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L
et us assume I gave a seminar. I
would tell the audience about my
latest results on the population

history of the pigmy shrew. My findings
would be based on a stretch of DNA
comprising several metabolic genes,
showing no signs of genetic recombina-
tion. Armed with sequences from a
large number of individuals sampled
over a broad geographical area, I would
make some inference on the coloniza-
tion routes and times. To make life
easier, I would restrict my analysis to
the mutations I liked best, with nice
names having been given to related
sequences, rather than relying on dull
mathematical quantities. As I reach one
of the key conclusions of the lecture,
which would go as follows: ‘It is obvious
from the distribution of haplotypes Amanda,
Eugenie* and Hector_2a that the Outer
Hebrides were colonised about 50,000 years
ago, this was followed by considerable
population fluctuations, a bottleneck during
the last Ice Age, a swift recovery and a
dramatic recent expansion over the last 200
years andy’. Imagine that, at that
climactic stage I was interrupted by
someone in the audience. The imperti-
nent would say, ‘Sir, can I just ask you
whether this confidence in your conclusions
may not be misplaced; your analysis is based
on a single genetic marker, which comprises
genes with a central role in metabolism and
is thus likely to have been affected by
natural selection’. An awkward silence
may ensue, as I would find it difficult to
dismiss this criticism easily.

There are parallels between this hy-
pothetical story and a large body of
work using mitochondrial (mt)DNA
polymorphisms to reconstruct the past
history of innumerable species, includ-
ing our own. Yet, no one in the audience
seems keen to interrupt the speaker. I
can only conclude that the limitations of
mtDNA as a genetic marker are not
fully recognized. This is arguably not
because no one has previously ex-
pressed such misgivings. Excessive re-
liance on uniparental markers (that is,
mtDNA and Y chromosome) has been
criticized before (Ballard and Whitlock,

2004; Pakendorf and Stoneking, 2005;
Bazin et al., 2006). Arguably, the most
scathing assessment was reached by
Harpending (2006) who described the
entire field as a series of anecdotes
ranging from the plausible and interest-
ing to the absurd. It does not help that
human phylogeography has become
largely divorced from the rest of popu-
lation genetics and relies on some
particularly arcane jargon. As none of
these earlier criticisms seem to have had
much effect in stemming the tidal wave
of papers using mtDNA to make fine
demographic inference, I feel compelled
to summarize once again what the
problems are and why they cannot be
swept under the carpet indefinitely.

Unlinked genetic markers trickle
down through species’ pedigrees inde-
pendently from one another. Owing to
the high stochasticity of population
demography, some genetic markers will
be reflective of the populations’ history
and some would not. mtDNA and the Y
chromosome do not recombine and
therefore represent only a single realiza-
tion of the many possible outcomes
within a given demographic history,
irrespective of the number of poly-
morphic sites typed (Ballard and
Whitlock, 2004). As a consequence,
the phylogenetic tree of uniparental
markers may or may not be informative
on the demography of the populations
studied. Although it has been said
forcefully before that gene trees should
not be equated to species or population
trees (Nichols, 2001), it seems that this
subtle yet important distinction is rarely
made. A frankly baffling trend from a
population genetics perspective is the
apparent increase of papers considering
only a single haplogroup, as the pro-
blems with demographic stochasticity
will be exacerbated even further. This
demographic variance is not a major
issue when one has access to a reason-
able number of autosomal markers,
which can be treated as replicates of
the same process and averaged over loci
to make inference on the population
history.

A crucial assumption is that the
genetic markers used to make inference
on the past history of populations are
evolving neutrally; that a non-recom-
bining stretch of DNA comprising 37
genes should be neutral seems a bold
hypothesis. Detecting natural selection
in non-recombining DNA is difficult.
Despite this, there is evidence for
natural selection on mtDNA in various
taxa (for example, Ballard et al., 2007;
Fontanillas et al., 2005; Oliveira et al.,
2008), with temperature being often
invoked as the likely selective force.
The situation in humans is still far from
clear. There have been claims based on
ratios of synonymous versus non-
synonymous mutations (dN/dS ratios),
and to a lesser extent, the evolutionary
persistence of mutations that human
mtDNA may have been affected by
climate (Torroni et al., 2001; Mishmar
et al., 2003; Ruiz-Pesini et al., 2004). This
has been refuted by other studies, which
concluded that human mtDNA se-
quence variation has not been signifi-
cantly shaped by natural selection
(Elson et al., 2004; Kivisild et al., 2006;
Amo and Brand, 2007; Ingman and
Gyllensten, 2007). However, all these
results (both for and against selection)
are questionable as dN/dS ratios are
generally inadequate tests for natural
selection when working over limited
evolutionary time scales at a within-
population level (Rocha et al., 2006;
Kryazhimskiy and Plotkin, 2008). Inter-
estingly, the most comprehensive of the
studies concluding that human mtDNA
was evolving neutrally did actually
highlight the single-nucleotide poly-
morphism at position 10 398 as a target
for natural selection (Kivisild et al.,
2006). This single-nucleotide poly-
morphism was also identified again in
study, which showed in addition that
mitochondrial diversity correlated with
the temperature to which human popu-
lations were exposed (Balloux et al.,
2009). Finally, the same single-nucleo-
tide polymorphism has been shown to
affect mitochondrial matrix pH and
mitochondrial calcium dynamics (Kazu-
no et al., 2006).

There is even a sensible biological
explanation why temperature may
affect mtDNA sequence variation
(Coskun et al., 2003; Mishmar et al.,
2003). As shivering frantically to keep
warm is not such a pleasant prospect,
we have to rely largely on the heat
generated by the oxidative phosphory-
lation (OXPHOS) cycle, which com-
prises 13 genes encoded by the
mitochondrial genome. The primary
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function of the OXPHOS cycle is the
synthesis of ATP, the molecular cur-
rency of all cells. In a tropical climate
where keeping the body warm is not a
major issue, the OXPHOS cycle should
be optimized toward the production of
ATP molecules. As with any other
physical process, higher efficiency
means less heat is produced; therefore,
in colder climates it may make evolu-
tionary sense to trade some energy for
heat. The extent to which the distribu-
tion of human mtDNA variation has
been shaped by environmental factors
remains to be assessed. However, given
the pivotal role of the OXPHOS cycle in
basal metabolism, selective neutrality of
mtDNA variation seems a largely un-
tenable a priori assumption at least in
humans, and probably for any other
endothermic species exposed to a wide
array of temperatures. Many autosomal
markers are undoubtedly affected by
selection too. However, this is not
expected to be a major issue when
multiple unlinked markers are consid-
ered, as the signature of selection will be
averaged out.

Despite mitochondrial sequence var-
iation covarying with climate in hu-
mans (Balloux et al., 2009), there are
better ways to measure temperature.
And, I would argue there are also better
genetic markers than mtDNA to infer
past population history. I fully appreci-
ate that mtDNA has given us some of
the most fundamental results on human
evolution at a time when using mtDNA
was the only realistic option at hand. I
do not question the value of mtDNA in
forensics and pedigree reconstruction. It
is also likely to remain a valuable tool
for inference at a localized geographical
scale, particularly when testing specific
hypotheses rather than making quanti-
tative inferences on the age or size of the
populations studied. It is convenient to
type and analyse, and its use in humans
raises no serious ethical or societal
issue. But all these qualities do not
counterbalance the fact that a single
locus likely to be under selection is

inappropriate for population inference
at large geographical scales (or over
long periods of time in the context of
ancient DNA analysis). We have
reached an era in which publicly avail-
able data sets of large numbers of
complete human genomes are a tangible
prospect, and I believe it is now time to
move on from the excessive reliance on
uniparental markers. Exploiting these
new resources of autosomal variation
will present significant challenges, but it
will not help overcoming them if a large
fraction of the community of human
population biologists persists in sticking
to mtDNA as the marker of choice.
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