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RANDOM  GENETIC  DRIFTRANDOM  GENETIC  DRIFT
Sewall Wright
(1889–1988) was the
outstanding figure  in
the synthesis of
population genetics
and  mathematics
Many of the conceptual
frameworks derive from
Wright, especially
random genetic drift,
structured populations,
inbreeding theory.
Genetic drift  is also
called The Sewall
Wright effect.
His model organism
was guinea pig.

A  story: sometimes carrying
a guinea pig with him,
absent-mindedly used  the
animal to erase the chalk
board while lecturing.

The basic model of population genetics is HWE:
the certain relationship between gene (allele) and genotype
frequencies and the constancy frequencies do not change
from one generation to another – if the assumptions are
valid.

In addition to HWE as a basic model, there are other
basic models in which the assumptions are relaxed (for
example the selection model)

Here we start considering the effects of finite population
size: binomial sampling of alleles and genotypes. We
continue to the general Wright-Fisher model, coalescence
theory and making sense to population haplotype
structures (these will be the topics in lecture Thu 13. Oct).
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BINOMIAL  SAMPLING  OF  GENOTYPES  AND  ALLELES

Consider a large population in HWE with alleles A and a at equal frequencies p = q = ½
The genotypes frequencies are thus (HWE assumption)  ¼ AA, ½ Aa, ¼ aa.

Suppose that something dramatic happens and only four randomly chosen individulals
survive. Subsequent generations are based on this small sample from the original large
population.

It is possible, by chance, that the four survivors are all AA individuals. Probability of this
possibility is (¼)4 = 1/256, similarly probabilities for other possibilites….

If the size of the new population remains at four individuals in each subsequent
generation, this type of random sampling occurs repeatedly. In each generation the
sampling process can cause large allele (and genotype) frequency changes and one
consequence of random drift soon becomes true: the population has only A or a alleles
and population reaches a fixation state. Only new mutations or migration from another
population can reintroduce the polymorphism, which was: segregation of two alleles, A
and a in the original large population.

If mating takes places at random, sampling four diploid individuals as equivalent to
sampling eight haploid gametes. In the example (p = ½) there are nine possible
outcomes, having 0, 1, 2, 3, …. 8 copies of the A allele and the remaining copies being a.
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BINOMIAL SAMPLING OF GENOTYPES AND ALLELES

The probability of each of the nine possibilities is given by the binomial distribution,
corresponding to the succesive terms in the expansion of ( ½ A + ½ a )8 .

The probability of fixation of the A allele in the next generation corresponds to the
probability of drawing eight copies of A, ( ½ )8 = 1/256 (because each successive draw
is considered independent and has a chance of ½  of yielding A.)  The result is identical to
the probability of drawing four AA genotypes (see above) and illustrates the principle that,
with random mating, random sampling of diploid individuals is equivalent to  random
sampling of twice as many haploid gametes.

The process of sampling gametes from a finite population:

Sample 2N  gametes

p0 p0 p1 p1

HWE expectations, with the exception of an assumption of finite population size:
there are now N individuals, not infinitely large number of individuals. Note that the gamete pool in
infinitely large. Sampling process yields a binomial distribution of all possible combinations of A and a.

N
individuals gametes

N
individuals gametes
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BINOMIAL SAMPLING  OF  GENOTYPES  AND  ALLELES

Example: A population of nine diploid individuals arises from a sample of 18
gametes, but the gametes can be thought of as being sampled from an infinite
pool of gametes. Because small samples are not representative, an allele
frequency in the sample may differ from that in the pool of gametes. Suppose that
a pool contains A and a at frequencies p and q (p +  q = 1). If 2N gametes are
drawn  at random to produce the zygotes of the next generation, the probabaility
that the sample contains exactly i alleles of type A is the binomial probability

i can take any integer value between 0 and 2N

In the next generation the sampling process occurs anew according to this
equation with p replaced by p´ .

Allele frequencies change at random from generation to generation.

(1)wher
e
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BINOMIAL  SAMPLING  OF ALLELES AND GENOTYPES

N  = 4 N = 20

. generations generations

allele
frequency

genotype
frequency

Random sampling simulations. Individual populations behave very erratically. In some
populations the allele A becomes fixed (p = 1), in some lost (p = 0) during a small number of
generations and  in some populations both alleles remain unfixed, i.e. segregating.
Note the difference between small (4) and larger (20) population size assumption.
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WRIGHT-FISHER MODEL, EXAMPLES OF ALLELE FREQUENCY DRIFT

N = 25         initial allele frequency 0.2                      initial allele frequency 0.8


