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Asexual female

Sex is evolutionarily expensive, so the question is, why did it evolve and how could it
be maintained?

(Colegrave (2012) EMBO Reports)



Genetic Polarization of an Asexual Population

Progenitor Class (P) ¢ Living Dead

- Potentially self-sustaining -- All lineages from extant individuals are
lineage diminishing toward eventual extinction
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In asexual population, the ratio of harmful mutations increases, and these can
not be fixed easily.
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Advantageous mutations can spread easily in a sexually reproducing
population, which could be advantageous for adaptation.

- the females of the Brachionus calyciflorus
rotatoria species can reproduce both sexually
and asexually

- they use the former when the environment is
rapidly changing and the latter when the
environment is more homogenous
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(Beck és Agrawal (2010) Nature)
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- When more environmental parameters become
variable, the number of sexually produced zygotes
increases.

(Lujckx et al. 2017 PNAS)



Total fitness increase (%)
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Sexually reproducing yeast populations have
higher fitness than asexually reproducing
ones.

Different mutations appear at the same rate in
asexual and sexual populations, but the rate
of fixation is very different: in clonal species
the ratio of fixed mutation types is more or
less the same as they appear, whereas in the
case of sexual reproduction mainly non-
synonym mutations get fixed.
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(McDonald et al. 2016 Nature)
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Therefore in clonal reproduction harmful mutations can get fixed, when they segregate together with
advantageous ones, decreasing overall fitness.

(McDonald et al. 2016 Nature)



Females Males

Offspring Current Biology

If there are more females than males in a population, the average female will
be less successful, therefore the mothers who have more boys will have an

advantage in the terms of selection (and vice versa).

As the total contribution for reproduction of the two sexes is equal, the sex
with less individuals will be more sought after, and therefore successful —
thus the alleles that promoted the formation of the given sex will spread

more widely. This creates an equilibrium.
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- The identity of somatic cells is independent of the gonads.

(Zhao et al. (2010) Nature)
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The genetic control of gonad-differentiation in adult
mammals
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- Loss of Dmrt1-function induces Sertoli -> granulosa transdifferentiation in the adult testis.

(Matson et al. (2011) Nature)
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- the chimp Y chromosome has only 2/3 as many genes and gene families as its
human counterpart, and only 47% of protein coding elements

- 30% of the chimp chromosome can not be aligned to the human Y (whereas for the
whole genome this value is ~2%)
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In placental mammals X/ST, while in marsupials RSX
_ _ (RNA on the silent X) is involved in XCI.

In parallel with the degradation of the proto-Y

chromosome, the expression of Y-derived - The level of XCl is different in different species — green
genes on X chromosome gets stronger and bars denote escaper genes. (In humans 15% of genes
finally is counterbalanced by XCI. gets transcribed, in mouse only 3%.)

(Graves 2016 Nat Rev Gen)
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Retrogenes from X chromosome get expressed more often in testes than other, testis-
specific retrogenes. Therefore it is likely that there was strong selection to preserve them
to compensate for MSCI.
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A X v B X Y

Ancestor Ancestor

X Y X Y X Y X Y

Aedes aegypti Anopheles gambiae Aedes aegypti Anopheles gambiae

If the common ancestor of Ae. aegypti and An. gambiae had homomorphic sex chromosomes (Figure 1A), there should be an
excess of retrogene movement off the X chromosome in An. gambiae only after the divergence of the two lineages (i.e., since An.
gambiae evolved a differentiated X chromosome). In contrast, if the common ancestor had fully heteromorphic chromosomes

(Figure 1B), then our prediction is that there will be an excess of gene movement off the An. gambiae X on both the shared
ancestral branch and the Anopheles-specific branch after the split with Aedes.

(Toups and Hahn (2010) Genetics)
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The length of the dorsal spine and the aggressive courting behaviour are both

encoded on LG9.

(Kitano et al., 2009 Nature)



Oreochromis karongae

Oreochromis mossambicus
Oreochromis niloticus
Oreochromis aureus
Tilapia mariae

Tilapia zilli

B Female heterogametic (ZZ-ZW)
- Male heterogametic (XX-XY)
- Competing systems (ZZ-ZW and XX-XY)

(Mankd and Avise (2009) Sex Dev)



- The “orange blotch” phenotype is advantageous for females, increases their
survival, but is disadvantageous for males as it destroys their trademark nuptial
colors.

(Roberts et al. (2009) Science)
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(Roberts et al. (2009) Science)



- Theory suggests that the genetic conflict arising from antagonistic seection
can be resolved by the sex-linked inheritance of the allele.

This is what is happening:

- The OB allele is linked with the sex-determination factor (W) and both of
them are in LG5

- There are very few OB males: in fact these are genetically females (they do
have the W factor), just due to environmental stimuli they develop as males.

(Roberts et al. (2009) Science)
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- Genetic markers close to the SEX locus are similar in different species
=> most likely there is a small genomic region associated with sex-
determination which can translocate to other chromosomes.



Female genotypes: XX, XW, YW
Male genotypes: XY, YY

Melanoma-inducing Sex-determining
oncogene locus Puberty locus

Macromelanophore- l Red-Yellow l Epidermal growth l

determining locus pigmentation locus factor receptor B gene

v v v

Mdl Xmrk RY SD egfrb P
Y .

X E——— - -
Wl

Possible explanations:

1. SD = male sex-determination factor, with only the Y allele being active.
X is inactive and W is a specific supressor of SDY.

2. Dosage effect: Y chromosome has two copies of the gene, X has one
and W has none.



The tegu’s example
shows that this can be
avoided, with the
special segregation of
sister chromosomes.

(Lutes et al. (2010) Nature)

Generally, in parthenogenetic species the amount of
heterozygosity decreases over time.
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Matt Ridley: The Advantage of Sex
http://www.pbs.org/wgbh/evolution/sex/advantage/

Current Biology - Biology of Sex Special Issue
http://www.cell.com/current-biology/issue?pii=S0960-9822%2806%29X0354-8

Nature Scitable - Chromosomes and Cytogenetics
http://www.nature.com/scitable/topic/chromosomes-and-cytogenetics-7

Strachan and Read: Human Molecular Genetics 2
http://www.ncbi.nIm.nih.gov/bookshelf/br.fcgi?book=hmg&part=A1680

Gilbert: Developmental Biology (9th Edition) - Chapter 14: Sex Determination
http://9e.devbio.com/chapter.php?ch=14
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(Yoshimoto et al. (2010) Development)
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- az Y kromoszéman kodolt Sly fehérje a szex kromoszomakhoz
kotbdik és ez szerepet jatszik az inkativaciojukban

- a here specifikus gének ezért duplikacién mentek at, hogy meg tudjak
tartani (0ssz)expresszios szintjuket

(Cocquet et al. (2010) PLoS Bio)



A nemek kozti evolucios verseny is magyarazza a
kromoszomak osszeteételét

-William Rice kisérlete (1996, 1998): Drosophilaban olyan rekombinaciéo mentes
rendszert hozott Iétre, ahol a teljes genetikai allomany Y kromoszomaként mikodott
(egy kuls6 pool-bdl biztositotta a néstényeket)
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(Rice (1998) PNAS)



-ennek az ara azonban a néstény fitness csokkenése
volt
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(Rice (1998) PNAS)



