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Global clues to the nature of
genomic mutations in humans
An analysis of worldwide human genetic variation reveals the footprints

of ancient changes in genomic mutation processes.

AYLWYN SCALLY

A
ll children inherit a mixture of chromo-

somal sequences from their parents,

and although the copying process

involved is extremely accurate, some errors

occur. We refer to such errors as de novo (new)

germline mutations, and when they are passed

on to subsequent generations, these mutations

are the raw material on which natural selection

works and the source of all genetic differences

between populations and species. Most have

negligible or minor effects, but some on very

rare occasions are responsible for serious

genetic disease (Veltman and Brunner, 2012).

The accumulation of genetic differences through

mutation is also a primary source of information

about human evolution. Thus it is important to

understand the nature of genomic mutation, the

rate at which it occurs and the factors causing it.

A key question is to what extent mutation

processes differ between individuals, either in

the total number of de novo mutations

bequeathed to offspring or the places in the

genome where they occur. Such differences

could be genetic in origin, given that the pro-

teins involved in DNA replication are themselves

encoded in the genome, and there could also

be environmental effects associated with where

and how an individual lives. In both cases these

factors may reflect recent evolutionary events,

particularly the divergence of human popula-

tions and their global dispersal within the last

100,000 years.

One way to address this question would be

to collect genomic and other data for thousands

of families, identify de novo mutations in each of

the offspring, and then analyse the factors con-

tributing to them. However, this approach is

extremely demanding in terms of the resources

needed. Now, in eLife, Kelley Harris and Jona-

than Pritchard of Stanford University report how

they have taken an alternative

approach (Harris and Pritchard, 2017) that

involved using a dataset of whole-genome

sequences for 2504 individuals from 26 different

populations around the world (Auton et al.,

2015). Consider that any genetic variant in this

dataset, even if it is found today in many individ-

uals, was once a de novo mutation in a single

ancestor. Thus if different genetic or environ-

mental factors have affected mutation processes

in different human populations, we might expect

to find evidence in the distribution of variants in

these populations today.

Harris and Pritchard categorised single-nucle-

otide variants in this dataset by their ancestral

and derived alleles (i.e. the version before and

after mutation) and their sequence context as

represented by the two flanking nucleotides. For

example, the category AGC fi ATC represents a

mutation from G to T with flanking nucleotides

A and C. After counting the number of variants

in each category within every individual, the

researchers found that the distribution of counts,

termed the mutation spectrum, differs between

populations to the extent that it is possible to
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identify an individual’s continent of origin based

solely on the spectrum of mutations they carry.

In general the differences between spectra com-

prise a multitude of small discrepancies, rather

than large discrepancies in a few categories.

However some categories do stand out, most

notably an increased abundance of TCC fi TTC

mutations in European and South Asian popula-

tions – a signal also seen in other recent studies

based on similar data (Mathieson and Reich,

2017; Narasimhan et al., 2016).

Harris and Pritchard then looked at how this

signal changes with time. Mutations themselves

have no timestamp, but on average a mutation

that is rare in the population is likely to have

arisen more recently than a mutation that is

common. Using frequency as a proxy for age,

Harris and Pritchard found that the enrichment

for TCC fi TTC was evident mainly in variants of

intermediate age, and not in recent or very old

variants. The data fit a model in which there was

a pulse of mutation between about 2,000 and

15,000 years ago in the ancestors of present-day

Europeans and South Asians, during which these

mutations were 30–40% more likely.

One possible explanation is that this is the

legacy of a mutator allele (that is, a mutation

that increases the rate of de novo mutation in

some or all categories) that appeared and sur-

vived in the population for several thousand

years before going extinct (Figure 1). It is not

known how frequently such alleles arise, or to
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Figure 1. Changes in the genetic mutation spectrum in humans. Modern humans originated in Africa (top left)

and spread into Eurasia in a series of migrations 50,000–80,000 years ago. Subsequent migrations within Eurasia

(such as the migration between West Eurasia and South Asia around 3000 years ago that is shown here;

Reich et al., 2009) led to secondary genetic contact and admixture. The mutation spectrum (represented

abstractly here) evolved separately in each population after divergence, perhaps due to the effect of mutator

alleles: Harris and Pritchard propose that such a mutator allele could have been responsible for an increase in

TCC fi TTC mutations between 2,000 and 15,000 years ago (red shading) which influenced the mutation spectra

of present-day Europeans and South Asians.
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what extent they drive differences in the muta-

tion spectrum: however it does seem that under

certain conditions they can survive for a long

time and have lasting effects (Seoighe and

Scally, 2017). In addition to a mutator allele that

would have increased the relative rate of the

TCC fi TTC mutation, it is possible that other

mutator alleles that had smaller effects and/or

survived for shorter times in different popula-

tions may be responsible for less prominent dif-

ferences in the mutation spectrum.

These findings are also relevant to the ques-

tion of whether or not the overall rate of geno-

mic mutation varies between populations and

over time. There is evidence that the mean rate

has probably not changed in at least the last

50,000 years (Fu et al., 2014), but we also know

that the genome-wide mutation rate has slowed

down when measured over timescales of millions

of years (Moorjani et al., 2016). The results of

Harris and Pritchard involve the relative rates of

mutation in different sequence contexts, and so

strictly speaking they do not tell us about varia-

tion in the overall rate, but they are suggestive

of differences perhaps on the order of a few

percent.

The next few years will see a substantial

increase in the amount of available de novo

mutation data, particularly from large-scale

sequencing projects aimed at understanding the

causes of rare genetic disease. These data will

enable direct exploration of the factors deter-

mining mutation and its evolution within human

populations, and shed further light on the ques-

tions addressed and raised by Harris and

Pritchard.
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