

(-2087) regulation of esterase 6, developmental biology

(-2084) molecular evolution, esterase, effects of
psychoactive drugs

(-2087) regulation of esterases

(-2087) genetics of insecticide resistance

Tempe, Arizona 85287-1501, Arizona State Univ., Zoology Dept. [ tel 602-965-7172 or -7189, FAX 602-965-

2012, E-Mail icwwd@asuacad]
Doane, W.W., PhD, Prof.

Norman, R.A., PhD

Thompson, D.B.

Hoelzinger, D.
Smouse, D.

Goldstein, E.
Markow, T.
Riedy, M.F.
Hedrick, P.

developmental, biochemical and molecular genetics of
Drosophila, especially the Amylase system

Fac. Res. Assoc., population genetics and molecular
evolution, Amylase system in Drosophila species,
especially miranda, persimilis and pseudoobscura

Adj. Asst. Prof., developmental, biochemical and
molecular genetics, especially Amylase system in
D. melanogaster

Grad. student, Amylase system in D. hydei

Res. Assoc., developmental genetics, especially of
nervous system

tel 602-965-3571

Trenton, New Jersey 08650, Trenton State College, Biology Dept., CN-47 Hillwood Lake

Klug, W.S.

Tucson, Arizona 85721, University of Arizona, ARL Division of Neurobiology, Gould Simpson Bldg. [ tel 602-
621-8380, FAX 602-621-8282, E-Mail LLR@ARIZRVOX]

Restifo, L.L., Faculty

nervous system development, flight muscle
development, steroid hormone action

Tucson, Arizona 85721, University of Arizona, Dept. Molecular and Cell Biology, LSS Bldg.

Brower, D.

Tucson, Arizona 85724, University of Arizona, Dept. of Anatomy College of Medicine, 1501 N. Campbell Ave.

Bykowski, M.
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Tucson, Arizong 85721, Univ. of Arizona, Dept. Ecology and Evolutionary Biology [ tel 602-621-xxxx, FAX
602-621-9190 ]
Clark, J.B., PhD (-1960, E-MAIL JBCLARK@CCIT.ARIZONA.EDU )
Post-doc. Fellow, Evolutionary genetics,
transposable elements in mosquitoes & Drosophila
Kidwell, M.G., PhD, Prof. (-1784, E-MAIL MKIDWELL@ CCIT.ARIZONA.EDU )
evolutionary genetics, transposable elements

Tuscaloosa, Alabama 35487-0344, Univ. of Alabama, Dept. of Biological Sciences, Box 870344 [ tel 205-348-
xxxx, FAX 205-348-1786 ]

ODonnell, J.M., PhD, Assoc. Prof. (-9810/-1800) molecular genetics of pteridine regulation
and function
Stephenson, E., PhD, Asst. Prof. (-1828/-1841) developmental and molecular genetics of

transcript localization

University Park, Pennsylvania 16802, Pennsylvania State Univ., Biology Dept., 208 Mueller Lab. [ tel 814-
863-3891 ]
Clark, A.G theoretical & experimental population genetics

University Park, Pennsylvania 16802, Pennsylvania State Univ., Dept. Molecular & Cell Biology, 459 N.
Frear.
Abmayr, S.M.

University Park, Pennsvlvania 16802, Pennsylvania State Univ., Center for Developmental and Health
Genetics, Amy Gardner Bldg, [ tel 814-863-2539, FAX 814-865-2735, E-Mail LKD1@PSUVM]
Dixon, L. K. behavior genetics
Karkowski-Shuman, L. Grad. student, behavior genetics

Urbana, Illinois 61801, Univ. Illinois, Dept. Cell/Structural Biology, 505 S. Goodwin Ave.
Blackman, R.
Doe, C.

Urbana, Illinois 61801, Univ. Illinois, Dept. Entomology Dept., 505 S. Goodwin Ave.
Robertson, H. B _ .

Utica, New York 13501-1787, Aging Program, Masonic Medical Research Lab. [ tel 315-735-2217 x 28 ]
Baird, M.B., PhD resident research staff
Massie, HR., PhD resident research staff

Valhalla, New York 10595, New York Medical College, Dept. Microbiology and Immunology [ tel 914-993-
4194, FAX 914-993-4176]
Margulies, L., Assoc. Prof. ionizing radiation- and transposon-induced mutagenesis

Waltham, Massachusetts 02254-9110, Brandeis Univ., Biology Dept., 235 Bassine Bldg.[ tel 617-736-3170,
FAX 617-736-3107 ]

Hall, J.C., Prof. reproductive behavior, biological rhythms

Dushay, M.S. Grad. student, genetics/ molecular biology of rhythms
Flint, K.K. Res. Asst., physiology/ neurobiology of rhythms
Frisch-Brandes, B. Post-doc., neurobiology of rhythms

Hamblen-Coyle, M.J. Res. Assoc., genetics of behavioral rhythms

Rendahl, K.G. Grad. student, genetics/ molecular biology of courtship
Smith, L. Grad. student, genetics/ molecular biology of courtship
Villella, A. Res. Assoc., genetics/ molecular biology of courtship
Edery, L., Dr

Preat, T.
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White, K.
Griffith, L.C.

Waltham, Massachusetts 02254-9110, Brandeis Univ., Biology Dept., 415 South st.
Rouyer, F.

Washington, District of Columbia 20052, George Washington Univ., Dept. of Biological Sci., Lisner Hall 304
Johnson, D.

Washington, District of Columbia 20057, Georgetown University, Dept. of Biology, 406 Reiss
Tansey, T.

Wayne, New Jersey 07470. William Paterson College, Biology Dept.
Weisbrot, D.R.

West Lafvette, Indiana 47907, Purdue Univ., Dept. Biological Sciences, Lilly Hall, Life Sci.
Pak, W.
Koliantz, G.

Weston, Massachusetts 02193, Regis College, Biology Dept., 235 Wellesley St.

Barnabo, J.

Wilmington, North Carolina 28403-3297, Univ. of North Carolina at Wilmington, Dept. of Biol. Sci.
Dodd, D.M.B.

Winona, Minnesota 55987, Winona State University, Dept. of Biology
Dapkus, D.

Yardley, Pennsylvania 19067, 286 Forrest Rd.
Black, B.C., Dr

(the former) Yugoslavia

Belgrade, Univ. of Belgrade, Inst. of Biol. Res. , Genetics Dept.

Andjelkovic, M., PhD, Assoc. population & evolutionary genetics, genet. toxicology
Milanovic, M., PhD, Assoc. physiological & ecological genetics
Stamenkovic-Radak, M., PhD population & behavioral genetics, genet. toxicology
Zivanovic, G., Asst. population & ecological genetics

Terrzic, T., Asst. population & behavioral genetics

Milosevic, N., Asst. behavioral genetics

Jelisavcic, B. Tech.

Belgrade, Univ. of Belgrade, Fac. of Science, Institute of Zoology

Marinkovic, D., PhD, Prof. developmental, population & evolutionary genetics
Tucic, N., PhD, Prof. population genetics & evolution

Kekic, V., PhD, Assoc. Prof. behavioral, ecological & population genetics
Milosevic, M., PhD, Doc. molecular & evolutionary genetics

Serban, N., PhD, Doc. cytology & electron microscopy

Petkovic, D. Tech.

Stojiljkovic, V., Asst. physiology & development

Pavkovic, S., Asst. behavioral adaptations

Kragujevac, Univ. of Kragujevac, Fac. of Science, Biology Dept.
Stanic, S., MSc, Asst. behavioral & population genetics
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Nis, Univ. of Nis, Faculty of Medicine, Biology Dept.
Mrcalica, E., PhD, Prof. sex ratio genetics

Bristina, Univ. of Pristina, Fac. of Science, Biology Dept.
Bajraktari, 1., PhD, Assoc. Prof. environmental mutagenesis
Savic, G., PhD, Doc. environmental mutagenesis

Sarajevo, Univ. of Sarajevo, Fac. of Science, Biology Dept.
Hadziselimovic, R., PhD, Prof. population biology

Skopje, Univ. of Skopje, Faculty of Biology
Jovanovska-Rizova, M., PhD, Doc. developmental adaptations
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