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Sex specific dominance reversal maintains genetic variation for fitness in

Drosophila melanogaster .

Natural selection is a relentless force which drives beneficial alleles to
fixation and eliminates deleterious ones. With the dynamism natural
selection imposes, explaining the maintenance of genetic variation for
fitness is an ongoing challenge in evolutionary biology [1]. Mutation-selection
balance provides a partial explanation for this phenomenon, however it does
not describe the extent to which genetic variation is produced [1]. Strong
evidence demonstrates that balancing selection can maintain stable
polymorphisms through sexually antagonistic selection, where separate
sexes endure opposite fitness effects from the same alleles [2, 3].
Accordingly, opposite sex individuals are in a tug-of-war over optimal traits,
allowing separate alleles to be maintained in the population, preventing
fixation [3]. Recently it has been proposed that the ability of sexually
antagonistic selection to maintain genetic variance in fitness is augmented
by the presence of sex-specific dominance reversal (SSDR), where alleles
which promote fitness in one sex, are dominant in that sex [4, 8]. On
sexually antagonistic loci, it has been theoretically demonstrated that
unequal dominance between the sexes causes a concavity in fitness
functions near the optima, as the fitness of a heterozygote in each sex is
closer in fitness to the more fit homozygote of that sex [5]. Consequently,
the allele that is favoured in a sex is dominant in that sex, thereby
maintaining alternative alleles for selection to act upon [5]. This theoretical

data has recently allowed for the application on animal models.
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Sex-specific dominance of sexually antagonistic alleles is predicted to
ameliorate the fitness effects of intralocus sexual conflict, therefore
dominance reversal likely plays a significant role aiding species displaying
higher levels of sexual conflict [6]. The first empirical example of SSDR was
investigated at a single major-effect locus controlling age at maturity of
salmon. At this locus, sex-dependent dominance was found to reduce sexual
conflict and maintain genetic variation [7]. In a more comprehensive study,
Grieshop and Arnqgvist [8] used a quantitative genetic approach, where a full
diallel cross among isogenic strains of seed beetles was used to account for
the polygenic nature of fitness. The study revealed genome-wide SSDR for
sexually antagonistic loci affecting fitness, and presented an exciting
opportunity to reproduce their experiment using an organism of higher
complexity. Drosophila melanogaster has been found to exhibit ample
sexually antagonistic variation, making ita respectable candidate to measure
SSDR in maintaining genetic variance for fitness [5]. We hypothesize that
SSDR is occurring on sexually antagonistic loci of D. melanogaster, and
contributes in the maintenance of genetic variance for fitness. This is an
important area of research and empirical data is limited, making it essential
that dominance reversal for fitness is studied for the first time in D.
melanogaster . In addition to answering an enduring enigma, this study may
uncover a novel phenomenon of masking intralocus sexual conflicts in D.

melanogaster [6].

The best way to test this idea is to perform a full diallel cross, following the
approach taken by Grieshop and Arnqvist [8]. This technique is ideal as it
probes the maintenance of genetic variance in fitness by subdividing
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phenotypic variance into additive genetic effects, parental effects,
dominance, and epistasis [8]. Additionally, by using the full diallel cross and
testing for SSDR, sexually antagonistic balancing selection can be
distinguished from other forms of balancing selection [8]. To generate inbred
lines, we will follow the experimental protocol outlined by Mallet and
Chippindale, and use a ‘ clone generator’ system of markers and
chromosome translocations [9]. Using D. melanogaster from an outbred
stock population maintained on a specific selection regime for roughly 30
years, hemiclone lines will be produced using * C' males of an unknown
genotype crossed with virgin clone generator (CG) females. A single male
progeny is selected to be crossed again to a virgin CG female thus fixing a
genomic paternal haplotype, which will be maintained by crossing hemiclone
males to CG females. To generate inbred lines, a hemiclone male is crossed
with a virgin wildtype C female with an unknown genotype. Virgin daughters
produced will be crossed to hemiclone males, and the procedure is repeated
6 times to generate inbred lines for the given haplotype. Each successive
cross increases the quantity of genes identical to the original haplotype by

50%, allowing isogenic strains by 6 generations [9].

The surviving inbred strains will be subject to a full diallel cross, where F 1
offspring will be analyzed for sex specific competitive lifetime reproductive
success (fitness) [8]. F 1 male and female fitness will be assayed separately
using same sex competitors with a specific visible marker. As a precaution,
the experiment will be initiated using 100 lines to account for the loss of
strains over multiple generations of inbreeding. It is anticipated that the
fitness variance of the inbred lines of D. melanogaster is largely determined

https://assignbuster.com/sex-specific-dominance-reversal-maintains-genetic-
variation-for-fitness-in-drosophila-melanogaster/



Sex specific dominance reversal maintain... - Paper Example Page 5
by polymorphisms under sexually antagonistic selection opposed to mutation
selection balance [8]. Predictions also entail a negative correlation for

dominant alleles for fitness amongst male and female flies.

If executed, this study has the potential to produce novel data indicating that
SSDR contributes in maintaining genetic variance for fitness in D.
melanogaster . This analysis may bring knowledge on balancing selection
one step closer to resolving the enigma of outstanding genetic variance.
Furthermore, if the hypothesis is upheld, it will provide a basis for further
tests of SSDR in more complex organisms, and give evolutionary biologists a

better understanding of how genetic variance for fitness is maintained.

Citations

1. Charlesworth B, Hughes KA. (2000). The maintenance of genetic
variation in life-history traits. In: Singh RS, Krimbas CB, editors.
Evolutionary genetics. Cambridge: Cambridge Univ Press. p. 369-392.

2. Connallon, T. & Clark, A. G. (2014). Balancing selection in species with
separate sexes: insights from Fisher’s geometric model. Genetics 197,
991-1006.

3. Prasad, Bedhomme, S., Day, T., & Chippindale, A. K. (2007). An
Evolutionary Cost of Separate Genders Revealed by Male-Limited
Evolution. The American Naturalist, 169 (1), 29. doi: 10. 2307/4122261

4. Kidwell JF, Clegg MT, Stewart FM, Prout T. (1977). Regions of stable
equilibria for models of differential selection in the two sexes under

random mating. Genetics . 85(1): 171-183.

https://assignbuster.com/sex-specific-dominance-reversal-maintains-genetic-
variation-for-fitness-in-drosophila-melanogaster/



Sex specific dominance reversal maintain... - Paper Example Page 6

5.Fry, J. D. (2010). The Genomic Location Of Sexually Antagonistic
Variation: Some Cautionary Comments. Evolution . doi: 10. 1111/j.
1558-5646. 2009. 00898. x

6. Spencer, H. G., & Priest, N. K. (2016). The Evolution of Sex-Specific
Dominance in Response to Sexually Antagonistic Selection. The
American Naturalist, 187 (5), 658-666. doi: 10. 1086/685827

7.Barson, N. J., Aykanat, T., Hindar, K., Baranski, M., Bolstad, G. H., Fiske,
P., ... Primmer, C. R. (2015). Sex-dependent dominance at a single
locus maintains variation in age at maturity in Atlantic salmon. Nature,
528, 405-408. doi: 10. 1101/024695

8. Grieshop K, Arnqvist G (2018) Sex- specific dominance reversal of
genetic variation for fitness. PLoS Biol 16(12): e2006810. https://doi.
org/10. 1371/journal. pbio. 2006810

9. Mallet, M. A., & Chippindale, A. K. (2011). Inbreeding reveals stronger
net selection on Drosophila melanogaster males: implications for
mutation load and the fitness of sexual females. Heredity , 106 , 994-

1002. Retrieved from www. nature. com/hdy

https://assignbuster.com/sex-specific-dominance-reversal-maintains-genetic-
variation-for-fitness-in-drosophila-melanogaster/



	Sex specific dominance reversal maintains genetic variation for fitness in drosop...

