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Figure 1. 	A pretiminary map of weak points ( .....)and 

ectopic contact sites (-) of 

DOT CIROMtEOME 	 DrosophiLa subobscura polytene chromosomes. 

breaks, constrictions and ectopic contacts, are located close to active puffs. If both features could be 
taken as an indication of intercalary heterochromatin, it can be suggested that intercalary heterochromatin 
does not affect the gene expression of neighbouring regions. 

References: Kunze-MOhl, E. & E. Mllfler 1958, Chromosoma 9:559-570; Zhiniulev, I.F. et al. 1982, Chromosoma 
87:197-228. 

Del Puerto, G.A., J.J. Culich and C.J. Chihara. 	Ten different third instar larval cuticle proteins have 
University of San Francisco, California USNA. 	been described for D.melanogaster and have been 

Last larval instar cuticle protein patterns and 	labelled as L3CP 1-9 (Figure 1). Genetic studies have 

their use for the identification of twenty-one 	shown that the production of each of these proteins 

species of Drosophila, 	 is under the control of a different locus. L3CP 1-4 
have been located on the second chromosome, where- 
as L3CP 5, 6, and 8 have been placed on the third 

chromosome (Fristrom et al. 1978; Snyder et al 1981, Chihara et al. 1982; Chihara & Kimbrell, unpubi.). 
Studies have shown that in related species some of the cuticle proteins seem to be shared among species 
in so far as the amino acid constitution of the proteins is concerned (Hackman 1971, 1976; Willis et al. 
1981). Recently, electrophoresis has become an invaluable tool for insect systematics. Most of these 
studies have focused on genetic variation of enzymatic loci and have helped in the description and identi-
fication of different species (Avise 1974; Berlocher 1984). 

Twenty-one different species of Drosophila belonging to the groups melanogaster, obscura, virilis, 

and repleta were studied for their urea soluble, last instar larval cuticle proteins using P.A.G.E. Each 
species was found to have a unique cuticle protein pattern that can be used to establish larval species 
identity. In addition, we have also developed consensus on last larval instar cuticle protein patterns for 
four species: D.simulans, D.persimilis, D.pseudoobscura, and D.virilis. Our results suggest that it is 
possible to identify a particular species of Drosophila based on its last instar larval cuticle protein pattern. 
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-w � Fifty-six 	stocks, 	representing 	thirty-five 
different locations in nineteen different coun- 
tries world-wide were used in this study. 	All 

, stocks were purchased from the National Dro- 
sophila 	Species 	Resource 	Center, 	Bowling 

8 Green State University, Ohio, with the follow- 
ing 	exceptions: 	(1) 	four 	D.simulans stocks 

, (Guatemala, 	Morro 	Bay, 	South 	Africa, 	and 

.E Kush la-F) were obtained from the California 

’ 	. Institute 	of 	Technology, 	(2) 	D.persimilis, 
D.pseudoobscura, and D.mauritiana were ob- 

. . tamed from Dr. T. Prout at U.C. Davis, and 

. 	. (3) D.virilis (wild type) was purchased from 
.’ the Carolina Biological Supply Company. 	Our 

2 	. control stock, an Oregon R strain of D.melan- 

- ogaster, has been maintained at the University 
� . of San Francisco, CA., since 1976. 	We call 

- 
5- this strain the "standard" since it is invariant 

for all the cuticle proteins, and is the stock 

’ . against which all other Drosophila species are 
compared. 

cu 	rd Late last instar larvae of all species were 
recovered for dissection. 	Cuticles were reco- 
vered and extracted according to Chihara et 

. al. 	(1982). 	All 	protein 	extractions 	were 
assayed by vertical gel electrophoresis using 
nondenaturing 	gels as described by Chihara 
et 	al. 	(1982). 	All 	samples were run 	in cold 

j Borate buffer pH 8.6 (18.2 g/lt Boric Acid) 
or cold Tris-Glycine buffer pH 8.6 (3.03 g/lt 

; 	. 	. 	.,. Tris, 14.4 g/lt Glycine). 	Denaturing SDS gels 
were made according to Laemmli (1970). Gels 
were 	17.5 010 	Acrylamide, 0.46 010 Bis-acrylam- 
ide. 	Running buffer was Tris-Glycine (as de- 

- 	 - scribed above) with 0.1 010 SDS. 	All gels were 
stained with 	0.01% 	Coomasie 	Brilliant 	Blue 
G-250 or R-250 and were subsequently dried 

; ił for 	future 	reference. 	Immunodiffusion 	was 
a performed using 	the 	Ouchterlony procedure 

. in 	1% 	Agarose-Tris 	gels. 	Antibody 	against ., 
the 	third 	instar 	larval 	cuticle 	proteins 	of 

. 	. d D.melanogaster was used and is described by 
-8 Chihara et al. (1982). 
2 The mobility of the cuticle proteins of all 

species was determined in relation to the mo- 
bility of L3CP 4 of D.melanogaster. 	Although 

� ’ 
U 

thousands of wild genomes have been screened 
- for cuticle protein variants of D.melanogaster 

cu 
none has ever been recovered for L3CP 4. 	It 
was for this reason that mobility values (R4) 
were determined relative to the mobility of 
L3CP 4 of D.melanogaster. 	Migration distan- 

° ’ o ces were measured on dried gels, using a cen- 
- timeter ruler calibrated in millimeters, from 

- 	 : 	. the top of the separating gel to the mid-line 

E of each protein band. 	The R4 was calculated 
. 	. 	. as the ratio of the distance of protein migra- 

w tion 	to the distance of L3CP 	4 migration. 
. Accordingly, L3CP 4 of D.melanogaster had 

an R4 of 1.00, slower migrating proteins an 
R4 of less than 1.00, and faster migrating pro- 
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Figure 2. Comparison of last larval instar cuticle protein patterns. Subgroup melanogaster: (1) D.nielanogaster 
standard, (2) D.simulans consensus, (3) D.yakuba, (4) D.mauritiana. Subgroup takahashii: (5) D.lutescens, (6) 
D.prostipennis, (7) D.takahashii. Subgroup suzukii: (8) D.rajasekari. Subgroup ananassae: (9) D.ananassae, (10) 
D.bipectinata, (11) D.pseudoananassae nigrens, (12) D.pseudoananassae pseudoananassae. Dashed lines represent 
variant protein bands. See Table 1 for individual protein band R4 values. 
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Figure 3. Comparison of last larval instar cuticle protein patterns. 	(1) D.melanogaster standard. Subgroup ficusphila: 	(13) D.ficusphila. Subgroup eugracilis: 	(14) D.eugracilis. Subgroup inontiiin: 	(15.1) D.janibulina 3116.66, (15.2) D.janibulina 3117.6, (16) D.kikkawai, (17) D.auraria. 	Subgroup obscura: 	(18) D.persini1is consensus, (19) D.pseudoobscura consensus. Group virilis: (20) D.virilis consensus, (21) D.aniericana. Subgroup hydei: (22) D.hydei. Dashed lines represent variant protein bands. See Table 2 for individual protein band R4 values. 
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Table 1. Relative mobility values (R4) for Drosophila species 	 teins an R4 greater than 
in the Group melanogaster. 1.00. 	Consensus patterns 

LANE: were assigned to the spe- 

Protein 	1 	2 	3 	4 	5 	6 	7 	8 	9 	10 	11 	12 cies listed above by calcu- 
lating 	mean 	R4 	values 

1 	 0.78 	0.82 	0.80 	0.82 	0.82 	0.80 	0.82 	0.84 	0.76 	0.71 	0.74 	0.74 for 	all 	invariant 	protein 
2 	 0.81 	0.88 	0.86 	0.88 	0.90 	0.88 	0.90 	0.88 	0.83 	0.84 	0.84 	0.84 bands from their respec- 

0 � 84a 	 093a 089a 
tive 	stocks. 	The 	stock 

3 	 0.92 	0.92 	0.96 	0.92 	0.92 	0.91 	0.95 	0.98 	0.93 	0.96 	0.92 	0.92 best 	matching the mean 
R4 values was designated 

4 	 1.00 	1.02 	1.00 	0.99 	1.00 	1.00 	1.02 	1.01 	0.98 	1.01 	1.00 	1.00 as the consensus for that 
103a 	 103b 

species. 
5 	 1.07 	1.06 	1.09 	1.06 	1.07 	1.13 	1.10 	1.07 	1.08 	1.11 	1.09 	1.09 Our 	results 	indicate 

109b 110b 
that the last instar larval 

6 	 1.11 	1.08 	1.18 	1.11 	1.13 	1.16 	1.15 	1.08 	1.12 	1.12 	1.12 	1.12 cuticle 	protein 	patterns 
for each Drosophila spe- 

7 	 1.13 	1.15 	1.15 	1.21 	1.19 	1.18 	1.12 	1.22 	1.16 	1.16 	1.16 cies 	is 	unique, 	and 	that 
8 	 1.19 	1.24 	1.19 	1.22 	1.26 	1.21 	1.24 	1.19 	1.19 	1.19 species 	within 	the 	same 

1 28b 
subgroup 	share 	proteins 

9 	 1.23 	 1.24 	 1.21 	1.23 	1.23 with 	similar 	mobilities. 

Legend: Lane numbers on top as designated in Figure 2. All 	species 	appeared 	to 
Footnotes: 	Lane 1: a = R4 value for L3CP 2e. 	Lane 4: a = R4 value for putative have between six to ten 
fast variant of L3CP 4; b = R4 value for putative slow variant of L3CP 6. protein 	bands 	with 	the 
Lane 5: a = R4 value for L3CP 3 as seen in stock 3388.1; b = R4 value for putative exception 	of 	D.virilis, fast variant of L3CP 5. 	Lane 9: a = R4 value for putative fast variant of L3CP 6 
as seen in stock SB 18.8D; b = R4 value for faint band observed below L3CP 8 in D.americana, and D.hydei 
stock SB 18.8C. 	Lane 10: a = R4 value for protein band observed below L3CP 2 in where 14 bands were vis- 
stock 3054.3E. 	Lane 11: a = R4 value for faint protein band observed above L3CP ualized. 	Putative 	fast b = R4 value for putative fast variant of L3CP 4. 

or slow variants for some 
of the bands were obser- 

Table 2. 	Relative mobility values (R4) for Drosophila species ved in nine different spe- 

in the Groups melanogaster, obscura, virilis, and repleta. 
cies. 	The cuticle protein 
patterns 	and 	number of 

LANE. protein bands per species 
Protein 	13 	14 	15.1 	15.2 	16 	17 	18 	19 	20 	21 	22 are 	diagrammed 	in 	Fig- 
1 	 0.86 	0.82 	0.79 	0.79 	0.82 	0.83 	0.78 	0.80 	0.55 	0.56 	0.46 ures 2 and 3. The R4 val- 

2 	0.90 	0.89 	0.88 	0.88 	0.88 	0.85 	0.88 	0.90 	0.64 	0.62 	0.54 ues for each protein band 

3 	 0.95 	1.00 	0.90 	0.90 	0.94 	0.89 	0.93 	0.94 	0.71 	0.64 	0.73 and the character of the 

4 	 1.01 	1.07 	1.00 	1.01 	0.98 	0.93 	1.02 	1.04 	0.88 	0.70 	0.75 variant 	bands 	are 	given 

5 	 1.03 	1.12 	1.03 	1.04 	1.07 	1.02 	1.08 	1.11 	0.92 	0.86 	0.79 in 	Tables 	1 	and 2. 	The 
protein 	bands which 	mi- 

6 	 1.09 	1.18 	1.12 	1.12 	1.12 	1.07 	1.11 	1.14 	0.94 	0.92 	0.82 grated toward the anode 

7 	 1.12 	1.16 	1.16 	1.20 	1.12 	1.16 	1.19 	0.98 	0.94 	0.84 were numbered consecu- 

8 	 1.14 	1.22 	1.21 	1.24 	1.20 	1.19 	1.23 	1.03 	0.98 	0.90 tively 	for 	each 	species 
with the least electroneg- 

9 	 1.20 	 128a 	1.29 	1.27 	1.26 	1.06 	1.02 	0.93 ative 	band 	numbered 	1; 
133b 	128a 130a therefore, 	band numbers 

10 	1.22 	 1.32 	1.10 	1.06 	0.99 should 	not 	be 	taken 	to 
11 	 1.11 	1.09 	1.10 indicate 	any 	homology 
12 	 1.14 	1.12 	1.12 between species, but only 

13 	 1.23 	1.17 	1.18 as 	relative 	mobilities. 

14 	 1.25 	1.20 	1.21 The protein bands in Fig- 

Legend: 	Lane numbers on top as designated in Figure 3. 
ure 	1 	are 	labelled 	with  

Footnotes: 	Lane 15.2: 	a = R4 value for putative fast variant of L3CP 5; white 	dots 	to 	indicate  
b = R4 value for faint band observed below L3CP 8. 	Lane 16: 	a = R4 value variant bands. 
for L3CP 9 as seen in stock 3046.6; b = R4 value for L3CP 9 as seen in Although 	D.melano- 
stock 3014.4. 	Lane 18: 	a = R4 value for putative fast variant of L3CP 9 gaster, 	D.simulans, as seen in stocks KE 1(3 and KE K22. 	Lane 19: 	a = R4 value for putative 
slow variant of L3CP 10 as seen in stocks AR 148 and HH 21. D.mauritiana, 	and 	D.ya- 

kuba (Subgroup melano- 
gaster) are considered 
sibling species, D.melano- 
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Table 3. Molecular weight ranges for 	 gaster and D.simulans share only two proteins with 
Drosophila species. 	 identical mobilities, whereas D.mauritiana and 

Species 	 Molecular weight ranges 	 D.simulans share six (Figure 2 and Table 1, lanes 1-4). 

O.nielanogaster 	 8.5K - 22K 	
The results obtained suggest that related structural 

D.simulans 	 less than 6K - 22K 	
genes may be shared by all four species. If this is 

fl.niauritiana 	 6K - 19K 	
the case, our results agree with studies on enzymes 

D.yakuba 	 7K - 18K 	
which conclude that D.simulans and D.mauritiana 

D.lutescens 	 5.9K - 21.7K 	
are more closely related to each other than to 

D.takahashii 	 5.9K - 22K 	
D.yakuba and D.melanogaster (Eisses et al. 1979; 

D.ananassae 	 9.9K - 22K 	
Gonzalez et al. 1982). 

D.bipectinata 	 9.9K - 21.8K 	
D.lutescens, D.prostipennis, and D.takahashii 

D.pseudoananassae 	9.9K - 21.5K 	
(Subgroup takahashii) have similar electrophoretic 

D.jambulina 	 9K - 18K 	
patterns; however, their mean R4 values differ 

D.kikkawai 	 less than 6K - 18K 	
slightly. 	These 	patterns 	are 	most 	clearly 

D.auraria 	 less than 6K - 18K 	
distinguished from one another by the position of 

D.rajasekari 	 less than 6K - 22K 	
L3CP 3 in D.takahashii and of L3CP 5 in D.Iutescens 

D.ficusphila 	 less than 6K - 22.5K 	
(Figure 2 and Table 1, lanes 5-7). 

D.eugracilis 	 9.9K - 22K 	
D.ananassae, D.bipectinata and D.pseudoanan- 

LJ.persimilis 	 10K - 22K 	
assae (Subgroup ananassae) also have similar cuticle 

D.pseudoobscura 	10K - 22K 	
protein patterns as visualized on polyacrylamide gels. 

D.americana 	 less than 6K - 24K 	
The 	main 	difference 	that 	permits 	visual 

D.virilis 	 8K - 24K 	
discrimination of the subspecies pseudoananassae and 

D.hydei 	 12K - 21.5K 	 nigrens is the variation in L3CP 1 and the two 
additional faint bands in D.pseudoananassae nigrens 
(Figure 2 and Table 1, lanes 9-12). 

D.jambulina, D.kikkawai, and D.auraria (Subgroup montium) do not have similar overall 

electrophoretic patterns on the gels; however, some of the protein bands between these three species have 
the same mobilities (Figure 3 and Table 2, lanes 15.1-17). 

The overall pattern for D.persimilis and D.pseudoobscura (Subgroup obscura) seems at first glance 

to be identical; however, the main difference between the two sibling species is the mobility of L3CP 8 

(D.persimilis R4=1.19 and D.pseudoobscura R4=1.23) which allowed for quick visual discrimination of the 

two species (Figure 3 and Table 2, lanes 18 and 19). 
D.americana and D.virilis (Group virilis) have very similar electrophoretic patterns on 

polyacrylamide gels. Proteins thirteen and fourteen of D.virilis have faster mobilities than the same pro-

tein bands of D.americana; this last difference, together with the position of protein band 2, of 

D.americana allows for visual discrimination of the two species (Figure 3 and Table 2, lanes 20 and 21). 
D.rajasekari, D.ficusphila, D.eugracilis, and D.hydei (Subgroups suzukii, ficusphila, eugracilis, and 

hydei, respectively) were not compared to any other species within their subgroup; however, last instar 
larval cuticle protein patterns and their respective R4 values for these species are given in Figures 2 and 

3; Tables 1 and 2. 
Our results show that the third instar larval cuticle proteins of all species in the Group melanogaster 

are antigenically related to the third instar larval cuticle proteins of D.melanogaster. It is possible that 

all species in this group share common structural genes for at least some of the third instar larval cuticle 

proteins. In contrast, Groups obscura, virilis, and repleta did not react with D.melanogaster third instar 

antibody. 
For the majority of species, most proteins fall within the range of D.melanogaster (8K-22K); 

however, many species showed either very small proteins or heavier proteins (below 6K or above 22K). 
In conclusion, our results indicate that the last instar larval cuticle protein patterns for each 

Drosophila species is unique, and that species within the same subgroup share proteins with similar 
mobilities. At the same time, our work is consistent with that of others who have shown that protein 
components of Drosophila species are similar, and that protein patterns of closely related species are more 
similar and probably share more protein components than distant species of Drosophila (Hackman 1971). 
Our results suggest that with the use of PAGE, a species (and even a subspecies) of Drosophila can be easily 
identified by visual comparison of the overall pattern of its last larval instar cuticle proteins with that of 

D.melanogaster, or with closely related species, and secondarily by calculating R4 values for each protein. 

References: Avise, J.C. 1974, Syst. Zool. 23:465-481; Berlocher, S.H. 1984, Ann. Rev. Entom. 29:403-433; 
Chihara, C.J., D.J. Silvert & J.W. Fristrom 1982, Devel. Biol. 89:379-388; Eisses, K.T., H. van Dijk & W. van Delden 
1979, Evolution 33:1063-1068; Fristrom, J.W., R.J. Hill & F. Watt 1978, Biochem 17:3917-3924; Gonzalez, A.M., V.M. 
Cabrera, J.M. Larruga & A. Gullon 1982, Evolution 36:517-522; Hackman, R.H. 1971, in:Chemical Zoology (Florkin & 
Scheer, eds.), Academic Press, New York, p1-62; Hackman, R.H. 1976, in:The Insect Integument (Hepburn, ed.), 
Elsevier, p107-119; Laemli, U.K. 1970, Nature 277:680-685; Snyder, M., J. Hirsch & N. Davidson 1981, Cell 
25:165-177; Willis, J.H., J.C. Regier & B.A. Debrunner 1981, in:Current Topics in Insect Endocrinoloogy and 
Nutrition (Bhaskaran et al., eds.), Plenum, New York, p27-46. 


