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Genetic drift consists of changes in allele frequencies due to sampling error. Even if all

individuals in a population have the same opportunities to mate, their reproductive

contributions to the next generation will vary due to random chance alone. In any

population of finite size, this sampling error will cause gene frequencies to fluctuate

from generation to generation. Genetic changes due to drift are neither directional nor

predictable in any deterministic way. Nonetheless, genetic drift leads to evolutionary

change even in the absence of mutation, natural selection or gene flow.

Studies of evolution have focused strongly on natural se-
lection since the time of Darwin (1859) and Fisher (1930).
However, evenDarwin (1859) acknowledged that heritable
polymorphisms which do not affect survival or reproduc-
tion ‘would be left a fluctuating element’. During the mod-
ern synthesis, Wright (1931, 1932) developed a holistic
theory of evolution in natural populations that involved
complex interactions among alleles, inbreeding, gene flow
and the random effects of genetic drift. Wright’s influences
on the fields of population genetics and molecular evolu-
tion include the dominant mathematical framework for
genetic drift that is still in use today.

Genetic drift consists of changes in allele frequencies due
to sampling error. Even if all individuals in a population
have the same opportunities to mate, their reproductive
contributions to the next generation will vary due to ran-
dom chance alone. In any population of finite size, this
sampling errorwill cause gene frequencies to fluctuate from
generation to generation. Genetic changes due to drift are
neither directional nor predictable in any deterministic
way.All populations of finite size experience genetic drift to
some extent, with effects that are inversely proportional to
the effective population size,Ne. Effective population size is
a mathematical abstraction used to correct for factors such
as unequal sex ratios, variance among individuals in re-
productive output and temporal fluctuations in population
size (Ewens, 1982).More precisely, the effective population
size is the number of individuals that would be found in an
ideal population that undergoes the same amount of drift
as the real population. See also: Effective Population Size

A simplemathematicalmodel of drift can be constructed
by assuming that individuals are diploid (i.e. the gene pool
has a size of 2Ne), and that each gene copy produces an

infinite number of gametes. The homozygosity of the popu-
lation, denoted as F, is the probability that two gametes
chosen randomly are identical by descent, because they
trace back to the same gene copy in a previous generation.
By definition, F ranges from 0 to 1. Because the probability
of two gametes being identical by descent is 1/(2Ne), F
increases over time as

Ftþ1 ¼
1

2Ne
þ 1� 1

2Ne

� �
Ft

Heterozygosity, the probability that two gametes are not
identical by descent, is denoted H and calculated as
H=12F. From this, it follows that H will decrease over
time:

Htþ1 ¼ 1� 1

2Ne

� �
Ht

and

Ht ¼ 1� 1

2Ne

� �t

H0

The major implication is that all populations of finite size
will eventually drift to ‘fixation’ where H=0 and only a
single allele remains, unless diversity is maintained by mu-
tation, gene flow or natural selection. Because genetic drift
is a random process, different populations may reach fix-
ation for different alleles. In the absence of other factors,
the probability that any particular allele will eventually
reach fixation is its current frequency.
Genetic drift provides a theoretical framework to eval-

uate the effects of habitat fragmentation, captive breeding
programs, population bottlenecks (severe reductions in
population size that accelerate drift) and founder effects
(bottlenecks associated with the founding of a new popu-
lation). Drift and mutation are implicit in the most com-
mon null models for molecular genetics, relegating natural
selection to an alternative that is invoked when the null is
rejected. For example, the neutral theory of evolution
(Kimura, 1968) posits that observed polymorphisms in
natural populations are due to a balance between genetic
drift and mutation, rather than natural selection. Analyses
of empirical genetic data typically rely on equilibrium
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expectations for the neutral theory (in its pure or amodified
form) (e.g. Tajima, 1989). However, for evolution at the
phenotypic level, the utility of drift versus natural selection
as anullmodel has longbeen the subject of periodic debates
(reviewed by Provine, 1986; Beatty, 1992).

Empirically, random genetic drift has been studied in
humans, as well as natural and experimental populations
of innumerable other organisms. For example, Helgason
et al. (2003) showed through a variety of analyses that
patterns of genetic variation in Icelanders (such as low
genetic diversity) are consistent with pronounced levels of
past genetic drift. Expectations that the importance of
genetic drift will exceed that of natural selection in small
populations have been repeatedly validated in studies of
human molecular evolution. For example, high frequen-
cies for particular diseases in relatively closed ethnic
groups are generally attributable to high rates of genetic
drift, either during or after the founding of these groups
(e.g. Ostrer, 2001). The high frequency of achromatopsia
on Pingelap Atoll in Micronesia provides an often-cited
example of how extreme bottlenecks in population size
can affect the frequency of deleterious alleles (Hussels and
Morton, 1972). Neutral models of genetic drift and mu-
tation have been extended to quantitative traits as well
(e.g. Lande, 1976; Orr, 1998). Using these analyses, sev-
eral studies have suggested that many aspects of evolution
in earlyHomo facial morphology may be more consistent
with genetic drift than natural selection (e.g. Ackermann
and Cheverud, 2004; Weaver et al., 2007). Often, the
effective size of one or more populations is inferred from
their genetic composition, based on theoretical models
that include drift (e.g. Hey, 2005). Although methods for
estimating changes in effective population size across the
entire depth of a gene genealogy are available, they have
been applied primarily to pathogens rather than human
populations (e.g. Shackelton et al., 2006). See also:
Darwin and the Idea of Natural Selection; Mutational
Change in Evolution

Molecular inferences concerning the history of human
populations are an area of active research, providing data
that cannot easily be obtained from fossils, linguistics or
other sources. However, because drift and mutation are
stochastic processes, historical inferences are only robust
when multiple genes are analysed in a framework that ac-
counts for this stochasticity. Based on the analyses of 25
gene regions, Templeton (2005) has posited numerous
range expansions over the past 2 million years of human
evolution. Similarly, Gherman et al. (2007) suggested that
anunusually highburst of large-scale changes in the human
genome occurred c. 54 million years ago, attributable to
high rates of drift in the common ancestor of New World
monkeys and the clade that includes NewWorld monkeys
and Hominoidea. See also: Fixation Probabilities and
Times; Genetic Variation: Polymorphisms andMutations;
Heterozygosity; Polymorphisms: Origins and Mainte-
nance; Population Genetics: Historical Aspects; Popula-
tion Genetics: Overview
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