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Patterns of deleterious variation between human
populations reveal an unbalanced load

Rajiv C. McCoy® and Joshua M. Akey®'

Each human individual carries ~30-60 de novo muta-
tions that arose in the germ line of his or her parents
(1). At the population level, the result is a massive in-
flux of new mutations every generation, whose evolu-
tionary trajectory is shaped by the joint effects of
stochastic and deterministic evolutionary forces. In-
deed, considerable information about human history,
including changes in population size, structure, and
timings of major diasporas, is embedded in extant
patterns of neutral genetic variation (2). For example,
genetic data from global human populations show a
striking gradient of declining genetic diversity with
distance from Africa, which has been attributed to se-
rial founder effects associated with the Out-of-Africa
migration and subsequent global expansion (3-5).
However, in contrast to neutral variation, considerably
less is known about geographic patterns of deleteri-
ous variation, the fate of which is governed by both
random genetic drift and purifying selection. In PNAS,
Henn et al. (6) address this question by performing
whole-genome sequencing of 54 individuals from
seven geographically diverse populations. The au-
thors show that differences in demographic history
among populations have influenced patterns of dele-
terious mutations in a manner predicted by a model of
serial founder effects during geographic range expan-
sions (Fig. 1). In addition to revealing new insights into
the interaction between selection and demography
during recent human evolution, the study quantifies
within- and between-population variation in muta-
tional burden, with implications for predicting individ-
ual disease risk.

The work of Henn et al. (6) is timely, as it addresses
an issue of considerable interest, complexity, and re-
cent controversy (7-12). Major points of contention
arising from genome-scale studies include whether
empirical patterns of deleterious variation vary among
human populations, whether such differences lead to
differences in genetic load, and the relative contribu-
tions of drift and selection in shaping these patterns.
Henn et al. (6) revisit these topics armed with novel
statistical methods and new genome-sequence data
from geographically diverse individuals. A key novelty
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Fig. 1. Schematic illustration of the interaction between selection and genetic
drift during serial bottlenecks and range expansion. As a consequence of strong
genetic drift at the edge of the expanding wave, deleterious alleles (orange) that
were previously held at low frequencies by purifying selection may surf to higher
frequencies. Serial bottlenecks also lead to the loss of many alleles. Together,
these processes produce a pattern of declining diversity with distance from the
origin of expansion, along with pushing deleterious alleles that survive toward

higher frequencies.

of this work is that the authors consider predictions of
mutational effect size in their analyses. Specifically,
they stratified mutations according to Genomic Evolu-
tionary Rate Profiling (GERP) score, a method that
quantifies the degree of evolutionary constraint in-
ferred from a multispecies genome alignment (13).
Henn et al. (6) observed a statistically significant eleva-
tion in the number of deleterious alleles per individual
in non-African compared with African populations, as
well as an increase in the number of homozygous del-
eterious genotypes carried by individuals as a func-
tion of distance from Africa. These observations were
largely driven by mutations predicted to have modest
effects, consistent with theoretical predictions (8, 14).
It is important to note, however, that although sta-
tistically significant differences were detected, abso-
lute interpopulation differences in average number of
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deleterious alleles per individual were small. Furthermore, there
remain substantial limitations to assigning fitness effects to individ-
ual variants identified in sequencing datasets. Existing functional
annotation methods are based primarily on evolutionary conserva-
tion, as well as predicted impacts on protein structure for nonsy-
nonymous variants. However, there is relatively low concordance
among sets of variants predicted to be deleterious by different
algorithms, and experimental validation of these methods sug-
gests a modest ability to distinguish clinically relevant and nearly
neutral mutations (15). Furthermore, it is plausible that fitness ef-
fects vary according to both the external and genomic environ-
ment (i.e., epistasis). Despite these limitations, the work of Henn
et al. (6) substantially adds to a growing body of work (reviewed in
ref. 16), clearly demonstrating that patterns of deleterious muta-
tions vary among human populations.

To better understand the origins of these differences, Henn
et al. (6) performed spatially explicit forward simulations to
show that a model of serial founder effects during range ex-
pansion can recapitulate features of deleterious variation ob-
served in the empirical data. To quantify the impacts of
simulated demographic events on deleterious versus neutral
variation, the authors devised a statistic called RH, defined as
(Hnue — Hae)/Hneu, where H,o, indicates heterozygosity at neu-
tral sites and Hges indicates heterozygosity at sites predicted to
be deleterious based on their GERP score. This statistic was
then compared across populations to determine whether se-
lection had distinct impacts relative to drift in different popu-
lations. The authors found that RH was significantly lower in
non-African relative to African populations across a wide range
of GERP scores. A diminished strength of selection relative to
drift as a consequence of a demographic bottleneck is a classic
prediction of population genetic theory. Specifically, Ohta (14)
showed that the product of the effective population size (Ne)
and the selection coefficient (s) determines the behavior of a
deleterious mutation. When s << 1/4N,, mutations will behave
as effectively neutral. During a bottleneck, more mutations
meet this condition, and drift allows some to reach high fre-
quencies and occasionally fix in the population (Fig. 1). The
true demographic history of human populations is certainly
more complex than the serial bottleneck model studied by
Henn et al. (6), including ancient introgression with other hom-
inin species, long-distance dispersal, population replacement,
and repeated admixture among human lineages (17). Nonethe-
less, the fact that a simple model captures key features of the
data underscores the importance of serial bottlenecks in shap-
ing patterns of deleterious variation.

Henn et al. (6) also addressed the more difficult question of
whether genetic load varies among the study populations. The
significance of genetic load—the aggregate fitness reduction as
a result of deleterious mutations—has been controversial since its
conception by Haldane (18). Formalized by Crow (19), genetic

load (L) is quantified by comparing the average fitness in the
population (W) to that of a theoretical genotype with the maxi-
mum possible fitness (generally scaled to 1), such that L=1-W.
Henn et al. (6) show that estimates of L are highly sensitive to
model parameters, such as the distributions of fitness and domi-
nance effects. These quantities are among the least understood in
population genetics, although mutation accumulation experiments
in model organisms (20) and large-scale sequencing of rare muta-
tions are providing paths forward in this regard. Given the uncer-
tainty about the distribution of dominance effects, Henn et al. (6)
evaluated two extreme models to place bounds on their estimates:

The work of Henn et al. is an important step in
narrowing the divide between seemingly
contradictory observations and conclusions
regarding patterns of deleterious mutations
among human populations.

amodel in which the fitness effects of all deleterious mutations are
completely recessive and a model in which all deleterious muta-
tions are perfectly additive. The authors found that load increases
with distance from Africa for the recessive model (by ~10-30%),
but is approximately equal across populations for the additive
model, consistent with earlier work (11, 12). As the true distribu-
tion of dominance effects undoubtedly lies somewhere in be-
tween, these results support the interpretation that genetic load
differs modestly among populations.

In summary, the work of Henn et al. (6) is an important step in
narrowing the divide between seemingly contradictory observa-
tions and conclusions regarding patterns of deleterious mutations
among human populations. It is becoming increasingly clear that
some population genetic characteristics of deleterious mutations
vary among populations, but as is the case with neutral mutations,
differences among populations are small relative to differences
among individuals. Nonetheless, there remains much to leamn
about the dynamics of nonneutral variation in nonequilibrium
populations, particularly for more realistic, complex, and spatially
explicit models of human history. In addition to evolutionary ques-
tions, the study of deleterious mutations has practical implications
for understanding and predicting human disease. As we enter the
era of personalized medicine, it is important to consider which
measures of damaging mutations best capture individual disease
risk. While genetic load is a useful construct in theoretical popu-
lation genetics, its utility for studying human disease is limited.
Studies like that of Henn et al. (6) bring us closer to the goal of
characterizing the individual burden of deleterious mutations, as
well as understanding the complex evolutionary processes that
produced it.
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