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Abstract 
 

New mutations of Drosophila willistoni are reported.  Of 80 visible spontaneous mutants, 
mostly isolated from natural or laboratory populations of D. willistoni, 42 genes have been assigned 
to chromosomes.  Twenty-one mutants map on chromosome 2, fifteen on chromosome 3, and six on 
the X chromosome.  The isolation of mutants with a particular phenotype and data on the genetic 
interaction observed in eye color mutants were used to propose the linkage groups of D. willistoni in 
relation to D. melanogaster. 
 
 
Introduction 
 
 The willistoni group comprises a group of cryptic species that inhabits the Neotropical region 
and has been the subject of evolutionary research studies for the past century (Ehrman and Powell, 
1982;  Cordeiro and Winge, 1995).  D. willistoni is a member of the willistoni species subgroup, 
which inhabits domestic and natural environments of Uruguay (Goñi et al., 1997, 1998).  

The karyotype of D. willistoni is characterized by two pairs of autosomes (chromosomes 2 
and 3) and a pair of heteromorphic sex chromosomes, the X chromosome and the Y chromosome.  
The earliest information on D. willistoni mutants and linkage maps was reported by several authors in 
the early 1920’s.  Lancefiled and Metz (1922) and Ferry et al. (1923) described 34 X-linked and 19 
autosomal mutants (11 in chromosome 2, and 8 in chromosome 3) isolated from strains brought from 
Cuba in 1915.  Later, Spassky and Dobzhansky (1950) described 21 X-linked mutants, 22 mutants on 
chromosome 2, and 11 on chromosome 3, some of them of spontaneous in origin from Belem, Pará, 
Brazil and others, which were X-ray-induced.  The authors named these mutants by virtue of their 
phenotypic similarities with the classical mutants of D. melanogaster, as well as to those mutants 
described by Lancefield and Metz (1922).  Subsequently, Poulson and Counce (1960) described 
additional mutants of D. willistoni.  Unfortunately all of the mutant strains reported by these authors 
are no longer available.   

Müller (1940) proposed that the ancestral genome of Drosophila species was composed of 
five pairs of acrocentric chromosomes and a pair of dot chromosomes.  Using D. melanogaster as 
reference, he also proposed the letters A-F to designate each of the five chromosome arms and mini 
or "dot" chromosome, and used that nomenclature to identify homologous linkage groups within 
different species of of the genus Drosophila.  Subsequently, a homology relationship between the 
chromosome arms of D. willistoni and D. melanogaster was proposed (Sturtevant and Novitsky, 
1941).  According to these authors, the X chromosome of D. willistoni is the result of the fusion of 
Müller elements A and D (chromosome X and 3L of D. melanogaster), chromosome 2 is the result of 
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the fusion of Müller elements B and C (arms 2L and 2R of D. melanogaster), and chromosome 3 is 
composed by elements E and F (chromosome 4 and 3R of D. melanogaster).  This proposal was 
recently reevaluated by Schaeffer et al. (2008) using physical and genetic markers to anchor the 
genome assembly scaffolds to the polytene chromosome maps of 12 Drosophila species that have 
sequenced genomes.  In that analysis, the scaffolds are oriented and joined on the basis of the 
conserved synteny at the ends of the scaffolds using the location of a single locus or the order of 
genetic marker(s) on the genetic map.  In spite of using new markers on most of the chromosome 
arms of D. willistoni, Schaeffer et al. (2008) point out the paucity of genetic and physical markers 
available in this species resulting in a provisional orientation of the scaffolds.  In addition to the 
aforementioned global analysis, Papaceit and John (1998), using molecular techniques and in situ 
hybridization, mapped several markers on chromosome 3 of D. willistoni to characterize the E-F 
Müller element fusion.  

Since 1998, the laboratory of Drosophila, Evolutionary Genetics Section has been working in 
the isolation of spontaneous mutations in D. willistoni, which were reported in Goñi et al., (2002) and 
Parada and Goñi (2003).  More recently, Soler (Bachelor Thesis, 2012) presented new mutants along 
with relevant linkage data for autosomal mutations of D. willistoni.  We report here a study of the 
formal genetics of D. willistoni:  the collection of a broad spectrum of spontaneous mutations, mostly 
isolated from natural populations, and their linkage relationships. 
 
 
Material and Methods 
 
Flies 

Eighty spontaneous mutants of D. willistoni were analyzed.  The majority of these were 
isolated from isofemale lines or mass mating cultures from natural or laboratory populations collected 
in several localities of Argentina, Brazil, and Uruguay, since 1998.  Wild type strains used: WIP-4, 
from Ilha das Cobras, Bahia, Brazil, 1970, which has been kept in culture for many years, and GDH 
(Guadalupe), a monomorphic strain used in the recent citomap revision and genomic studies 
(Schaeffer et al., 2008)  (obtained by courtesy of Dr. V.L.S. Valente). 
 
Mutant descriptions 

The phenotypes of mutants of D. willistoni (Ferry et al., 1923;  Lancefield and Metz, 1922;  
Poulson and Counce, 1960;  Spassky and Dobzhansky, 1950), D. paulistorum (Malogolowkin and 
Ehrman, 1960, see the revised genetic map of D. willistoni proposed by Dobzhansky and Powell, 
1975), and the classical mutant descriptions of D. melanogaster (Lindsley and Zimm, 1992;  The 
FlyBase Consortium, 2012) were used as a reference for a comparison and aid in the description of 
the new mutants of D. willistoni reported here.  
 
Allelism test 

Genetic crosses between individuals of mutant strains with similar phenotype were done to 
test for complementation in the F1 progeny.  In each experiment, two replicas of each reciprocal cross 
were performed.  In some cases, individuals from wild strains were used in crosses with mutant 
strains to test for the recessive/dominance character of the mutation, or the segregation of more than 
one mutant phenotype from a mutant strain. 
 
Linkage test 

Mutant phenotype criteria affecting adult morphology (wing shape, eye color, eye shape, body 
color, or others) allowed us to select some strains as reference mutations for linkage analysis.  
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Crosses were performed between individuals from reference mutations to unmapped mutations.  For 
each cross the F1 progeny was examined.  Male mutants appearing in the F1 progeny of mutant 
females indicated an X-linked mutation.  If the F1 progeny were all wild type, an F1 × F1 cross was 
performed, and the F2 progeny analyzed.  The presence of four different phenotypic classes indicated 
that the mutant genes are unlinked and thus located on different autosomal chromosomes.  The data 
obtained allowed us to identify the linkage groups of mutants. 
 
Eye color mutant genetic interaction test 

Crosses between individuals with eye color mutations were performed.  The F1 progeny was 
analyzed.  If the F1 was wild type, F1 × F1 cross was done.  The presence of a new eye color in F2 
progeny was interpreted as the occurrence of eye color genetic interaction between the tested 
mutations.  When testing for genetic interactions between eye color mutations that are linked on the 
same chromosome, the presence of a novel eye color in individuals in the F3 progeny was interpreted 
as resulting from crossing over in the previous generation.  In D. melanogaster crossing over is 
restricted to females;  however, two observations suggest the existence of crossing over in males of 
D. willistoni.  França et al. (1968) reported 0.4% recombination between heterozygous inversions in 
males and females of D. willistoni.  More recently, Colares Dos Santos et al. (2004) reported a 
meiotic configuration in spermatocytes, that they interpreted as the result of exchange within the 2LH 
inversion loop in larvae from the wild type (G3) strain collected in the State of Santa Catarina, Brazil. 
 
Experimental conditions 

For mating experiments virgin flies were collected every three hours and mated to young 
males.  In general, virgin females and young males used in the genetic crosses were selected with the 
help of an aspirator.  The progeny were anethesized with triethylamine vapors (Fresia et al., 2002).  
Progeny were scored only up to the 21st day post crossing to avoid overlapping generations.  Wild 
and mutant strains and experimental crosses were maintained at 23-25ºC with standard cornmeal-
yeast-agar media.  
 
 
Results and Discussion 
 

The detailed list of (new) mutants and alleles is presented below.  It includes relevant 
information concerning genetic interaction of eye color mutants, e.g., the observed interaction 
between brown and cardinal mutations, and others (Table 1, Figure 1) that were evaluated, among 
other genetic data to construct the linkage groups.  

This list includes data on 42 mutations:  twenty-one map on chromosome 2, fifteen on 
chromosome 3, and only six map on the X chromosome.  The X linked loci include new white 
mutants and yellow alleles.  Chromosome 2 linked mutants include some mutations that were 
previously mapped by Spassky and Dobzhansky (1950), brown and plexus, and new mutations with 
good homology with D. melanogaster: blistered, cinnabar, eye absent, jaunty, orange, purple and 
speck.  Chromosome 3 linked mutants include several new mutations: blistery, claret, ebony, glass, 
hedgehog, kayak, rough, rosy, and spineless.  Some of these mutants are shown in Figure 2.  At 
present, the genome sequence of D. willistoni and the sequence annotation in D. melanogaster (see 
FlyBase, Dmel annotation version 4.3) provide information of orthologous genes for most of these 
autosomal mutations.  In the case of cinnabar, the only information available is the annotated 
transcript of D. melanogaster.  The linkage data of new mutants reported here along with the 
availability of new mutant strains provide an opportunity to review the genetic and physical map of 
D. willistoni. 
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Table 1. Genetic interaction of eye color mutations in D. willistoni. 
 

Mutants /  
chromosome linkage Eye color Mutant alleles tested 

Chromosome X ; 2   

  w ; cn Dull light red, colorless ocelli w EM1.00, cn SM35.00 
Chromosome 2 ; 3   
 amy ; cd  Light reddish in young flies amy RNL1.00, cd SG12.00 
 bw ; cd  White in young flies to blotchy brownish in 

old flies 
bw SG23.00, cd SG12.00 

 cn ; ca Apricot cn SM35.00, FA2.02, ca 98e3.98  
 cn ; ma Light apricot cn SM35.00, FA2.05, ma FA1.05 
 cn ; ry Light creamy-apricot cn FA22.05, ry SS48.00 
 dke ; cd Bright reddish at eclosion dke TB28.02, cd SG12.00 
 or ; ca  Dull apricot, colorless ocelli or FA7.05, ca ES13.99, 98e3.98 
 or ; p  Yellowish apricot or FA07.05, p FA33.05 
Chromosome 2   
 bw cn White, colorless ocelli bw SG23.00, Q51.F13, cn SM35.00, Q51.F13 
 cn or Dull yellowish orange at eclosion, light 

brownish in old flies, colorless ocelli 
cn FA2.05, or FA7.05 

 cn pr Dull apricot at eclosion, colorless ocelli. cn FA2.05, pr Ey3.99 
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Figure 1.  Photomicrographs of the eye color interaction seen in crosses 
between brown (bw SG23.00) and cardinal (cd SG12.00).  From left to right are F2 
individuals as follows:  cardinal, white eye color (young fly), creamy-white 
eye color (older fly), and brown.   

Figure 2.  Photomicrographs of selected spontaneous mutations of D. 
willistoni described in this article:  (a) wild type, (b) jaunty, (c) ebony, (d) 
hedgehog, (e) kayak, (f) glass, and (g) plexus. 
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Here we describe 20 novel spontaneous mutations in Drosophila simulans and provide updates of 
mutations previously reported. 
 
New Mutants 
 
1- jagged1 (jgg1) 
ORIGIN:  Isolated in April 2012 from the stock Tabacón. 
PHENOTYPE:  recessive, wings divergent with severe notches along the wing margin or extremely 
reduced wings.  Sometimes the longitudinal veins are interrupted.   
LINKAGE:  1-95.5 

http://www.kluweronline.com/art.pdf?issn=0967-3849&volume=6&page=49�

