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NEWS AND COMMENTARY
Mitochondria and the W chromosome
...............................................................

Low variability on the
W chromosome in birds is more
likely to indicate selection
on mitochondrial genes
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he energetic efficiency of mitochondria in birds capable of flight
(Hickey, 2008) frames two predictions to test whether avian mitochondria are responsible for the low
variation of the W chromosome of birds,
rather than being passive victims of
maternal linkage, as concluded by
Berlin et al. (2007).
There is a general, erroneous, assumption that mutations in mtDNA
are not subject to intense selection; that
mitochondrial genes do no more than
‘housekeeping’. Yet efficient respiration
is crucial for cells, and inefficiencies are
punished directly through the loss of
cytochrome c and apoptosis. As Bazin
et al. (2006) point out, ‘mtDNA appears
to be anything but a neutral marker and
probably undergoes frequent adaptive
evolution’.
The mitochondrial genome is practically immune to decay over evolutionary time, despite a mutation rate that is
10–20 times faster than nuclear genes in
vertebrates, and little, if any, recombination. Obviously, birds fly as well now
as they did 65 million years ago, and
need pristine mitochondria to do so.
The mitochondrial genome presumably
evades decay because it is small and
under intense selection pressure. Such
selection presumably operates during
early embryonic development, where
mitochondrial function apparently determines whether an embryo develops
further or is eliminated (Dumullard
et al., 2007).
The question is, why, in birds, is there
so little variety on the W chromosome?
In an earlier paper, Berlin and Ellegren
(2004) express puzzlement, and argue
for a selective sweep (but exclude
sexual selection) on the W chromosome.
They tested this idea in the present
paper, arguing that a selective sweep on
the W chromosome should be reflected,
via strict maternal linkage, in a lower
variation of mitochondrial DNA. But as
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Marais (2007) observes in a commentary, the same argument applies equally
in reverse—strong selection on mitochondrial genes should purge the W
chromosome of variation.
The high energy demands of flight
must place a stronger selection pressure
on mitochondrial genes than that occurs
in flightless animals. The aerobic power
of flight muscle in bats and birds is 2.5–
3 times greater than that of non-flying
mammals of similar size (Maina, 2000).
This extreme aerobic capacity is attained partly by increasing the number
of respiratory complexes, and optimizing the kinetic properties of key
respiratory enzymes. The closer that
respiratory function approaches an optimum, the less variation one would
expect in mtDNA (either from ‘genetic
draft’ or purifying selection). Restricted
variation is exactly what Berlin et al.
(2007) report.
In the context of optimizing mitochondrial genes for high aerobic capacity, it is an interesting possibility that
low rates of free-radical leak in birds
(Barja, 2007; Lambert et al., 2007) may
have evolved in part to preserve
mtDNA adaptations for flight in the
face of Hill–Robertson effects; low freeradical leak would then contribute
incidentally to the exceptional longevity
of birds and bats.
Because the respiratory complexes are
encoded by two genomes that must
work together (the nuclear and mitochondrial genomes) there is generally
very strong selection for intergenomic
coadaptation (Burton et al., 2006). Optimizing the sequence of mtDNA counts
for nothing if the nuclear genes are not
under equally stringent selection. This
leads to a specific prediction: in birds
there should be less variation in nuclear
genes that encode mitochondrial respiratory proteins, regardless of chromosomal location. Such restricted
variation should apply most to subunits

that interact directly with mitochondrial-encoded subunits such as cytochrome c. In contrast, the absence of
Hill–Robertson effects on nuclear chromosomes predicts the opposite—there
should be more variation in nuclearencoded respiratory proteins.
A second prediction concerns the
mitochondrial bottleneck. During embryonic development, the bottleneck
lowers mtDNA diversity by restricting
the copy number of mtDNA to a bare
minimum in primordial oocytes, then
amplifying this tiny population to
100 000 copies in the mature oocyte
(Shoubridge and Wai, 2007). As a result,
individual oocytes are typically homoplasmic for mtDNA, the function of
which is presumably subjected to selection during embryonic development.
The stringency of the mitochondrial
bottleneck varies with factors like litter
size (Krakauer and Mira, 1999). In
principle, the bottleneck should also
vary with aerobic capacity. High aerobic
capacity requires rigorous mitochondrial selection, demanding a tighter
bottleneck. If there is heavier selection
on mtDNA in birds than in mammals,
there should also be a tighter bottleneck
(specifically fewer copies of the mitochondrial genome in primordial oocytes). If this is the case, the lack of
variation on the W chromosome is more
likely to indicate Hill–Robertson effects
resulting from selection on mitochondrial genes.
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