
NEUTRAL EVOLUTION

The randomness that shapes
our DNA
Just 5% of the human genome is subject to neutral evolution, but this

process remains central to understanding the history of human

migration across the Earth.

KELLEY HARRIS

D
arwin famously thought of evolution as

a force for creation and improvement.

Evolution, in his eyes, was synonymous

with natural selection and survival of the fittest –

a process that optimizes life to thrive in its envi-

ronment and produce greater numbers of off-

spring. A century later, however, the great

population geneticist Motoo Kimura challenged

this view with his ’neutral theory’ of evolution

(Kimura, 1968). While the neutral theory was

more difficult to understand than Darwin’s

approach, and hence did not capture the public

imagination in the same way, it provided the key

insight that helped evolution to make sense in

the light of molecular biology.

Unlike Darwin, Kimura knew that ’descent

with modification’ is caused by the transmission

of DNA from parents to offspring. When DNA is

copied faithfully, children tend to resemble their

parents, but copying mistakes and mutagens

occasionally create small changes in the DNA

sequence, known as genetic variants. Over mil-

lions of years, these mutations provided the raw

material for natural selection to make a human

out of an ape.

It may be tempting to analyze each genetic

difference between humans and chimps and

wonder why natural selection might have chosen

exactly these mutations to build the human phe-

notype. But Kimura’s theory suggests that this

would be a fool’s errand because the vast major-

ity of mutations have no effect on fitness what-

soever. If most mutations fail to alter the fitness

of an offspring who carries them, random chance

will dictate whether they survive or die. That is,

say we compared a human genome and a chimp

genome and discovered millions of differences

between them: the neutral theory would predict

that most of these differences accumulated by

chance and that only a tiny fraction gave some

kind of fitness advantage to the ancestors of

modern humans.

But how much of the genome does indeed

evolve neutrally? Although the neutral theory

turned 50 this year, this seemingly basic ques-

tion is still a topic of hot debate (Rands et al.,

2014; Graur, 2017). Even the question of what

it means for a mutation to evolve neutrally is

more complicated than Kimura could have imag-

ined in 1968. Now, in eLife, Fanny Pouyet, Simon

Aeschbacher, Alexandre Thiéry and Laurent

Excoffier revisit these questions (Pouyet et al.,

2018).

Unlike adaptive mutations, which spread

through populations as fast as their fitness

advantages can carry them, neutral mutations

diffuse at a slow, steady rate that is easy to

model mathematically (Fisher, 1930). In theory,

it is possible to: i) sample DNA sequences from
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humans worldwide; ii) count and compare the

neutral mutations that can be found on multiple

continents, one continent, and one individual; iii)

use this information to reconstruct details about

human migration across the globe

(Gutenkunst et al., 2009). In practice, however,

it can be hard to deduce whether a given muta-

tion is evolving neutrally or not. When variation

under selection is misclassified as neutral and

used to study past migrations and changes in

population size, the results can be misleading

(Ewing and Jensen, 2016; Schrider et al.,

2016).

In an ambitious undertaking, Pouyet et al. –

who are based at the University of Bern, the

Swiss Institute of Bioinformatics and the Univer-

sity of Zurich – discovered how much of the

human genome can really be used for this style

of demographic analysis. Their results showed

that only 5% of the genome is truly evolving

neutrally, with the remaining 95% being affected

by some kind of natural selection. Superficially,

this might seem like a death knell for the neutral

theory, but it is nothing of the kind. To under-

stand why, we have to revisit the question of

what it means to evolve neutrally.

A mutation will not evolve neutrally if it pro-

vides a direct fitness advantage, but the con-

verse does not apply. A mutation can appear to

evolve non-neutrally if it is merely located close

to a mutation that affects fitness. In sexual

organisms like humans, each child inherits DNA

from its parents in big, continuous chunks. Even

distant cousins will share large chunks of DNA

that were inherited from recent common ances-

tors. If that part of DNA happens to contain a

beneficial mutation, hundreds of nearby muta-

tions might hitchhike along for the ride as the

beneficial DNA spreads quickly through a popu-

lation (Smith and Haigh, 1974;

Charlesworth et al., 1993). These hitchhikers

confer no fitness advantage but, equally, they

do not behave the way we expect neutral muta-

tions to do.

Because of this hitchhiking effect, Pouyet

et al. advise that genetic variation does not

behave neutrally in those regions of the genome

that have the lowest recombination rates.

(Recombination is the process that stitches

together chromosomes from a father and a

mother to create a child’s genome.) In regions

with high recombination rates, on the other

hand, neutral mutations are quickly separated

from nearby mutations that are under selection.

This makes hitchhiking less of a concern and

neutrality a better model.

However, there is one other, somewhat

strange, process that we must take into account:

biased gene conversion is a process that causes

a large fraction of genetic variation to behave

non-neutrally, even in regions with high recombi-

nation rates (Galtier et al., 2001). It is a quirk of

mammalian biochemistry that biased gene con-

version makes it slightly more likely for G–C

base pairs to be passed down to offspring than

A–T base pairs, even when the latter might

enhance fitness. As a result, a mutation from A

to C may behave like it is beneficial when it is in

fact neutral or slightly deleterious. Pouyet et al.

suggest that only mutations from G to C, or

from A to T, can be truly considered to be neu-

trally evolving. Together with the restriction to

regions with high recombination rates, this rule

narrows down the fraction of the genome that is

neutrally evolving to 5%.

This amount may seem paltry compared to

Kimura’s assertion that neutrality dominates the

genome, but it nevertheless contains hundreds

(possibly thousands) of mutations, depending on

how many human genomes one is looking at

simultaneously. These certifiably neutral muta-

tions should prove to be a great resource for

future analyses of human demographic history,

as it may no longer be defensible to use the

whole human genome to make inferences about

human migration. It remains to be seen how

much of what we think we know about human

history has been thrown off by non-neutral evo-

lutionary forces.

Kelley Harris is in the Department of Genome

Sciences, University of Washington, Seattle, United

States

harriske@uw.edu

http://orcid.org/0000-0003-0302-2523

Competing interests: The author declares that no

competing interests exist.

Published 09 October 2018

References

Charlesworth B, Morgan MT, Charlesworth D. 1993.
The effect of deleterious mutations on neutral
molecular variation. Genetics 134:1289–1303. PMID:
8375663
Ewing GB, Jensen JD. 2016. The consequences of not
accounting for background selection in demographic
inference. Molecular Ecology 25:135–141.
DOI: https://doi.org/10.1111/mec.13390, PMID: 26394
805
Fisher R. 1930. The distribution of gene ratios for rare
mutations. Prof. R. Soc. Edinb 50:205–220.
Galtier N, Piganeau G, Mouchiroud D, Duret L. 2001.
GC-content evolution in mammalian genomes: the

Harris. eLife 2018;7:e41491. DOI: https://doi.org/10.7554/eLife.41491 2 of 3

Insight Neutral Evolution The randomness that shapes our DNA

http://orcid.org/0000-0003-0302-2523
http://www.ncbi.nlm.nih.gov/pubmed/8375663
https://doi.org/10.1111/mec.13390
http://www.ncbi.nlm.nih.gov/pubmed/26394805
http://www.ncbi.nlm.nih.gov/pubmed/26394805
https://doi.org/10.7554/eLife.41491


biased gene conversion hypothesis. Genetics 159:907–
911. PMID: 11693127
Graur D. 2017. An upper limit on the functional
fraction of the human genome. Genome Biology and
Evolution 9:1880–1885. DOI: https://doi.org/10.1093/
gbe/evx121, PMID: 28854598
Gutenkunst RN, Hernandez RD, Williamson SH,
Bustamante CD. 2009. Inferring the joint demographic
history of multiple populations from multidimensional
SNP frequency data. PLoS Genetics 5:e1000695.
DOI: https://doi.org/10.1371/journal.pgen.1000695,
PMID: 19851460
Kimura M. 1968. Evolutionary rate at the molecular
level. Nature 217:624–626. DOI: https://doi.org/10.
1038/217624a0, PMID: 5637732
Pouyet F, Aeschbacher S, Thiéry A, Excoffier L. 2018.
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