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Drosophila species differing in sex comb morphology.

Mittleman, Briana E., Amanda B. Abrams, and Mohamed A.F. Noor. Biology
Department, Duke University, Durham, NC, USA; bem29@duke.edu.

Introduction

Sex combs are secondary sex characteristics located on the first and second tarsals segments in males
of some Drosophila species. They are characterized by a set of one or two modulated transverse bristle rows
which point distally, and are oriented along the proximo-distal axis of the prothoracic legs. Sex combs can
influence male mating success (e.g., Ng and Kopp, 2008). While sex combs may have originally evolved for
pushing female wings apart prior to copulation, the combs are now used for varying purposes across
Drosophila subspecies (Spieth, 1952). For example, in the obscura group, sex combs aid in the abdominal
attachment of the male to the female. When sex combs have been reduced, copulation rates have consequently
dropped (Spieth, 1952).

Dramatic phenotypic variations exist in sex comb morphology between species of Drosophila, but the
genetic underpinnings of this variation are still poorly understood (Graze et al., 2007). In this study, we focus
on three species in the obscura group of Drosophila differing in the number of sex comb rows per foreleg and
number of teeth per comb. Figure 1 illustrates the variation in sex combs of the species examined here. D.
subobscura males have large sex combs on both the first and second tarsal segments, with the combs lying
perpendicular to the tarsus (Beckenbach and Prevosti, 1986). D. pseudoobscura have smaller sex combs on
both segments than D. subobscura (Beckenbach and Prevosti, 1986). Finally, D. azteca has a still smaller sex
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comb, bearing only 4-5 teeth (Sturtevant and Dobzhansky, 1936), with only a single comb on the tarsal
section. Sizes of sex combs vary within species as well.

The Sex combs reduced (Scr) gene influences the
development of sex combs (Kopp, 2011). Here, we
examine DNA sequences of Scr to infer types of selection
operating on the coding region using the ratio of
nonsynonymous to synonymous differences within vs.
between species. Our ultimate goal is to assess the
genetic and evolutionary contribution Scr may have had

/ on sex comb morphology in D. subobscura, D.
i pseudoobscura, and D. azteca.
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Methods

Stocks:

D. azteca strains used were MSH4 and MSH?7, collected from Mt. St. Helena (MSH), California in
2013 by A. Hish. D. subobscura strains used were MSH12, also collected from Mt. St. Helena, California
(MSH) in 2013, and Seattle, Washington 6, collected in 2011. Scr sequences of 11 D. pseudoobscura strains
were extracted from the genome sequences in McGaugh et al. (2012) and are available online in Pseudobase
(http://pseudobase.biology.duke.edu/): refer to website for original stock/ collection details.

DNA isolation:

We isolated genomic DNA from D. subobscura and D. azteca using a standard fly squish protocol
(Gloor and Engel, 1992). The Scr gene was amplified via PCR wusing primers (5 -
CCTGCTATCCGCAGCAGATGAATC - 3’) and (5’ - CCAGGACTGTGCATCGGGAC - 3’) in 25ul
reaction, amplifying a region of approximately 850 bases from the largest exon. The sizes of the PCR
products were confirmed on a 1% TBE agarose gel. Samples were purified using EXoSAP-IT (Affymetrix)
reactions. The samples were sent to Eton Bioscience for sequencing and submitted to GenBank as accessions
KM596822-KM596825.

Data Analysis:

Sample DNA sequences were aligned with the Scr sequences from D. pseudosoobscura from
McGaugh et al. (2012) using the ClustalW program in BioEdit (Thompson et al., 1994). Analysis was
performed using DNAsp (Rozas and Rozas, 1999). A McDonald Kreitman (1991) test and Ka/Ks calculation
(Nei and Gojobori, 1986) were done to compare sequences of each pair of the three species and test for
evidence of natural selection.

Results
Results of the McDonald Kreitman test are presented in Figure 2. No within-species nonsynonymous

variation was detected in the region of Scr we examined, and only 2-3 nonsynonmous variants differentiated
the species studied. No significant difference was observed in the nonsynonymous to synonymous ratio within
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vs. between species. Similarly, Ka and the Ka/Ks ratio were very low (Table 1), indicating strong purifying
selection but not showing any clear signal of positive selection on the coding regions of Scr.
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Figure 2. McDonald Kreitman test results.
Table 1. Estimates of Ka, Ks, and Ka/Ks in interspecies comparisons. Discussion
D. subobscura—  D. subobscura — D. azteca — While the three Drosophila
D. azteca D. pseudoobscura D. pseudoobscura species studied vary dramatically in sex
Ka 0.0079 0.0087 0.0087 comb morphology, our analysis indicates
Ks 0.237 0.221 0.225 strong selective constraint but no
Ka/Ks 0.028 0.034 0.018 statistically significant signal for positive

selection acting on coding sequence
variation in the first exon of the Sex combs
reduced gene. Despite this result, our analyses cannot completely rule out three means by which Scr variation
may still affect sex comb variation in these species: 1) via the small amount of nonsynonymous variation
observed in our sequences, 2) via differences in the other (much smaller) exon of this gene, or 3) via
noncoding regulatory differences among these species. Other genes have also been implicated in sex comb
diversity either via correlations in expression (Kopp, 2011) or genetic mapping (Graze et al., 2007). Future
research can focus on these amongst other possibilities.
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