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A principal challenge in evolutionary studies is that the evolutionary forces (i.e.
mutation, recombination, gene flow, drift and selection) are rarely observed
directly, but that they must be inferred from their effects on fitness, phenotype,
behaviour, demography or genetic variation. Evolutionary biology therefore
relies heavily on deductive logic, whereby premises are linked with con-
clusions. For example, one premise is that high parasite biodiversity will
select for a genetically diverse immune system. Observing a positive correlation
between parasite diversity and immunogenetic variation does not, however,
imply causality, as there may be additional processes (e.g. population size
and migration) that affect both of these variables. For instance, among primates,
parasite species richness is lowest among the threatened species [1], and given
that small population size and isolation will affect both genetic variation and
parasite biodiversity, a spurious correlation may exist between both variables.
For that reason, many population genetic studies on immune genes employ
neutral genetic markers to account for the effects of population demography.

Ellison et al. [2] studied both microsatellite loci and major histocompatibility
(MHC) immune genes, analysing how inbreeding affects the variation at both
types of loci in the self-fertilizing fish, Kryptolebias marmoratus. In addition,
they studied how pathogen resistance is affected by genetic variation, analysing
the relative contribution of both microsatellite and MHC variation on para-
site loads in natural and laboratory populations with different degrees of
inbreeding. This is a strong experimental design, because measuring the loss
in microsatellite variation over successive generations of selfing quantifies
the effect of random genetic drift, and parasite load is directly linked to an
individual’s genotype.

Ellison ef al. [2] found that both MHC and neutral variation were lost after
several generations of selfing, an observation that is consistent with the effects
of drift. However, MHC alleles were not lost at random, and, intriguingly,
the most divergent alleles appeared to be maintained. In their analysis, they
group alleles into MHC supertypes, which are defined based on the molecule
binding properties of the positively selected sites. This is considered to be a
good approximation of the functional differences [3], and given that the
locus affiliation of MHC sequences was not known, this approach makes bio-
logical sense without losing too much information. The authors suggest that
the maintenance of several divergent functional MHC supertypes in individ-
uals with low microsatellite heterozygosity is indicative of overdominant
selection. Given that individuals with a higher MHC diversity showed a
lower parasite load, the authors hypothesize that overdominant selection
could play a role in the maintenance of functional MHC diversity in
K. marmoratus.

However, there is an alternative explanation for the maintenance of highly
divergent MHC alleles that does not involve overdominant selection. The MHC
is a multi-gene family often consisting of several duplicated class I and class II
immune genes. These genes are generally highly polymorphic, and currently
the paradigm is that (a combination of) parasite-mediated selection [4], pre-
and post-copulatory sexual selection [5], and selection on the mutational load
accumulated in the surrounding MHC region [6] are the selective forces
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maintaining this MHC polymorphism. The conclusion, there-
fore, that the MHC polymorphism of K. marmoratus expressed
in the number of MHC supertypes is maintained by parasite-
mediated overdominant selection seems to fit the current
paradigm. However, in this species, the authors observe
that each fish possesses between 1 and 11 MHC alleles and
between 1 and 8 supertypes. This suggests that some individ-
uals have at least six MHC loci, which is consistent with a
previous study of this fish that suggested there are 13 MHC
class I loci [7]. Furthermore, Ellison et al. [2] report that no
fish had more than two alleles of each supertype, which
implies that alleles of distinct supertypes segregate at differ-
ent loci. The evolutionary genetic implication of this is that
even when alleles become fixed, supertype diversity will
not be depleted because this variation is preserved across
different loci. This could explain why, even after more than
10 generations of selfing, the average diversity of MHC
supertypes per individual in the laboratory lines was similar
to that found in the natural K. marmoratus population.
Inbreeding can erode the within-locus variation when an
alternative allele of the same supertype is lost. However,
while inbred individuals possess fewer alleles, the remaining
alleles are distinct from one another because they are from
different supertypes. This explains why the observed mean
amino acid difference is higher for (inbred) individuals
with fewer MHC alleles (fig. 3 of [2]).

Even in the absence of overdominant selection, individ-
uals can continue to possess multiple MHC supertypes in
the form of a completely homozygous multi-locus genotype.
This is what evidently happened in the R strain of Ellison
et al’s [2] study, in which all fish possessed the same geno-
type. The alternative explanation—that all selfing individuals
are heterozygous for exactly the same alleles across all of
their loci—simply defies the laws of probability. An
additional problem with this explanation is that if all 13
unlinked class I MHC loci had to be kept heterozygous by
overdominant selection, the segregation load would be so
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high that only one out of 8192 offspring (i.e. %713) produced n

by selfing would have a fitness (or immunocompetence)
equal to that of the parental fish.

The presence of distinct MHC supertypes at different gen-
etic loci would offer an important adaptive evolutionary
advantage to a selfing species such as K. marmoratus, because
vital immunogenetic variation will be preserved even in the
face of the most severe inbreeding. This significantly reduces
the costs of natural selection [8], and solves Haldane’s
Dilemma for selfing (and inbreeding-prone) species in
which individuals rely on an immune system with multiple
supertypes. Species that have not adapted to inbreeding
may have the same allelic copy (or supertype) present at mul-
tiple loci, such as the guppy, Poecilia reticulata, in which
individuals carried up to five almost identical MHC class II
allele copies in their genome [9]. In such cases, inbreeding
could exacerbate the loss of allelic variation by fixing the
same copy across multiple loci, as was observed in the greater
prairie chicken, Tympanuchus cupido [10].

From the valid premise that selfing K. marmoratus individ-
uals have a genetically diverse immune system, one cannot
logically conclude that this is maintained by overdominant
selection. Conversely, the argument presented here does not
discount the possibility that some form of balancing selection
is operating on the MHC of these fish. In particular, balancing
selection could act on haplotype variation and favour haplo-
types with several diverse MHC supertypes. Indeed, this is
consistent with the negative correlation between parasite
load and the number of MHC supertypes. In other words, bal-
ancing selection is more likely to act on the variation across loci
within haplotypes, rather than on the within-locus variation,
which is prone to drift. So, while I disagree with Ellison
et al.’s [2] conclusion that the study supports the hypothesis
of immune-related overdominance in K. marmoratus, I concur
that parasite-mediated balancing selection may play a role in
this system. However, such selection is more likely to act on
the variation present across rather than within MHC loci.
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