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Wolbachia and Speciation

Arndt Telschow

According to the biological species concept, species
are groups of actually or potentially interbreeding natural
populations that are reproductively isolated from other
such groups (see Coyne and Orr for a review). Usually
a distinction is made between pre- and postzygotic
reproductive isolation. In prezygotic isolation the
formation of the zygote is prevented; for example, by
female mate preferences. Populations are postzygotically
isolated if hybrids have a lower fitness. Dobzhansky first
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noticed that postzygotic isolation between populations
should induce a selection pressure for prezygotic
isolation and thus reinforce isolation between incipient
species. In this so-called reinforcement speciation
scenario it is traditionally assumed that postzygotic
isolation is caused by incompatibilities of nuclear genes
that lead to lower hybrid fitness. Empirically, it has
long been known that postzygotic incompatibilities
can also be caused by cytoplasmic factors like bacteria
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of the genus Wolbachia. However, whereas nuclear
incompatibilities have received much theoretical
attention, there were only verbal descriptions of how
cytoplasmic incompatibilities could reinforce premating
isolation between incipient species. In collaboration with
Norio Yamamura from Center for Ecological Research
(Kyoto University), John Werren from the University
of Rochester (USA), and Peter Hammerstein from
Humboldt University Berlin (Germany), I investigated
theoretically the question whether Wolbachia-induced
cytoplasmic incompatibility could favor the evolution of
female mating preferences and so promote speciation in
their hosts.

Wolbachia is a widespread group of intracellular
bacteria. According to conservative estimates at least
20% of all insect species are infected, and these bacteria
are also common among isopods, mites, and nematodes
(see Bourtzis & Miller for reviews). Wolbachia are well
known for altering the reproduction system of their
hosts in different ways. Most commonly Wolbachia
induce a mating incompatibility, called cytoplasmic
incompatibility (CI) (see fig. 1). Other observed
alterations are the induction of parthenogenesis,
feminization of genetic males, and a phenomenon called
male-killing.

Unidirectional: Bidirectional:
Male Female Male Female
2 2 PR
NO NO
X Offspring & X Offspring
. 753 7Y NO
X Offspring X () Offspring
P e o R
X (n) —— Offspring X —>  Offspring
23 o . o
2 2 @8 AR
X (A) —>  Offspring () X (x) — Offspring

Figure 1: Cytoplasmic incompatibility induced by
Wolbachia. Unidirectional Cl is illustrated on the left side.
When a male infected with Wolbachia (A) mates with an
uninfected female, fewer offspring are produced compared
to all other matings. Bidirectional CI (right side) involves
two different Wolbachia strains. When a male infected with
Wolbachia A mates with a female infected with Wolbachia
B (or the reciprocal), fewer offspring are produced
compared to pairings of males and females infected with
the same Wolbachia strain.
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Bidirectional CI

We investigated theoretically whether Wolbachia-
induced bidirectional CI selects for premating isolation
and therefore reinforces genetic divergence between
parapatric host populations (Telschow et al. 2005a,
2005b). To achieve this we combined models for
Wolbachia dynamics with a well-studied reinforcement
model. This new model allowed us to compare the
effect of bidirectional CI on the evolution of female
mating preferences with a situation in which postzygotic
isolation is caused by nuclear genetic incompatibilities
(NI). We distinguished between nuclear incompatibilities
caused by two loci with epistatic interactions, and a
single locus with incompatibility among heterozygotes
in the diploid phase. Our main findings are: (1)
bidirectional CI and single-locus NI select for premating
isolation with a higher speed and for a wider parameter
range than does epistatic NI; (2) bidirectional CI and
single locus NI can stably persist up to migration rates
that are two times higher than seen for epistatic NI.
The latter finding is important because the speed with
which mutants at the preference locus spread increases
exponentially with the migration rate.

These findings generally support the view that
bidirectional CI could promote speciation in Wolbachia-
infected hosts via reinforcement of premating isolation.
The role of Wolbachia would be to maintain genetic
divergence of genes for locally adaptive traits and to
select for divergence in mating preference. Our results
show that CI is equally effective as single-locus NI
and much more effective than epistatic NI in selecting
for divergence in mate preference. Since nuclear
incompatibilities tend to be recessive and epistatic early
in the speciation process (Coyne and Orr 2004), the
results suggest that, all other things being equal, CI is
more likely than NI to select for premating isolation in
the crucial early stages of speciation.

Unidirectional CI

It is generally believed that unidirectional CI
cannot promote speciation in hosts because infection
differences between populations will be unstable and
gene flow will eliminate differences between diverging
populations. In a recent study we investigated the role
of Wolbachia-induced unidirectional CI on genetic
divergence and reinforcement using a mainland-island
model (Telschow et al., under review). We demonstrated
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analytically that unidirectional CI is a stable postzygotic
isolation mechanism between an infected mainland
and an uninfected island if migration is below a critical
migration rate, and showed that this postzygotic isolation
causes a gene flow reduction between the populations
and selects in the island for both local adaptations and
premating isolation. Interestingly, premating isolation
is most likely to evolve if levels of incompatibility are
intermediate, if the infection causes fecundity reductions
or Wolbachia transmission is incomplete. This is
because under these circumstances an infection pattern
with an infected mainland and an uninfected island can
persist in the face of comparably high migration.

These findings generally support the view that
Wolbachia-induced unidirectional CI could be a factor
in host speciation, but only under certain conditions. The
role of Wolbachia would be to reduce gene flow between
populations, allowing genetic divergence for locally
adaptive traits, and to select for premating isolation.
Our results suggest that peripheral populations that have
lost their Wolbachia infection are able to maintain local
adaptation in the face of migration better than peripheral
populations that maintain their infection. This means
that if recurrent peripheral populations occur, it is the
ones that lose their Wolbachia that are more likely to
diverge into new species. This could be considered a
form of population selection, where populations that
lose their infections are better able to “resist” gene
flow and therefore locally adapt and evolve into new
species. The scenario is not simply hypothetical. North

-17-

American populations of the fireant Solenopsis invicta,
which were established by presumably small founding
populations due to human transport, are devoid of
Wolbachia, whereas South American source populations
show infection polymorphisms. In the wasp Nasonia
longicornis, western populations are infected with two
Wolbachia strains, whereas rare eastern isolates are
uninfected. Thus, the scenarios envisioned here could
occur in nature.

In summary, our results show that Wolbachia favors
the evolution of female mating preference under a
broad variety of conditions. The findings suggest that
bidirectional CI might play a crucial role in some
speciation events, whereas unidirectional CI is likely to
promote speciation in concert with other genetic factors.
We therefore argue that uni- and bidirectional CI should
be added to the list of mechanisms that might favor
speciation.
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