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The reduction in fitness from genetic drift at heterotic loci
in small populations
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SUMMARY

In finite populations, loci maintained segregating by heterozygote superiority
will be disturbed from their equilibrium positions by genetic sampling and the
mean fitness of individuals will consequently be reduced. A general expression
for thisreduction is obtained for the segregation of two alleles. If the probability
of continued segregation at the locus is high, the reduction tends to 1/4N, irre-
spective of the strength of selection, where N is the effective population size.
This will always be much less than the segregation load. If n alleles are
segregating, so that all heterozygotes have the same fitness, the reduction
tends to (n—1)/4N.

If, at a locus with two alleles, the heterozygote is fitter than either homozygote, segrega-
tion will be maintained in an infinite population. If the relative fitness of the 4,4,,4,4,
and 4,4, genotypes are 1 —s,, I and 1 — s, respectively, then at equilibrinm the frequency
g of the 4, allele is given by 8,/(s; +8,) and the mean fitness of individuals, W, equals
1—8,58,/(8,+8,). The latter term has been called the ‘segregation load’ (Crow, 1958).

In a finite population, the gene frequency will not be at its equilibrium value because
of the sampling which takes place each generation. If the population is very small this may
lead to fixation, but the effect of sampling will otherwise be balanced by selection tending
to return the frequency to its equilibrium value. As a consequence, the gene frequency
will vary about this value over the generations and the average fitness will be rather less
than the above expression. It will be shown in this note that if the chance of the locus being
fixed is small, the expected reduction in fitness is close to 1/4V, where N is the effective
population size.

If the gene frequency is not equal to g, the mean fitness of individuals in the population
is given by

W= 1-8,8,/(81+8,)— (8, +35,) (q—7)*
The expected change in gene frequency in the next generation due to selection is given by
Ag = —(3,+82)3(1 —9) (¢—7);
ignoring terms in (g —g)?, etc.

Wright (1943) has shown that in such populations of size N, the gene frequency is of
the form

#(q) ~ q“N"ﬁ—l(l —q) ANm-31

where m = (8; 4+ 8,) §(1 —7). Such a distribution has mean § and variance

g(1—g)/(4N (8, +85) q(1 —7) +1).
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The expected reduction in fitness due to variations in gene frequency about the equilibrium
valueis
(s +8)71-7) _ Ly
AN(8;+8,) G(1—g)+1 4NLy+1°

If 4N L is small, the reduction due to drift equals Ly, the infinite population segregation
load. In fact, all populations will then be fixed. As 4N L, increases, the reduction falls to a
limiting value of 1/4V, irrespective of the strength of the selection pressure. The variance
in gene frequency equals 1/4N(s;+8,). At a given value of N, an increase in the selection
pressure merely concentrates the gene frequencies around g but leaves the mean fitness
unaffected.

What values of 4NL, are to be expected for loci which remain segregating in finite
populations because of heterozygote superiority ¢ Robertson (1962) showed that, given
8;+8,, the effect of selection in maintaining segregation depends critically on g, being
greatest when this is close to 0-5. From his Fig. 1. we see that,if N = 1000 and s; = s, = s,
then for less than 10-¢ of such loci to be fixed each generation s must be greater than 0-01.
Since Ly = 3, this critical value of 4V L;is 20 and the standard deviation of gene frequency
over populations is 0-11.

If s, = 2s,s0 that ¢ = 4, s, must be greater than 0-02 for a fixation rate greater than 10-¢
with N = 1000. At this value, 4NV L, is 52 and the standard deviation of gene frequency is
0-06. It therefore follows that if we are concerned with loci which remain segregating over
long periods, 4NV L, will be much greater than unity and the reduction in fitness will be
close to 1/4N, irrespective of selection pressures. The reduction must then be expected
always to be much smaller than the segregation load, since the ratio of the two is
1/(4NLy+1).

A more general expression has been obtained for the situation with n alleles, when all
heterozygotes have unit fitness and the homozygote for the mth allele has fitness 1 —s,,.
At equilibrium in an infinite population, the frequency of the mth allele, g,,, is equal to
K|/s,, where

1/K = % l/sm

m=1

and the mean fitness of a population not at equilibrium by
n
W =1-K- E sm(Qm_qm)2'
m=1

Selection then increases W by causing the gene frequencies to return towards their
equilibrium values. Fisher’s fundamental theorem of natural selection states that the
increase in fitness each generation is ¥, the additive genetic variance in fitness, which here
equals

n n n 2
2 [K élsm (q'm_'Qm)z'*' El Srzn(Qm_ qm)3 - ( 2;;1 sm(Qm _qm)g) ] .

The final terms, being in higher powers of the deviations from equilibrium values, will
be smaller than the first if the population is close to equilibrium and can be ignored. The
gain by selection each generation is then a fraction 2K of the reduction due to deviations
from equilibrium.

The expected decrease in fitness each generation due to sampling drift from the equili-
brium point can be calculated since the expected increase in (g,, — 7,,)? is equal to

gm(l - qm)/zN
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The overall decrease in fitness each generation due to sampling is

. _1-g, 2 K(l—g, . _
lemqm———Z; = 2‘,1 —————(ONq , sinces,g,=K
m= m= <

= K(n—1)/2N.

Equating the expectation of gain with that of loss, we find the expected value of the reduc-
tion due to drift is (n—1)/4N.

I am indebted to Dr B. Charlesworth for his comments on an earlier version of this paper.

REFERENCES

Crow, J. F. (1958). Some possibilities for measuring selection intensities in Man. Hum. Biol.
30, 1-13.

ROBERTSON, A. (1962). Selection for heterozygotes in small populations. Genetics 47, 1291~
1300.

WRrIGHT, S. (1943). Isolation by distance., Genetics 28, 114-138.

https://doi.org/10.1017/50016672300001580 Published online by Cambridge University Press


https://doi.org/10.1017/S0016672300001580

