Genetic Drift

» Genetic drift istherandom, stochastic changein allele
frequency from one gener ation to the next due to sampling
errorsin afinite population.

) Genetic Drift Introduction

A) Probability of allele frequency change.

» For asmall, finite population the probability of changing
significantly in allele frequency islarger than in alarge
population.

Remember binomial expansion:
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The probability of fixation of aallele (i.e., i = 2N):
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Selection Simulations: http://gsoft.smu.edu/GSoft.html

PopBio Simulations: http://academic.r eed.edu/biology/Softwar e.ntml

These are also available on the web page aslinksto the programs
(sorry, | think they are Macintosh only).
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B) Drift asInbreeding —the overall effect of drift can be viewed as
inbreeding or the probability of autozygosity.

> N individuals contribute 2 gametes to the next generation

» Drawing 2 alleles from the gamete pool with replacement,
there aretwo waysto produce an autozygous zygote

the probability of drawing the same allele twiceis 2_1N
The probability of drawing two different allelesis
1- %u _The probability that the different alldeis

identical by descent (IBD) tothefirstisF (i.e., the
inbreeding coefficient we discussed earlier).

» The probability then that two alleles drawn from a pool are
IBD is:
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The probability of not being autozygous| isthen'
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Or for any generation t:
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In an Infinite Allele M odel the probability of not being IBD isalso the
probability of being heter ozygous, so:

H, = Q'M :

With drift, heterozygosity isreduced by 1 — %\I every generation.

OH 12.1
An effective population size of at least 50 is necessary to maintain
genetic variation with drift.
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C) Drift asa Diversifying For ce —the same action that resultsin drift
acting to decr ease heter ozygosity within single populations, results
in multiple, isolated (completely or partially) to diverge.

1) If we start with many populationsall at p = 0.5 and allow
only drift, ultimately (regardless of population size — speed),
half of the populationswill fix for one allele and half will be
fixed for theother. In other words, drift increasesthe
variance between the populations over time.

OH 12.2, 12.2A, 12.2B

D) Drift — Mutation Equilibrium —just aswith selection, mutation
and migration, thereisan equilibrium between mutation and drift
and the standard assumption becomes a Selection — M utation —
Migration — Drift Equilibrium.
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> Aswe' ve seen before, if heterozygosity is decreased each
generation regardless of the size of the population, all
populations should be homozygous given enough time.

Remember the probability of Autozygosity is:
1 & 160

Fioi= =— +cl- —=F,
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Adding mutation:
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Where (1 -p)?isthe probability that neither, autozygous allele has
mutated

An equilibrium exists between mutation and drift in that mutation acts
to increase heter ozygosity and drift actsto decreaseit.

~ (1- m? -
F= ( n) » 1 and H = ANm
ANM+1 4Nm+1 ANmM+ 1
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I1) Genetically Effective Population Size (N,)

» Census Population Size—number of individuals counted or
estimated based on observed count number

» Evolutionary (or Genetic) Effective Population Size—the
number of individualsin an theoretically ideal population
that would have the same magnitude of genetic drift (or
increase in inbreeding) asthe observed population.

» Evolutionary Effective Size = Census Size (usually <<).
A) Threetypes of Evolutionary Effective Population Sizes

1) Inbreeding Effective Size —this estimate usesthe changein
theinbreeding coefficient (F) to estimate the size.

2) Variance Effective Size —this estimate uses the change in
thevariancein allele frequency to estimate the size.

3) Eigenvalue Effective Size —this estimate usestherate of loss
of heterozygosity to estimate the size.

B) Inbreeding Evolutionary Effective Population Size — Sever al
different population parameters can make the EEPS < Census
size.

1) Different Sex Ratios—when the sex ratio isnot equal,
offspring can be half — sibs of each other.

» HereN,isthe probability that two gamete allelesare
from the same grandparent.

Consider a population with equal sex ratio:
P(male) = 0.5 and P(female) = 0.5

In any generation, the probability that a zygote carries homologous
chromosomesin the GRANDPARENT generation is:

P(male) and P(male) = P(0.5) X P(0.5) = 0.25
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P(male) and P(female) =2 X P(0.5) X P(0.5) =0.5
P(female) and P(female) = P(0.5) X P(0.5) = 0.25
Given one, male gamete, the probability a copy of that gameteis

selected again is: Ni Given one female gamete, the probability a

M

copy of that gameteis selected again is: i.

Combining the probabilities:
The probability that the homologous chromosomes for ming a gamete
1

. The

are both from malesand are both from the same maleis:
M

probability that the homologous chromosomes for ming a gamete are

both from females and are both from the samefemaleis:

1 1
+

AN_ 4N

1
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_ AN(N,,
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2) Variation in Fecundity —The assumption in the
Wright—Fisher model of genetic drift isthat offspring are
produced accor ding to a Poisson distribution. When thisis
not the case, someindividuals can be over represented in
the next generation. In the special case of adiploid
or ganism with constant population size with a mean
contribution per individual is 2 gametes:

Ne=4N- 2
V, +2

k

whereV, isthevariance in number of gametes.
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If thedistribution is Poisson, then the probability that gametes come
from a particular parent follows the binominal distribution and the
variance in the number of gametesis:

2(N- 1)

V= N

Substituting we can see:

Ne:4N—2

V, +2

__4AN-2  _4aN-2_ . . N
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N N
N, =N

Alternatively if V, = 0.0 (i.e,, all individuals have exactly the same
number of offspring as can bethe case in some captive breeding
programs):

N, » 2N

a) Selection — Effective Population Size Paradox —when
selection is operating, thisis (by definition) avariancein
the number of offspring contributed to the next
gener ation so the effective populations sizeisreduced.
The greater the variance in fecundity (or fitness) the
smaller the effective population size. Therefore, asthe
strength of selection increases, so does the magnitude of
the effect of drift.
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3) Variation in the Population Size —with most of our models
we dealt with a stable population size. When population size
varies from one generation to the next, thiswill reduce the
effective population size relativeto the census size.

N =

e

1 (i.e., the harmonic mean)
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Sum 94,639
With t,: AM = 8,603.55, HM = 108.84
Without t;: AM =9,462.90, HM = 9,374.82
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Population size can change in two ways:

a) Bottleneck — populations experience a sever reduction in
population sizein the current range
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1) Bottlenecks have an effect on heter ozygosity only if
very small population sizesarereached (i.e., < 10)
and long timeto recover (i.e., low intrinsic rate of
population growth)

I1) greatest impacts on bottlenecksare on allelic
diversity. Rareallelesarelost from the population.
Rare alleles, however, contribution little to
heter ozygosity.

b) Founder Event — propagules leave the parental range
and found a new, small population in a new geographic
area.

1) Essentially the same as above, only the new habitat
can have unique selection profile. This can result
in rapid adaptive changes ala Shifting Balance
Theory.
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[11) Coalescent Theory

» Genetic Drift and inbreeding can also be (and sometimes
better so) dealt with using the coalescence of lineagesin
pedigr ees.

OH 12.6A

Asbefore, the probability that two alleles forming a zygote are from the
sameindividual in the previous generation is.

P(2alelesare|BD fromt—1) = 1
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P(2allelesnot IBD fromt—-1)=1- 1
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OR
the probability that two alleles wer e the samein any previous

generation (i.e., coalesced) (%\I) and weredifferent for t

eneratlonsél 1u
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The expected time for which therearek numbersof lineagesis:

N
k(k-1)°

E(T,) =

e.g., for 5lineages:
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>
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The expected time to coalescence of all n lineagesis:

o

E(t) = a E(T)= 2N81— 1<

e.g., for 5lineages = 3.2N generations
Thisprocessworksaswell for allelesasit doesfor lineages

OH 12.6A, 12.6B
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