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Abstract. Symbiotic bacteria of the genus Wolbachia are widespread in Drosophila melanogaster populations. Based
on the polymorphism of the Wolbachia genome, the symbionts’ diversity in D. melanogaster is presented by two
groups: MEL (wMel, wMel2, wMel3 and wMel4) and CS (wMelCS and wMelCS2). The wMel genotype is predominant
in natural D. melanogaster populations and is distributed all over the world. The CS genotypes, on the other hand, are
of particular interest because it is unclear how they are maintained in the fruit fly populations since they should have
been eliminated from them due to their low frequency and genetic drift or been replaced by the wMel genotype.
However, this is not what is really observed, which means these genotypes are supported by selection. It is known
that the wMelPlus strain of the wMelCS genotype can increase the lifespan of infected flies at high temperatures.
The same genotype also increases the intensity of dopamine metabolism in Drosophila compared to the MEL-group
genotypes. In the present study, we searched for the rare Wolbachia wMelCS and wMelCS2 genotypes, as well as
for new genotypes in wild-type D. melanogaster strains and in several mutant laboratory strains. The symbiont was
found in all populations, in 200 out of 385 wild-type strains and in 83 out of 170 mutant strains. Wolbachia diversity
in D. melanogaster wild-type strains was represented by the wMel, wMelCS and wMelCS2 genotypes. More than 90 %
of the infected strains carried wMel; 9 %, wMelCS2; and only two strains were found to carry wMelCS. No new Wolba-
chia genotypes were found. The northernmost point reported for the wMelCS2 genotype was Izhevsk city (Udmur-
tia, Russia). For the first time the wMelCS2 genotype was detected in D. melanogaster from the Sakhalin Island, and
wMelCS, in the flies from Nalchik (the North Caucasus). A comparison of Wolbachia genetic diversity between the
wild-type laboratory strains and previously obtained data on mutant laboratory strains demonstrated differences in
the frequencies of rare CS genotypes, which were more prevalent in mutant strains, apparently due to the breeding
history of these Drosophila strains.
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AHHoTayusa. CumbunoTnyeckme baktepun poga Wolbachia wmnpoko pacnpoctpaHeHbl B nonynauuax Drosophila me-
lanogaster. Ha ocHoBe nonnmopdursmMa nepectpoek reHoma pasHoobpasue Wolbachia y D. melanogaster noppas-
nensetca Ha ase Knagbl: MEL (reHotunbl wMel, wMel2, wMel3 n wMel4) n CS (wMelCS n wMelCS2). leHotrn wMel
LOMVHUPYET B NMPUpPOAHbIX nonynauuax D. melanogaster v pacnpocTpaHeH no scemy mupy. feHotunbl CS-Knagpl
npeaCcTaBAAT 0COO6bI MHTEPEC, MOCKONbKY HEUM3BECTHO, KaK OHV NOAAepKMBatoTcA B nonynauuax D. melanogaster.
Mpwy HX3KOI YacToTe BCTPEUYAEMOCTM OHU AOMKHBI SNMUMUHUPOBATLCA BCIEACTBUE FeHETNYECKOro Apelida nnu Bbl-
TecHATbCA reHoTnom wMel, uero B gencTBUTENBHOCTY He NpouncxoauT. CnefoBaTenbHO, STU FEHOTUMbI MOAAEPXKN-
BatoTcA ot6opom. Hanpumep, wramm wMelPlus (reHotrn wMelCS) cnocobeH yBenuunBaTtbh NPOLOSIXKUTENIBHOCTb
MKM3HM MyX NP NOBbILIEHHbIX TeMnepaTtypax. leHoTun wMelCS TakKe yBennumnBaeT MHTEHCMBHOCTb JOdaMMHOBOIO
MeTabonuama y 4po3odun no cpaBHeHuto ¢ reHoTunamu MEL-Knagpl. B HacToswwen pabote npoBeaeH NONCK PeAKNX
reHoTunos Wolbachia wMelCS n wMelCS2, a Tak»e HOBbIX FeHOTUMOB B NUHUAX D. melanogaster oukoro Tvna u B oT-
LenbHbIX MyTaHTHbIX IMHUAX NabopaTopHOro dboHaa. CUMOUOHT GbiN BbIABNEH BO BCEX MOMYMALMOHHbBIX BbiGOpKax y
200 13 385 nuHuii Arkoro Tina ny 83 n3 170 myTaHTHbIX. PasHoobpasue Wolbachia B nuHuax D. melanogaster pukoro
TUna npegcTtasneHo reHotunamu wMel, wMelCS n wMelCS2. bonee 90 % nHpmumpoBaHHbIx nuHMin HecyT Wolbachia
wMel reHoTuna, 9 % — wMelCS2, n Tonbko B ABYX NuHMAX obHapyxeH wMelCS. HoBbix reHotunos Wolbachia He
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3adukcpoBaHo. Ana reHotmna wMelCS2 oTmeyeHa Hambonee ceBepHas TouKa pacrnpocTpaHeHusa — MxkeBck (Ya-
MypTuA). BnepBsble nokasaHo npucytcteue reHotna wMelCS2 B nuHumn D. melanogaster n3 nonynaumm o. CaxanuH,
a B IHUM 13 nonynauun r. Hanbumk — reHoTtrna wMelCS. CpaBHeHue reHeTuyeckoro pasHoobpasusa Wolbachia mex-
Ay NnabopaTopHbIMY IMHUAMY JUKOTO TWMa U paHee NoMyYeHHbIMU AaHHbIMY A1 MYTaHTHbIX 1a60PaTOPHbIX IMHWUI
noKasasio pasnnume B YacToTax pefKmx reHoTunos CS-rpynmbl, y MyTaHTHbIX JIMHWIA X 6OMblUe, YTO MOXKeT ObITb

CBA3AHO C NCTOpMel noaaepaHna nuHuin Drosophila.

KntoueBble cnoBa: Drosophila melanogaster; Wolbachia; reHotunbl; nabopaTopHbI GoHA,.

Introduction

Symbiotic bacteria of the Wolbachia genus are widespread in
Drosophila melanogaster populations (Riegler et al., 2005;
Richardson et al., 2012; Ilinsky, 2013; Bykov et al., 2019).
Apart from a number of point mutations, these Wolbachia
genomes differ by a series of the rearrangements that can be
casily detected by polymerase chain reaction (PCR) assay
followed by electrophoretic analysis as per M. Reigler et al.
(2005). Their polymorphism has enabled one to distinguish
MEL (wMel, wMel2, wMel3 and wMel4) and CS (wMelCS
and wMelCS2) group of genotypes (Riegler et al., 2005;
Ilinsky, 2013). The wMel genotype, whose name is similar
to that of the strain, prevails in D. melanogaster, the others
have either rare or local spread (Riegler et al., 2005; Ilinsky,
Zakharov, 2007a, b; Ilinsky, 2013; Bykov et al., 2019), e. g.
while being widely spread in the world, the wMelCS genotype
is rare, where its prevalence does not exceed 10 % (Riegler
et al., 2005; Ilinsky, Zakharov, 2007a, b; Serga et al., 2014;
Bykov et al., 2019).

Meanwhile, the wMelCS2 genotype is often detected in
the D. melanogaster populations of Eastern Europe, Central
and Northern Asia and Western Siberia, whose prevalence in
some samples could reach up to 40 % (Riegler et al., 2005;
Ilinsky, Zakharov, 2007a, b; Ilinsky, 2013; Bykov et al., 2019).
In the strains of South and South-East Asia, singular cases of
wMel2 genotype presence have been detected (Riegler et al.,
2005; Bykov et al., 2019), while the wMel4 genotype was
first registered in the Sinai Peninsula, and no other data are
currently available regarding its spread (Ilinsky, 2013). The
wMel3 genotype was found only in a single laboratory strain
and is most likely absent in the wild (Riegler et al., 2005).

Detailed genome analysis of the Wolbachia bacteria in
D. melanogaster confirmed the abovementioned subdivision
and enabled one to subdivide the MEL and CS groups into
several clades (Richardson et al., 2012; Chrostek et al., 2013;
Early, Clark, 2013; Ilinsky, 2013). Thus, the most widespread
wMel genotype has four (I, II, IIT and V) clades, and the
wMel2 genotype — two (IV and VIII). As for the CS group, it
has only one clade (Richardson et al., 2012; Chrostek et al.,
2013; Ilinsky, 2013). Analysis of the nucleotide polymorphism
of the full genomes of the wMelCS and wMelCS2 genotypes
detected four haplotypes (Bykov et al., 2019). One of which
is present in wild-type D. melanogaster and the mutant strains
of the fruit-fly stock, while the others have only been found
in a small number of mutant strains, which confirms the low
genetic diversity of the CS group.

For some of the Wolbachia genotypes, their effect on the
fruit fly’s biological features has been described, e. g., clade V
of the wMel genotype prevailing in the D. melanogaster po-
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pulation of the Palearctic (Bykov et al., 2019), and clade VI
of'the wMelCS genotype induce weak cytoplasmic incompati-
bility (Ilinsky, Zakharov, 2011; Ilinsky, 2013). Comparing the
temperature survivability of flies (Versace et al., 2014; Maz-
zucco et al., 2020) has shown that those infected with clade V
of the wMel genotype withstand cold temperatures better
than those infected with clade VI of the wMelCS genotype
and clades I, 11, III of the wMel genotype. D. melanogaster
also change their temperature preferences depending on the
infection status and Wolbachia genotype (Arnold etal., 2019;
Truitt et al., 2019). It has been demonstrated that wMelCS
increases dopamine metabolism intensity unlike the wMel,
wMel2 and wMel4 genotypes (Gruntenko et al., 2017). The
female fruit flies infected with the wMel genotype are more
productive than non-infected ones or those infected with the
wMelCS genotype (Serga et al., 2014). The authors also note
the wMelCS genotype is able to reduce the fruit fly’s fertility.

Many data have been accumulated to describe Wolbachia’s
spread and variability in the wild D. melanogaster populations
(Hoffmann et al., 1994, 1998; Riegler et al., 2005; Ilinsky,
Zakharov, 2007a, b; Vesprool, Haddrill, 2011; Bykov et al.,
2019), while the set of investigations studying the issue in the
laboratory strains includes only two reports (Clark et al., 2005;
Ilinsky et al., 2014). A study of the flies kept at Bloomington
Drosophila Stock Center was carried out only to estimate the
infection degree in wild-type strains and the strains containing
different mutation groups and P-element (Clark et al., 2005).
It demonstrated the differences in the number of infected lines
for different groups of fruit flies, which were probably related
to their breeding history.

The second study was carried out in the stock of Laboratory
of Population Genetics of Institute of Cytology and Genetics,
Siberian Branch of the Russian Academy of Sciences, and its
objective was not only to detect Wolbachia infection frequency
but also to estimate its genetic diversity in the mutant strains
of the stock (Ilinsky et al., 2014). It has been found the line
groups with different mutation differed both in terms of infec-
tion frequency and Wolbachia genotype composition. In some
cases, it could be related to the breeding history, in particular,
to using the specific infected balancing strains for maintaining
certain mutations.

When it comes to Wolbachia’s genetic diversity, the CS
group is of particular interest for it is still unknown how these
genotypes are maintained in D. melanogaster populations.
Considering their low frequency, they should be eliminated
in the populations either due to genetic drift or being replaced
by the wMel genotype, but this is not what happens in reality
(Riegler et al., 2005; Ilinsky, 2013; Bykov et al., 2019). It is
likely that these genotypes are supported thorough selection.
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Recently, new data have been published concerning some
phenotypic effects observed in this genotype group, €. g., the
wMelPlus strain of wMelCS genotype increases the flies’
survival in presence of thermal stress. However, the mecha-
nism of this phenomenon remains unknown (Burdina et al.,
2021). Another strain (wMelPop) of the same genotype was
detected when observing flies’ death due to rampant bacterial
proliferation in the host’s cells (Min, Benzer, 1997; Woolfit
etal., 2013).

Genetic differentiation and comparative analysis of Wol-
bachia isolates will make it possible to detect new effects
and understand the mechanisms of host-symbiont interac-
tions, which can later be used for practical applications, e. g.,
for the wMel and wMelCS genotypes, their ability to block
mosquito-borne viral infections has been found. In other
words, they prevent dengue fever, Zika virus infection and
other viral infections when they are transmitted from the fruit
fly to the mosquito (Schultz et al., 2017; Xue et al., 2018;
Flores et al., 2020).

The aim of the present study was performing a search in
the D. melanogaster strains of the laboratory stock of Institute
of Cytology and Genetics of Siberian Branch of the Russian
Academy of Sciences to detect the rare Wolbachia genotypes
such as wMelCS and wMelCS2 as well as new genotypes.
These strains can later be used to investigate the effect Wol-
bachia has on the biological features of D. melanogaster, in
particular, to analyze its effect on the metabolism of infected
fruit-fly strains, their fertility and thermal stress resistance.
The results of our study will also complement to the early
obtained data on Wolbachia diversity in natural and laboratory
populations of D. melanogaster.

Materials and methods
In the study, 555 strains of D. melanogaster from the labora-
tory stock of Institute of Cytology and Genetics of Siberian
Branch of the Russian Academy of Sciences were used. The
lines were bred from the natural populations collected in dif-
ferent regions of Russia, Ukraine and Kyrgyzstan from 1985
to 2016 as well as in Kenia in 2019 (Tables 1 and 2). For the
DNA extraction, pools of five females were used. The flies
were homogenized in STE buffer (100 mM NaCl, 10 mM
Tris-Cl, pH 8.0, 1 mM EDTA, pH 8.0) and incubated during
an hour at 56 °C. After the incubation, the samples were cen-
trifuged at 13,000 RPM for 10 min for debris removal, and the
supernatant was PCR assayed for 1) presence of Wolbachia
(whole collection); 2) infection frequency and presence of rare
Wolbachia genotypes (370 wild-type strains (see Table 1));
for the population represented with more than 10 strains,
infection frequency was determined and 95 % confidence
intervals (CI) was estimated using Clopper—Pearson method;
3) CS-genotype diversity (170 strains containing natural muta-
tions (see Table 2)); 4) possible infection loss (15 strains of
wild-type D. melanogaster from the Tomsk population (see
Table 1) that had been earlier characterized in terms of their
Wolbachia genotype and infection status (Bykov etal., 2019)).
The Wolbachia infection status and genotype were de-
termined according M. Riegler et al. (2005) based on four
markers such as insertion in WD 1310 and WD 0516 locus;
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the number of vntr 105 and vntr 141 minisatellite repeats.
For the 170 mutant strains, Wolbachia presence was checked
only for loci 1310 and 0516/7 to determine whether the
bacteria belonged to the MEL or CS group. For the detected
CS variants, additional assay for loci vatr 105 and vntr 141
was carried out to distinguish the wMelCS and wMelCS2
genotypes. These 170 strains were discarded from the analy-
sis of the infection and genotype frequencies since they did
not provide information on the symbiont’s prevalence in
the population. Statistical analysis of the obtained data was
performed using the Minitab 17.1.0 software (Minitab Inc.,
State College, PA, USA).

Results

In the 555 strains of D. melanogaster assayed, the Wolbachia
infection was detected in 51.9 % of wild-type (see Table 1)
and 48.8 % of mutant (see Table 2) strains. In the assayed
wild-type strains, the infection rate varied from 15.8 to 100 %
(see Table 1), 52 % on average (95 % CI 46.8-57.0 %). The
symbiont was detected in all population samples. Fifteen
strains of the Tomsk population turned out to be infected with
Wolbachia of expected genotype, i.e., no infection loss after
10 years of breeding was found.

Wolbachia diversity in the assayed wild-type D. mela-
nogaster strains was represented by three genotypes wMel,
wMelCS and wMelCS2. More than 90 % of infected strains
carried the wMel genotype, that correlated with its dominance
in natural populations worldwide (Riegler et al., 2005; Ilinsky,
Zakharov, 2007a, b; Bykov et al., 2019). About 9 % of the
infected strains obtained from the natural populations of Altai
(Gorno-Altaisk, Biysk), Kyrgyzstan (Bishkek) and Udmurtia
(Izhevsk) carried the wMelCS2 genotype. The only case of
wMelCS was detected in a strain from a natural population
of Ukraine. Rare CS-clade variants were also found in the
mutant flies from the populations of Sakhalin and Nalchik
(see Table 2). At the same time, the wMelCS genotype had
never been found in Sakahlin earlier as well as wMelCS had
never been detected in Nalchik.

Discussion
In the present study, we carried out a search for the Wolbachia
bacteria of wMelCS and wMelCS2 genotypes in the D. me-
lanogaster strains collected from natural populations and
maintained in laboratory stock for 3—36 years. These genetic
variants of the symbiont are rare in natural populations but still
can be widely spread worldwide (Riegler et al., 2005; Ilinsky,
Zakharov, 2007a, b; Bykov et al., 2019). In the majority of
cases in this study they were found in the strains from the
regions where these genotypes had been registered earlier.
In Udmurtia (Izhevsk), the wMelCS2 genotype had never
been registered in D. melanogaster, which was probably due
to the small number of assayed strains (Ilinsky, Zakharov,
2007a). For the time being, this is the northernmost geographi-
cal location where this genotype has been registered (Bykov
et al., 2019), but one has to keep in mind that we know quite
a little about the northern populations of D. melanogaster
and the boundaries of its spread can be much wider than the
ones known to us today. At the same time, accidental delivery
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Table 1. Wolbachia prevalence and genetic content in the wild-type D. melanogaster strains from the laboratory stock
of Institute of Cytology and Genetics, Siberian Branch of the Russian Academy of Sciences

Region, year N/N,,, (%w+; 95 % CI)* Number of genotypes™*
UkrameKlev1985 ................................................... 1/1 ........................................................................... W Me|C52 ..............................................................
CnmeaMagarach1990 .......................................... 7 /4 .......................................................................... W Mel ....................................................................
UkramezaporOZhewgo ....................................... 9 /1 ........................................................................... W Mel ....................................................................
Russ'a GO mOAltaISk 1 . 992 ..................................... 8 /5 .......................................................................... W Me|(1)WMe|CS 2 (4) ........................................
Russia,Biysk, 1993 49/20(408%27.0-558%) wMel (14, wMelCS2(6)
Ukrameleopo|1997 ............................................ 10/6(60%26_88%) ............................................ W Me| ....................................................................
Russ'a IZheVSk . 20 0 0 ............................................... 1 0/5(5 0 . % 1 9 . 81%) ............................................ W Mel ....................................................................
Russ'a Karambay 2000 ........................................... 1 9/3(1 5 8 . % . 33 8 . 3 96 %) ................................... W Mel ....................................................................
Russ'apychaszooo ................................................ 11/7(636%308_891%) ................................... W Mel ....................................................................
Ukram e ; Cherka Ssy 200 0 ........................................ 3 0/1 . 2( 4 0 % 2 27_594 %) .................................... W Mel ....................................................................
Kyrgyzstan, Bishkek, 2001 - 25/604% 9-45% wMel (@), wMelcs2)
Russ'a PyChas . 2 001 ................................................. 2 8/1 . 9( 6 79 : %4 76 § 841%) ................................. W Me| ....................................................................
Uraine, Cherkassy, 2001 46/1022%11-36%) wMel @), wMelcs ()
Russ'a Adle rz 002 ................................................... 2 / 1 ........................................................................... W Mel ....................................................................
Russia, lzhevsk 2002 22/15(682%:45.1-861%) wMel (14, wMelCS2()
Ky rgyzstanBIShkek 2006 ....................................... 3 /3 .......................................................................... W Me|(2)WMe|CS 2 (1) ........................................
Russ'aKrasnodarzo% ........................................... 11/8(73%39_94%) ............................................ W Me| ....................................................................
Russ'a TomSk 2 0 06 ................................................. 3 /2 .......................................................................... W Me| ....................................................................
Ukralneleopo|2006 ............................................ 17/7(412%184_671%) ................................... W Mel ....................................................................
CnmeaMagaraChzoos 4/2 .......................................................................... W Mel ....................................................................
UkrameKlevzoos ................................................... 2 /2 .......................................................................... W Mel ....................................................................
UkramePOIeSSkoezoos ......................................... 14/10(714%42_92%) ....................................... W Mel ....................................................................
UkrameChemoby|2008 ........................................ 10/7(70%35_93%) ............................................ W Me| ....................................................................
Russ'a TomSk 2 0 11*** ............................................ 1 5/1 5( 1 00 : /0 782_100%) ................................... W Mel ....................................................................
KemaNaerbyzmg ................................................ 1/1 ........................................................................... W Mel ....................................................................
KemaKlta|e2019 .................................................... 10/10(100%69_100%) ...................................... W Me| ....................................................................
Kema KIbOkO . 20 1 9 ................................................. 8 /8 .......................................................................... W Me| ....................................................................
Kema 2019 ............................................................... 1 0/1 . 0( 1 00 . /0 6 9_100%) ...................................... W Mel ....................................................................
TOtaI ........................................................................... 3 85/20 0 .................................................................. W Me|“84) Wme | CS (1)WMe|CS 2 (15) .............

* N - the number of assayed strains; N,,, — the number of infected strains; %w- - proportion of infected samples; 95 % confidence intervals were estimated using

the Clopper-Pearson method for samples with N = 10; ** the number are indicated in cases of several genotypes detected;

characterized (Bykov et al., 2019).

of D. melanogaster infected with this Wolbachia genotype
together with products should not be excluded. So, later it
may disappear from the local population due to the death
of its hosts in the winter period. A similar case of accidental
delivery was probably observed in the mutant strain from the

*** the strains have been earlier

Sakhalin Island. These flies had wMelCS-genotype Wolbachia
that had never been registered in this territory.

Earlier, we characterize in detail the infection rate and ge-
netic diversity of Wolbachia in D. melanogaster populations
from Nalchik collected in 2010-2013, the single cases of
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Table 2. Wolbachia prevalence in the collection of mutant D. melanogaster strains derived from natural populations

Region, year N/Ny. NueL Ncs (genotype)
Russwsakhalmzom_zom .................................... 128/53 .................................. 5 2 ......................................... 1(WMe|C52) ...............................................
Russ'aNa|ch|k200042/30 .................................... 2 54(WMe|C52)1(WMe|CS) ..........................
Tota| ............................................................................ 1 70/8 3 .................................. 7 7 ......................................... 5 (WMe|CS 2 ) 1(WMe|CS ) ..........................

Note. N - the number of assayed strains; N,,., — the number of infected strains; Njyg, Ncs — the number of the strains harboring Wolbachia of MEL and CS clades,
respectively.

Table 3. Comparison of Wolbachia’s genetic compositions in the wild-type, mutant and natural strains of D. melanogaster

Strains Nymel/YowMel 95 % Cl Rare genotypes Rare 95% Cl
(wMelCS, wMelCS2, wMel2, wMel4)  genotypes, %
W,|dtype .................................................. 184/92 ................ 8 7_95 ................. 168 ........................... 5 _13 ................
Mutant(||mskyeta|2014) ..................... 6 0/43 .................. 3 5_52 ................. 7 85748_65 ..............
Natura|(Bykoveta|201g) ...................... 8 52/98 ................ 9 6_99 ................. 172 ............................ 1_3 ..................

Note. Ny el — the number of strains with Wolbachia of the wMel genotype; %wMel - percents of strains with Wolbachia of the wMel genotype.

Table 4. Wolbachia infection frequencies for the wild-type, mutant and natural strains of D. melanogaster

Strains N Nyt N, Infection 95 % Cl
frequency, %
W||dtype ............................................................ 3 85 ........................... 2 00 ........................... 185 ............................ 5 247_57 .....................
M Uta n t(”mSky eta| 20 ]4) ............................... 3 53 ........................... ] 38 ........................... 2 15 ............................ 3 9 ............................. 3 4_44 .....................
Natura|(Bykoveta|2019) ............................... 1505 ......................... 8 69636 ........................... 5 7 ............................. 5 5_60 .....................

Note. N - the number of strains; N,,.,, N,,_ — the number of infected and uninfected strains, respectively.

wMelCS2 genotype were found (Bykov et al., 2014, 2019).
Analysis of the mutant strains bred from the Nalchik popula-
tion in 2000 demonstrated the presence of both wMelCS2
and wMelCS genotypes. The available data enable us to
conclude that wMelCS?2 is constantly supported in the popula-
tions of this region. The detected case of wMelCS genotype
confirm our earlier assumption that this variant of bacteria
can present in the fly populations of Nalchik (Bykov et al.,
2014). The long-term presence of rare Wolbachia genotypes
in D. melanogaster may be due to several reasons, e.g., the
flies harboring the wMelCS and wMelCS2 genotypes may
overwinter and produce new generations of infected insects
(Kriesner et al., 2016; Bykov etal., 2019). Also, the symbiont
itself may provide advantages for infected species (Hedges
et al., 2008; Teixeira et al., 2008; Gruntenko et al., 2017) or
induce the reproductive abnormalities that sustain infection
in the population (Ilinsky, Zakharov, 2011; Ilinsky, 2013).
In the mutant laboratory strains of D. melanogaster, the
wMelCS and wMelCS2 genotypes occur much more often,
which is due to strains’ breeding history that involved using of
the balancing strains infected with these Wolbachia genotypes
(Ilinsky et al., 2014). Comparative analysis of Wolbachia
genetic diversity in the natural, mutant and wild-type strains

demonstrated the presence of statistically significant differ-
ences in genotype ratio between the stock’s wild-type strains
and the natural populations (Fisher’s exact test, p = 7x1075).
The symbiont’s genetic composition in the mutant strains also
differed significantly from that in the natural strains (Fisher’s
exact test, p < 1x1078 for both cases) (Table 3).

In general, the Wolbachia prevalence in the stock’s cultures
of D. melanogaster was comparable to those in the studies
that had been published earlier, which confirms the symbionts
is ubiquitous and its occurrence is of high frequency (Ilinsky,
Zakharov, 2007a; Vespoor, Haddrill, 2011; Serga et al., 2014;
Bykov etal., 2019). Detailed comparison of our data for wild-
type strains to those for mutant strains and natural ones showed
some differences in Wolbachia infection frequency, hence both
mutant and wild-type strains were different from the natural
ones (Fisher’s exact test, p = 0.043 and p < 1x10-8 for both
cases). They differed from one another as well (p = 0.0005)
(Table 4).

A possible explanation of the differences in infection fre-
quencies between natural and wild-type strains is to say some
of'the lines experienced infection loss after many generations.
It is known that Wolbachia can eventually be lost in maternal
lineage due to incomplete maternal transition, and in absence
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of any positive effect on its host can be completely eliminated
from a population (Hoffmann et al., 1998; Ilinsky et al., 2014).
Our analysis demonstrated that the symbiont preserved itself
in the 15 lines of fruit flies from Tomsk, whose populations
had been maintaining during 10 years. On the other hand,
the mutant strains of D. melanogaster had demonstrated pos-
sible cases of infection loss (Ilinsky et al., 2014). In (Ilinsky,
2013), strain S400 infected with clade 111 of wMel genotype
experienced infection loss (data not shown).

Conclusion

The present study found two strains of D. melanogaster
infected with the wMelCS genotype of Wolbachia, and
20 strains — with the wMelCS2 genotype. These strains will
be further investigated to estimate the effect the symbiont
has on the fruit fly’s biology. Our study has extended the
boundaries of wMelCS2 spread, whose northernmost point
now is Udmurtia (Izhevsk). Our results confirm Wolbachia
can be sustained in laboratory strains, which does not exclude
the likelihood of infection loss after long-term breeding. The
symbiont’s infection frequency and genotypic composition are
in general comparable to those estimated in natural populations
and supplement the available data. When compared against
those in the mutant strains, Wolbachia infection frequency and
genotypic composition in the wild-type strains turned out to
be closer to those observed in natural populations.

References

Arnold P.A., Levin S.C., Stevanovic A.L., Johnson K.N. Drosophila
melanogaster infected with Wolbachia strain wMelCS prefer cooler
temperatures. Ecol. Entomol. 2019;44(2):287-290. DOI 10.1111/
een.12696.

Burdina E.V., Bykov R.A., Menshanov P.N., Ilinsky Y.Y., Grunten-
ko N.E. Unique Wolbachia strain wMelPlus increases heat stress re-
sistance in Drosophila melanogaster. Arch. Insect Biochem. Physiol.
2021;106(4):¢21776. DOI 10.1002/arch.21776.

Bykov R.A., Ilinskii Yu.Yu., Voloshina M.A., Zakharov 1.K. Preva-
lence and genotypic diversity of the symbiotic bacterium Wolbachia
in the Drosophila melanogaster population of Nalchik. Russ. J.
Genet. Appl. Res. 2014;4:539-542. https://doi.org/10.1134/S207905
9714060057.

Bykov R.A., Yudina M.A., Gruntenko N.E., Zakharov LK., Vo-
loshina M.A., Melashchenko E.S., Danilova M.V., Mazunin 1.O.,
Tlinsky Y.Y. Prevalence and genetic diversity of Wolbachia endo-
symbiont and mtDNA in Palearctic populations of Drosophila mela-
nogaster. BMC Evol. Biol. 2019;19(1):45-53. DOI 10.1186/s12862-
019-1372-9.

Chrostek E., Marialva M.S., Esteves S.S., Weinert L.A., Martinez J.,
Jiggins F.M., Teixeira L. Wolbachia variants induce differential pro-
tection to viruses in Drosophila melanogaster: a phenotypic and
phylogenomic analysis. PLoS Genet. 2013;9(12):¢1003896. DOI
10.1371/journal.pgen.1003896.

Clark M.E., Anderson C.L., Cande J., Karr T.L. Widespread prevalence
of Wolbachia in laboratory stocks and the implications for Dro-
sophila research. Genetics. 2005;170(4):1667-1675. DOI 10.1534/
genetics.104.038901.

Early A.M., Clark A.G. Monophyly of Wolbachia pipientis genomes
within Drosophila melanogaster: geographic structuring, titre va-
riation and host effects across five populations. Mol. Ecol. 2013;
22(23):5765-5778. DOI 10.1111/mec.12530.

Flores H.A., Taneja de Bruyne J., O’Donnell T.B., Tuyet Nhu V., Thi
Giang N., Thi Xuan Trang H., ... Thi Hue Kien D., Thuy Vi T.,

558

Rare Wolbachia genotypes
in laboratory Drosophila melanogaster strains

Willis B., O’Neill S.L., Simmons C.P., Carrington L.B. Multiple
Wolbachia strains provide comparative levels of protection against
dengue virus infection in Aedes aegypti. PLoS Pathog. 2020;16(4):
¢1008433. DOI 10.1371/journal.ppat.1008433.

Gruntenko N.E., Ilinsky Y.Y., Adonyeva N.V., Burdina E.V., By-
kov R.A., Menshanov P.N., Rauschenbach 1.Y. Various Wolbachia
genotypes differently influence host Drosophila dopamine meta-
bolism and survival under heat stress conditions. BMC Evol. Biol.
2017;17(2):15-22. DOI 10.1186/s12862-017-1104-y.

Hedges L.M., Brownlie J.C., O’Neill S.L., Johnson K.N. Wolbachia
and virus protection in insects. Science. 2008;322(5902):702. DOI
10.1126/science.1162418.

Hoffmann A.A., Clancy D.J., Merton E. Cytoplasmic incompatibility in
Australian populations of Drosophila melanogaster. Genetics. 1994;
136(3):993-999. DOI 10.1093/genetics/136.3.993.

Hoffmann A.A., Hercus M., Dagher H. Population dynamics of the
Wolbachia infection causing cytoplasmic incompatibility in Droso-
phila melanogaster. Genetics. 1998;148(1):221-231. DOI 10.1093/
genetics/148.1.221.

Ilinsky Y. Coevolution of Drosophila melanogaster mtDNA and Wol-
bachia genotypes. PLoS One. 2013;8(1):e54373. DOI 10.1371/
journal.pone.0054373.

Ilinsky Y.Y., Bykov R.A., Zakharov 1.K. Cytotypes of mutant Dro-
sophila melanogaster stocks from the collection of the genetics of
population laboratory of the Institute of Cytology and Genetics SB
RAS: genotypes of the Wolbachia endosymbiont and host mitotypes.
Vavilovskii Zhurnal Genetiki i Selektsii = Vavilov Journal of Gene-
tics and Breeding. 2014;17(3):404-423. (in Russian)

Ilinsky Yu.Yu., Zakharov I.K. The endosymbiont Wolbachia in Eur-
asian populations of Drosophila melanogaster. Russ. J. Genet.
2007a;43(7):748-756. DOI 10.1134/S102279540707006X.

Ilinsky Yu.Yu., Zakharov LK. Infection of the Uman’ population of
Drosophila melanogaster with the cytoplasmic endosymbiont Wol-
bachia. Dokl. Biol. Sci. 2007b;413(1):166-168. DOI 10.1134/S0012
496607020238.

Ilinsky Yu.Yu., Zakharov L.K. Cytoplasmic incompatibility in Dro-
sophila melanogaster is caused by different Wolbachia genotypes.
Russ. J. Genet. Appl. Res. 2011;1(5):458-462. DOI 10.1134/S20790
59711020031.

Kriesner P., Conner W.R., Weeks A.R., Turelli M., Hoffmann A.A.
Persistence of a Wolbachia infection frequency cline in Drosophila
melanogaster and the possible role of reproductive dormancy. Evo-
lution. 2016;70(5):979-997. DOI 10.1111/ev0.12923.

Mazzucco R., Nolte V., Vijayan T., Schlétterer C. Long-term dyna-
mics among Wolbachia strains during thermal adaptation of their
Drosophila melanogaster hosts. Front. Genet. 2020;11:482. DOI
10.3389/fgene.2020.00482.

Min K.T., Benzer S. Wolbachia, normally a symbiont of Drosophila,
can be virulent, causing degeneration and early death. Proc. Natl.
Acad. Sci. USA. 1997;94(20):10792-10796. DOI 10.1073/pnas.94.
20.10792

Richardson M.F., Weinert L.A., Welch J.J., Linheiro R.S., Mag-
wire M.M., Jiggins F.M., Bergman C.M. Population genomics of the
Wolbachia endosymbiont in Drosophila melanogaster. PLoS Genet.
2012;8(12):¢1003129. DOI 10.1371/journal.pgen.1003129.

Riegler M., Sidhu M., Miller W.J., O’Neill S.L. Evidence for a global
Wolbachia replacement in Drosophila melanogaster. Curr. Biol.
2005;15(15):1428-1433. DOI 10.1016/j.cub.2005.06.069.

Schultz M.J., Isern S., Michael S.F., Corley R.B., Connor J.H., Fryd-
man H.M. Variable inhibition of Zika virus replication by different
Wolbachia strains in mosquito cell cultures. J. Virol. 2017;91(14):
¢00339-17. DOI 10.1128/JV1.00339-17.

Serga S., Maistrenko O., Rozhok A., Mousseau T., Kozeretska I. Fecun-
dity as one of possible factors contributing to the dominance of the
wMel genotype of Wolbachia in natural populations of Drosophila
melanogaster. Symbiosis. 2014;63(1):11-17. DOI 10.1007/s13199-
014-0283-1.

BaBunosckuii xKypHan reHeTuku u cenekuunm / Vavilov Journal of Genetics and Breeding - 2022 - 26 - 6



A.C. Pa6bunuH, O.4. lnwknHa
10.10. Inunckun, PA. Bbikos

Teixeira L., Ferreira A., Ashburner M. The bacterial symbiont Wolba-
chia induces resistance to RNA viral infections in Drosophila me-
lanogaster. PLoS Biol. 2008;6(12):¢1000002. DOI 10.1371/journal.
pbio.1000002.

Truitt A.M., Kapun M., Kaur R., Miller W.J. Wolbachia modifies ther-
mal preference in Drosophila melanogaster. Environ. Microbiol.
2019;21(9):3259-3268. DOI 10.1111/1462-2920.14347.

Versace E., Nolte V., Pandey R.V., Tobler R., Schlotterer C. Experimen-
tal evolution reveals habitat-specific fitness dynamics among Wol-
bachia clades in Drosophila melanogaster. Mol. Ecol. 2014;23(4):
802-814. DOI 10.1111/mec.12643.

Verspoor R.L., Haddrill P.R. Genetic diversity, population structure and
Wolbachia infection status in a worldwide sample of Drosophila

ORCID ID

A.S. Ryabinin orcid.org/0000-0002-3464-3325
O.D. Shishkina orcid.org/0000-0001-9370-4485
Yu.Yu. llinsky orcid.org/0000-0002-2691-3241
R.A. Bykov orcid.org/0000-0001-7405-1773

2022
266

Pepkue reHotunsl Wolbachia
B nabopaTopHbIX NMHUAX Drosophila melanogaster

melanogaster and D. simulans populations. PLoS One. 2011;6(10):
€26318. DOI 10.1371/journal.pone.0026318.

Woolfit M., Iturbe-Ormaetxe 1., Brownlie J.C., Walker T., Riegler M.,
Seleznev A., Popovici J., Rances E., Wee B.A., Pavlides J., Sul-
livan M.J., Beatson S.A., Lane A., Sidhu M., McMeniman C.J.,
McGraw E.A., O’Neill S.L. Genomic evolution of the pathogenic
Wolbachia strain, wMelPop. Genome Biol. Evol. 2013;5(11):2189-
2204. DOI 10.1093/gbe/evt169.

Xue L., Fang X., Hyman J.M. Comparing the effectiveness of different
strains of Wolbachia for controlling chikungunya, dengue fever, and
Zika. PLoS Negl. Trop. Dis. 2018;12(7):¢0006666. DOI 10.1371/
journal.pntd.0006666.

Acknowledgements. The study was performed under State Assignment Project No. FWNR-2022-0019.

Conflict of interest. The authors declare no conflict of interest.
Received May 31, 2022. Revised June 28, 2022. Accepted June 28, 2022.

FEHETUKA MUKPOOPTAHU3MOB / MICROBIAL GENETICS 559



