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Abstract — The maternally inherited bacterial
endosymbiont of arthropods Wolbachia is deeply integrated
into the biology of its host and can be regarded as a component
of the host cell. There is evidence that Wolbachia contributes to
the fitness of the host species, including the increase in heat
stress resistance and resistance to viral infections. However, the
exact mechanisms of this contribution, as well as Wolbachia-host
interactions in total, remain largely unclear. In order to study
these mechanisms we composed several Drosophila
melanogaster lineages with the same nuclear background (wild
type Bi90 line) and different Wolbachia genotypes in cytoplasm.
Here we showed that the symbiont did not effect on host insect
heat stress resistance and fertility with the exception of two
unique Wolbachia strains: the well-known pathogenic wMelPop

strain and first discovered here wMelPlus.
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Introduction

The Wolbachia pipientis is a intracellular o-
proteobacterium, which is found in 40% of terrestrial
arthropods and is one of the most common prokaryotic
invertebrate symbionts [1]. Wolbachia is transmitted
maternally and can manipulate the reproductive system of the
host in order to promote its spread in the host population [2].
At the same time, the infection with Wolbachia can be useful
for the host [3, 4]. Differences in phenotypic manifestations of
infection can be associated with peculiarities of the host
organism physiology, including the processes of endocrine
regulation of the growth, development, and adaptation [4-6].
However, the mechanisms underlying Wolbachia—host
interactions, as well as mechanisms by which Wolbachia
promotes the host organism adaptation, remain poorly
understood.

According to the phylogeny reconstruction of full genome
sequences, the symbiont diversity in D. melanogaster includes
the IVI and VIII clades [7, 8]. In terms of polymorphism of
certain genome markers the six genotypes were revealed, i.e.
wMel, wMel2, wMel3, wMeld4, wMelCS, wMelCS2 [9, 10].
Regarding the Wolbachia effect or its source (fly stock),
several strains were investigated but one of them, wMelPop,
is the most interesting, especially in our discourse. Wolbachia
diversity can be reduced to unique, monophelytic wMel strain
[11-13], which can be divided into several genotypes. The
wMel genotype includes -V and VIII clades and is the most
widespread [7, 9, 14]. The wMel2 genotype belongs to VIII
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clade, wMel4 — to 111 clade, wMelCS and wMelCS2 belong to
VI clade [7-9, 14]. wMelPop strain is a variant of wMelCS
genotype, which is a virulent Wolbachia variant that over-
replicates massively and shortens the lifespan of its fruit fly
host. [15]. wMelPop is, hence, an exceptional vertically
transmitted symbiont [16]. Here, we found the another unique
Wolbachia strain crucially altering the host fitness but "with
an plus sign" — increasing it.

Results and discussion

To study the effects of various Wolbachia genotypes on D.
melanogaster fitness, we have created a study system that
consists of five conplastic lineages carrying the nuclear
background of one wild-type lineage, Bi90, and cytoplasmic
backgrounds with wMel, wMel2, wMel4, wMelCS and
wMelPop genotype variants of Wolbachia [17]. Bi90 strain
was established from wild-caught female of “Bishkek 2004”
population and interbred for more than 300 generations,
thereby it could be considered a nearly isogenic line. This
strain was earlier characterized by Wolbachia infection
(wMel) [9, 18, 19]. One pair of flies from Bi90 strain was
isolated to get Bi90 branch, which was treated with
tetracycline for 3 generations to make Wolbachia-free Bi90T
strain [4, 14] and was further used in making conplastic strains
and as a control in experiments. Wolbachia donor strains were
also characterized for infection (wMel2, wMel4, wMelPop and
wMelCS) [9, 10, 20]. Two independent runs were performed
to make each conplastic strain, and finally two strains of
‘certain Wolbachia -cytoplasmic/Bi90 nuclear background
were created.

We demonstrated that two of five investigated Wolbachia
variants promote changes in Drosophila heat stress resistance
[17]. What is especially interesting, wMelCS genotype of
Wolbachia increases stress resistance, whereas wMelPop
strain decreases it. wMel, wMel2 and wMel4 genotypes of
Wolbachia do not show any effect on the survival under heat
stress [17].

We also found out that the type of Wolbachia infection
determines the effect on Drosophila melanogaster fecundity
[21]. The wMelCS genotype of Wolbachia decreases egg
production in infected D. melanogaster females in the
beginning of oviposition and increases it later (from the sixth
day after eclosion), whereas the wMelPop Wolbachia strain
causes the opposite effect. wMel, wMel? and wMel4
genotypes of Wolbachia do not show any effect on this trait
compared with uninfected Bi90 D. melanogaster females [21].



Thus, we found out that wMelCS genotype looks like
“antipode” to wMelPop strain. We wondered if these
characteristics were typical to wMelCS genotype on the
whole, or we had run into a unique strain similar to wMelPop
only “with a plus sign”. To clarify this question we created six
more conplastic lineages carrying the Bi90 nuclear
background and cytoplasmic backgrounds with wMelCS
genotype of Wolbachia of different origins.

Testing the viability under heat stress in these lineages
carrying different wMelCS strains we showed that the one
studied previously is truly unique: no other strain of wMelCS
genotype under study showed any effect on survival under
heat stress. So we named this unique Wolbachia wMelCS
strain wMelPlus.

Conclusions

Based on the data obtained, we can conclude that in the
vast majority of cases the Wolbachia endosymbiont does not
affect the fitness of host insect in general. However, a bacteria
variant that sharply increases or decreases host fitness can
appear as a result of mutation.
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