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How well can we explain the genetic system?

Very well

! . . |
Sex ratios of 1/2 (C. Duesing, 1884, W. D. Hamilton, 1967)
Degeneration of Y chromosomes (B. Charlesworth, 1978; Orr, 1998)
Anisogamy and sexual dimorphism (Parker, Baker, and Smith, 1972)
Recombination

(Fisher, 1930; Muller, 1932; Sturtevant and Mather, 1938)

Diploidy
Mutation rates

\

Poorly
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Sexdeter mination systems

1. XX-XY Like us: XXis female, XYis male
Who: Many of the dioecious angiosperms ( o wering plants), many

animal species, including most vertebr ates.

X Y
X | XX XY
X | XX XY

2. ZW-ZZ. Thereverseof us: ZW is female, ZZ is male.
Who: some atwor ms, some crustaceans, some insects, especially

lepidopter ans and some dipter ans, some sh, some amphibians ,
some lizards, most birds.

W | ZW VA
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More sex deter mination systems

3. XX-XO Like XX-XYbut with no Y chromosome at all. In males half
the gametes get the X, half get no sexchromosome. (Not the same

as haplo-diploidy : the rest of the chromosomes are nor mal).
Who: Many insects

X O
X | XX XO
X | XX XO

4, XX-XY 1Yo An XX-XYsystem but with two Y chromosomes that
pair with the X (each with one end of it). They segregate together,
with the X going to the other pole.

Who: most notable example is the muntjak deer.

X Y1Y2
X | XX XY1Y5

X | XX XXY1Y>
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Yet mor e sexdeter mination systems

5. Arrhenotoky Haplo-diploid sexdetermination. Malesare haploid,
females are diploid. Unfertiliz ed eggsare haploid. There are no sex
chromosomes (or elseyou could saythey all are).

Who: Hymenopter a (ants, bees, wasps), thysanopter a (thr ips),
mites and ticks, many rotifers

haploid sperm (no sperm)
haploid egg | diploid haploid

6. Environmental sexdetermination. No sexchromosomes. The sex
of an individuals is determined by the environment when it is

developing.

More if: better nutr ition nematodes (roundwor ms)
) colder temper atures lizards, alligators

hotter temper atures most turtles

extreme temper atures snapping turtles, crocodiles
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And yet mor e

7. Sequential hermaphr oditism. Sart life asone sex(usually male)

and switch later.
Who: oysters, shrimp, and some sh.

8. Self-sterility systems. In some angiosperms ( 0 wering plants)
there are multiple alleles at alocus, that allow pollen to succeedin
fertilizing only if it

= It does not contain the same allele at that locus asthe female
ovule (gametophytic self-sterility)

= |t does not contain the same allele aseither found in the
female (sporophytic self-sterility)
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The evolution of the sexratio

In awork (usually mistakenly attributed to R. A. Fisher, 1930and called
“Fisher'stheory of the sexratio”), Charles Darwin (Desent of Man
(1871), 1stedition only) and Carl Dusing (1883 and 1884) put forward the
moder n theory of why sexratios tend to be 1:1:

The females as a whole and the males as a whole contr ibute
equally to the next generation, and to the ancestry of all futur e

generations.

If one sexis in short supply, an individual will contribute more
to the futur e gene pool if it is of that sex (as then it is a bigger
fraction of that half of the gene pool).

Dising, C. 1884. Die Regulierung des Geschletsverhaltnisses bei der
Vermehrung der Menschen, Tiere und P anzen. Fischer, Jkna.
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Should one “want" to be a member of the minor ity sex?

Consider an allele that affects the probability that its bearer is a female.

females males
aa | 100,000 50,000
Aa 100 100

200
300, 400

Frequency of the A allele, counting copies of genes
100

Frequency of Aamong everybody = = 0:00066578

f les: = = 0 4
among females 500200 0:0004955
100
among males: = 100200 0:000998

The frequency of A among all offspring in the next generation is the
average of these two numbers, which is 0:0007487% an incr ease
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Adriven Y chromosome —anightmar e scenario

Suppose thereis aY chromosome that causesall offspring of a mating to
be Y-bearing males, without reducing the total number of offspring. We
then expect, if p of the males have this Y* chromosome, in the next
generation, the total fraction of offspring will be:

males: 21 p+p
females: 3(1 p)

(since the Y*'sfrom the driven males will all goto male offspring, and
there will be twice as many of these from those parents) and the
frequency of the Y*chromosome among Y's should follow the equation:

Pt
21 p)+p

Pt+1 =

while the fraction of females among the offspring in generation t will be

")
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Frequency of a meiotically driven Y chromosome

Here are values, starting at 0.01frequency of Y*among Y's:

generation

P

fraction of females

©OCooO~NOOOUITDWDNPEO

The population is evolving its way to extinction!

0.01
0.0198
0.03883
0.07476
0.13913
0.24427
0.39364
0.56387
0.72113
0.83797
0.91184
0.95389
0.97640
0.98806
0.99399

0.5
0.495
0.4901
0.4805
0.4626
0.4304
0.3779
0.3037
0.2181
0.1394
0.0810
0.0441
0.0231
0.0118
0.0059
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A meiotically driven way evolvesto extinction
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Muller 's ratchet

Suppose we have a population Suppose genetic drift loses the chromosome(s) with
in which chromosome copies have no deleterious mutations:
deleterious mutations

—

— LThis one has i

no mutations B

T

T

:
L

The population can recover "wild-type" chromosomes by recombination.
Otherwise it has to wait for reverse mutation. The ratchet has moved one notch.

Gradually the mutations accumulate. Ev olution  of genetic systems { p.12/22



Major explanations for the evolution of recombination

1. It createsvariation (Eastand Jones, 1919). Unfor tunately it is easy
to show that it destroysjust asmuch variation, sothis one doesn't

even work: For example (in a haploid)

Createsvariation

Destroys variation

Phenotype Parents Offspring || Phenotype FParents Offspring
2 AB 2 AB AB
1 Ab aB Ab, aB 1 Ab, aB
0 ab 0 ab ab

2. It breaksdown random linkage disequilbr ium which slows down

responseto selection (Fisher, 1930;Muller, 1932; Muller, 1958,
1964) M ajor variants:

- Fisher and Muller's argument that recombination allows
advantageous mutants to getinto the same descendant.

- “Muller's Ratchet", that recombination allows deleterious

mutants at many loci to be eliminated even when haplotypes
that have no deleterious mutants have been lost by genetic

drift.
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mor e theor ies of evolution of recombination

3. (continued:)

- Surtevant and Mather's (1938) argument that recombination
helps the patter n of linkage disequilibr ium change rapidly in
responseto changesin the patter n of multi-locus selection.
This has been the basis of Hamilton 's “parasites and sex"
explanation.

4. Michod and Bernstein's argument that recombination is not
needed for long-ter m evolutionar y reasons, but is a byproduct of a
system for repairing double-str anded breaksin DNA.

Many other explanations reduce to one or another of these (e.g.
Williams 's “sibling competition" scenario or Bell's “tangled bank"
scenario). They are in effect biological scenarios in which these
combinations of evolutionar y forcesact.
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John Maynard Smith (1920-2004)
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The cost of sex

Clonally reproducing Outcrossing

female female female male

€9
06 &

Note what has happened: where there were equal numbers of the two
kinds of individuals before, now there are 2/3 of the clonal reproducers.
Basically the outcr ossersare wasting half their offspring producing
males.
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The Fisher-Muller theory

no recombination

G |

abcd

aBCd

aBcd
abCd ‘

with recombination

abcd
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The Stur tevant-M ather argument

Suppose that in one period the population favors haploid genotypes AB and ab:

AB 1.0
Ab 0.9
aB 0.9
ab 1.0

Then the population will, if there is no recombination, become composed almost
exclusively of AB and ab genotypes:

AB and ab
haplotypes are
eliminated by
natural selection

but will not become so well-adapted if there is recombination:
Ab and aB are

continually
produced by
recombination
In this case
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(cont'd)

... but in another period soon after, selection favors Ab and aB:

AB 0.9
Ab 1.0
aB 1.0
ab 0.9

the population without recombination will have a hard time getting Ab and aB

Ab and ab

are not created by
recombination

in this case

but the case with recombination is better adapted during this period

Ab and aB
are re-introduced
by recombination
in this case
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W. D. Hamilton (1936-2000)
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Hamilton 'sscenario for the Stur tevant-M ather mechanism

or: “Sex and parasites"
Suppose there are two kinds of parasites:

Parasite #1 Parasite #2
Genotype
AB grows can't grow
Ab can't grow grows
ab can't grow grows
ab grows can't grow

Then when parasite #1 is widespr ead and Parasite #2 is rare, AB and ab
are favored. Once they become common, Parasite #2 spreadsand
Parasite #1 declines.

Then Ab and aB are favored. Asthey become common Parasite #2
declines and Parasite #1 spreads.

This provides a biological scenario for the Surtevant-M ather
mechanism.
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How it was done

This projection produced

using the prosper style in LaTeX,

using Latex to make a.dvi le

using dvips to turn this into a Postscript le ,
using ps2pdf to make a PDF le , and
displaying the slides in Adobe Acrobat Reader.

Result: nice slides using freeware.
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