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% Background. Adalia decempunctata L. (Coleoptera: Coccinellidae) — ten-spot ladybird beetle, widespread morphologi-
cally variable Palearctic species. Materials and methods. DNA polymorphism and infection with Wolbachia, Spiroplasma and
Rickettsia symbiotic bacteria were investigated. Results. Eight different haplotypes of the mitochondrial COI gene, seven of
which were previously unknown, were found in 92 A. decempunctata individuals from nine European collection places: Prague,
Rome, Florence, Hamburg, Paris, Stockholm, Moscow, Feodosia and Yalta. A. decempunctata is less variable in mtDNA com-
pared to A. bipunctata. Symbiotic bacteria Wolbachia and Spiroplasma were not detected. Only Rickettsia infection was found
in A. decempunctata specimens, gathered in Stockholm and Feodosia. Rickettsia from A. decempunctata from Feodosia and
Stockholm differ by 0.5% in gltA gene. Rickettsia from A. decempunctata from Feodosia is clustered with Rickettsia from
A. bipunctata and Coccinella sp. based on the analysis of the gltA gene. Conclusion: Three of the eight mtDNA haplotypes are
present in the A. decempunctata gene pool from geographically distant habitats. A small amount of nucleotide substitutions
between Rickettsia from A. decempunctata and A. bipunctata suggests a single origin of the symbiont in the ladybirds of the
genus Adalia, the results do not exclude subsequent horizontal transfers between individuals of both species.
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& Lleab. 3ajaueil Hacrositiedi paGoTbl Obl10 M3yuuTh uaMeHunBocTh JIHK pecsitutoueunbix Goxkbux KopoBok Adalia
decempunctata L. (Coleoptera: Coccinellidae) u3 nessitu roponos EBpornbl u ¢uioreHeTHUECKHE CBA3H HX CUMOMOTHUECKHX
6akrepuil. Meroapl. Mccenenosanu noaumopduam rena COl mutoxonnpuanstoit JIHK u sapaxennocts Wolbachia, Spiroplasma
u Rickettsia meronom TP u ceksenupoBanuem. Pesyabrarbl. Bocemb ransorunos rena COI mtIHK, cemb U3 KOTOpBIX J10
9TOr0 He ObLIM H3BECTHbI, 0OHapyKeHbl y 92 ocobeit A. decempunctata w3 neBsiti mect c6opa B EBporefickoii uactu apeasa,
a umenHo: u3 [1paru, Puma, @uopenuuu, lambypra, [Tapuxka, Crokrosibma, Mocksbl, @eonocuut u Slatel. A. decempunctata me-
Hee namenuuBbl o MT/IHK no cparenuto ¢ aByroueunoit A. bipunctata. Cum6uotnueckue 6akrepun Wolbachia n Spiroplasma
B u3yueHHblx A. decempunctata He BbisiBieHbl. 3apaxxeHHOCTb Ricketisia oGHapyxeHa y A. decempunctata B CToKrosibme
u @eonocun. IlpoBeneHo cpaBHenne cumOHOHTOB A. decempunctata, A. bipunctata w cemuroueunoit Coccinella sp. JHK
Gakrepuu Rickettsia ws A. decempunctata w3 ®eonocun n Crokronbma 1o rewy gltA pasnuuaiorest na 0,5 % u oaun u3
BapHaHTOB WieHTHueH cumOHoHTy A. bipunctata w Coccinella sp. BbiBoabi. Tpu ramioruna MtIHK npucyrersytor B reHo-
tonne A. decempunctata, cobpaHHbiX B reorpaduueckd 1ajeKux Mectax oOutanus. KosmuecTBO HYK/JICOTHAHBIX 3aMeH MEXKILy
Rickettsia w3 A. decempunctata w A. bipunctata no3BossieT MpeanojaraTb €IMHOe MPOMCXOXKAEHHE CHUMOHOHTA Y GOXKbHX
KOpoBOK poia Adalia, nosyueHHble pe3y/bTaThl He HCKJIIOUAIOT MOC/EMYIOUHX TOPU3OHTAIBHBIX MepeHocoB Rickettsia mexuy
0co6sIMH 060UX BUJIOB.

% Kntouesbie cioBa: 6oxkbu Kopoku Adalia; nomimopdusm JIHK; sHa0cuMOHOTHYECKHE GaKTEPHH.
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INTRODUCTION

Adalia decempunctata (Linnaeus, 1758), is a ladybird
with ten spots on the elytra. It is a widespread Palearctic
species and occurs in Europe from Scandinavia to Italy
and from Portugal to the Urals. The easternmost record
for this species is Yekaterinburg in Russia, with no reliable
distribution records east of the Urals.

Adalia ladybirds, including A. decempuncta, are
among the most morphologically variable Coccinelli-
dae [1—=3]. Previous studies on a highly variable species
closely related to A. decempuncta, (A. bipunctata [Lin-
naeus 1758]), revealed significant polymorphism within
this species not only in morphology, but also in mitochon-
drial DNA [4—7]. In A. bipunctata, 18 mitochondrial hap-
lotypes were found [5, 6]. The mitochondrial diversity in
A. decempuncta has not yet been studied.

More than 60% of insect species are infected with
symbiotic bacteria, which often impair host reproduc-
tion [8]. In ladybirds, symbionts cause androcide, which
is the death of male offspring, and accordingly, a shift in
the sex-ratio of offspring toward females [9]. Coccinellidae
ladybirds are especially susceptible to infection with sym-
biotic bacteria; 13 out of the 30 European species studied
to date were found to be infected with bacterial symbionts
of Wolbachia, Spiroplasma, and Rickettsia [9]. Bacteria
are transmitted to offspring via transovarial transmission,
along with the mother’s cytoplasm, which leads to the joint
inheritance and spread of mitochondrial DNA and sym-
biont. Previous studies on the two-spot ladybird, A. bi-
punctata, found an association between certain mtDNA
haplotypes and infection status with either Rickettsia or
Spiroplasma [4, 6]. Rickettsia infection has also been
documented in the ten-sot ladybird, A. decempunctata,
in Germany [10], Sweden [11], and Great Britain [12].
However, neither Wolbachia nor Spiroplasma infection
have been found to date in this species [10—12].

The objective of this work was to: 1) characterize the
genetic diversity and uncover phylogeographic patterns in
A. decempunctata populations sampled at nine European
cities; 2) determine the frequency of bacterial infection,
and assess the diversity and phylogenetic relationships be-
tween symbiotic bacteria taxa; and 3) compare both the
genetic and morphological diversity between A. decem-
punctata and a closely related species, A. bipunctata.

MATERIALS AND METHODS

Ladybirds were collected in Moscow, Prague, Paris,
Florence, Rome, and Hamburg in 2012 and 2015, and
in Feodosia and Yalta in 2017. Additionally, mtDNA and
Rickettsia diversity were examined in A. decempunctata
from Sweden, where infection with bacterial symbionts
had previously been verified [ 11]. Beetles were identified to
species using morphological characters, according to the
pattern of the elytra and pronotum [2]. Beetles were tested
for infection with symbiotic bacteria (n = 199) and partial

COI was sequenced for 92 individuals. Two individuals of
Coccinella sp., living sympatrically with A. decempunctata
in the town of Kem (Karelia, Russia), were also examined
using mtDNA and bacterial DNA markers. Bacterial sym-
bionts were sequenced from specimens of the two-spot
ladybird A. bipunctata, collected in 2015 from Buryatia
and Karelia in Russia. Further individuals of A. bipunc-
tata (84 individuals, collected June 2009, St. Petersburg),
were available from a previous study [6, 7] and were used
in comparisons of color polymorphism and mtDNA vari-
ability with A. decempunctata from Prague (n = 116).

DNA was isolated from dry adult insects or those pre-
served in 70%—90% ethanol using the DIAtom™ DNA
Prep Kit (Isogen, Moscow). Infection with bacterial sym-
bionts was assessed by PCR using specific primers for
three bacterial symbionts: the Spiroplasma 16S rRNA
small subunit gene [13], the Rickettsia gltA gene [10],
and the Wolbachia wsp gene [14]. The polymorphic re-
gion of the cytochrome oxydase subunit I gene (CO/) of
mtDNA was amplified using the primers C1j-1951 and
CIN-2618 [4]. The second internal transcribed spacer
(ITS2) of the rRNA gene ribosomal cluster was ampli-
fied with the primers 5.8S and 28S [15]. PCR products
were isolated from agarose gels using the Clean up kit
(Eurogen, Russia). DNA fragments were sequenced on an
ABI 310 sequencer using the forward and reverse primers
and the ABI PRISM BigDye Terminator Cycle Sequencing
kit (Applied Biosystems, Foster City, CA, USA). Sequen-
ces were deposited in GenBank under the accession num-
bers KJ645081-KJ645085 and MK932842-MK932845
(mitochondrial haplotypes), KJ645086-KJ645094 (ITS2),
and MK932846-MK932850 (Rickettsia gltA).

Data analysis was performed using MEGAG6 [16] and
DnaSP v5 [17]. A maximum likelihood dendrogram for
the Rickettsia gltA sequences was constructed using the
Tamura-Nei model and 1000 bootstrap iterations in the
MEGAG program [16]. A mtDNA haplotype network was
constructed in NETWORK ver. 4.6.1.6 [18]. Sequence
divergence between mitochondrial haplotypes was calcu-
lated as the average number of nucleotide substitutions
per site between two sequences [16]. Following Zhivoto-
vsky, intra-population diversity was determined using the
indicator p (average number of morphs) [19]. When ana-
lyzing the occurrence of symbionts in the samples, confi-
dence intervals (%) were calculated using samples of ten
or more individuals using the Clopper—Pearson method,
as in [20—22].

RESULTS

DNA polymorphism of A. decempunctata

92 A. decempunctata from across the nine collec-
tion sites were successfully sequenced for COI (616 bp)
(Table 1). Eight mitochondrial haplotypes were found,
which differed at nine variable sites. All mutations were
related to A-G or C-T transitions and were synonymous.
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Three mitochondrial haplotypes were rather common
and were detected at two or more collection sites. The hap-
lotype H1 occurred in all nine populations and in 74%
(n = 68) of individuals (Table 1). In the haplotype network,
this particular variant is ancestral (root) for all other mito-
chondrial types of A. decempunctata (Fig. 1). All haplo-
types were interconnected by one or two sequential muta-
tions (Fig. 1). Two hypothetical mitochondrial haplotypes,
between H6 and H2 and between H1 and HS8, did not occur
in the studied samples. The evolutionary sequence diver-
gence between mtDNA haplotypes did not exceed 0.8%, in
agreement with the estimated level of intraspecific difference.

The genetic diversity within A. decempunctata based
on COI is summarized in Table 2. The haplotypic diver-
sity was highest in individuals from Prague and Florence.
At three sampling sites: Paris, Feodosia, and Yalta, the
number of individuals studied was low, and only H1 hap-
lotype was found. The results of the Tajima’s D and Fu’s
Fs tests were not statistically significant (Table 2) and in-
dicated that the detected mutations are neutral in nature.
Our results demonstrate that, in general, A. decempunc-
tata in Europe retain a rather high level of haplotype di-
versity with a low level of nucleotide variability (Table 2).
The ITS2 region sequenced was 900 bps in length and
was identical in all individuals studied.

OHS8

94

Fig. 1. Intraspecific polymorphism of mtDNA haplotypes of A. de-
cempunctata. Eight variable haplotypes are represented on
the network in proportion to their occurrence in the population

For analysis of mtDNA of A. decempunctata, a se-
quence similar to the most variable part of the COI gene
in ladybirds of close species A. bipunctata was used [4].
When comparing mtDNA variability between A. decem-

Table 1
Place and year of collection of investigated A. decempunctata, the number of individuals with different mitochondrial
haplotypes
Local population Collection place Year Numt.)er.ofana- HI | H2 | H3 | H4 | H5 | H6 | H7 | H8
lysed individuals
Czech Republic, Ruzyne, Crop Research Institute
Prague (50°09' N 14°30'E) 2012 29 1917 ] 2 1 0|00 O
. Near the metro station Cite
France, Paris (48°51' N 2°20' E) 2012 3 3 0 0 0 0 0 0 0
. “Neskuchny sad” park
Russia, Moscow (55°43' N 37°35' E) 2015 10 8 1 0 0 0 1 0 0
Monte Pincio
Italy, Rome (41°91' N 12°48 N) 2015 20 180|001 0] O 1 1
Parco dell Anconella
Italy, Florence (43°76'N 11°30' ) 2015 9 3 5 0 0 1 0 0 0
Germany, Hamburg | D2nzger Strasse 2015 6 501 lolololololo
’ (53°56'N 10°01'E)
Sweden, Stockholm | kungens Kurva 2001 5 2l0|[3]0o|o]oflo]o0
: Kurva (59°16'N 17°54'E)
. . Embankment
Feodosia (Crimea) (45°01'44.3" N 35°22'38.7" F) 2017 5 5 0 0 0 0 0 0 0
. Embankment
Yalta (Crimea) (44°20'14.7" N 34°09'37.9"F) 2017 5 5 0 0 0 0 0 0 0
Total 92 68 | 14 | 5 1 1 1 | 1
& ecological genetics 2019;17(4) eISSN 2411-9202
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Genetic diversity in A. decempunctata populations based on analysis of the COI gene fable
Local population H Hd K Pi Tajima’s D Fu’s Fs statistic
Czech Republic, Prague 4 0.52463 1.3399 0.00218 0.40983 1.970
France, Paris 1 0 0 0 - -
Russia, Moscow 3 0.37778 0.75556 0.00123 —1.03446 —0.046
Italy, Rome 3 0.19474 0.3 0.00049 —1.72331 —1.143
Italy, Florence 3 0.63889 1.88889 0.00308 1.15206 1.658
Germany, Hamburg 2 0.33333 1 0.00163 —1.23311 1.609
Sweden, Stockholm 2 0.6 0.6 0.00098 1.22474 0.626
Feodosia (Crimea) 1 0 0 0 - -
Yalta (Crimea) 1 0 0 0 - -
Total 8 0.43168 1.01027 0.00164 —1.08219 —2.116

Note. H — number of haplotypes, Hd — haplotype diversity, K — average number of nucleotide differences, Pi — nucleotide diver-
sity (PiJC), Tajima’s D and Fu’s Fs statistics — neutrality tests (not significant, p > 0.05).

Table 3
A. decempunctata and A. bipunctata intrapopulation diversity
Species. local population N The average number of morphs | The average number of Intrapopulation diversity
P ’ pop (drawing on the elytra), p mtDNA haplotypes, p of mtDNA, Hd
A. decempunctata, Prague 116 2.850 + 0.055 3.362 + 0.408 0.556 + 0.086
A.bipunctata, Saint Petersburg 84 3.010 + 0.127 9.290 + 1.007 0.749 + 0.079

punctata and A. bipunctata, the latter was found to have
higher diversity (Table 3).

Variability of color pattern (morphological polymor-
phism)

Three morphs were found in the local population of
A. decempunctata from Prague (n = 116 individuals),
which was the most densely sampled. These morphs were:
bimaculata, decempustulata, and typica; they differed in
elytra patterns, and had abundances of 23, 74, and 44 in-
dividuals, respectively. Among the populations of A. bi-
punctata included in our study, that of St. Petersburg was
distinguished by having a very high number of melanic
forms [6]. Due to the study, we could compare the levels
of intraspecific variability of mtDNA and morphological
characters (color variability) in two closely related spe-
cies — A. decempunctata and A. bipunctata. A. bipunc-
tata was found to be more variable in mtDNA diversity
and have the same diversity in color patterns (Table 3).

The symbionts of A. decempunctata and other
ladybirds

Potential infection with the bacterial symbionts Ri-
ckettsia, Wolbachia, or Spiroplasma, was assessed in
A. decempunctata from Prague (n = 116), Moscow
(n =24), Rome (n=20), Florence (n = 10), Hamburg
(n=6), Paris (n=3), Feodosia (n=12), and Yalta
(n = 8). Out of the 199 individuals tested, only one indi-
vidual (from Feodosia) was found to be infected with Rick-
eftsia. Our analysis was supplemented by infection status
data for 18 individuals of A. decempunctata from Stock-
holm (Table 4). Neither infection with Wolbachia nor Spi-
roplasma was detected in any individual. Amplification of
the mtDNA COI locus was used as a DNA quality control;
A. decempunctata and A. bipunctata individuals infected
with bacterial symbionts were used as positive controls.
The confidence intervals established in this study enabled
the assessment of the level of infection. Apart from cases
where Rickettsia was detected, the confidence interval for
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Table 4

Local population, number of tested A. decempunctata, the number of individuals, infected with Wolbachia, Spiro-

plasma and Rickettsia

) Number of cases (% infection) 959% confidence

Local population N Wolbachia Spiroplasma Rickettsia interval *,**
Czech Republic, Prague 116 0 0 0 0-3
France, Paris 3 0 0 0 -
Russia, Moscow 24 0 0 0 0—14
[taly, Rome 20 0 0 0 0—17
[taly, Florence 10 0 0 0 0-31
Germany, Hamburg 6 0 0 0 -
Sweden, Stockholm [10] 18 0 0 4(22) 0—19%; 6—48%**
Feodosia (Crimea) 12 0 0 1(8) 0—26%*; 0,2—38**
Yalta (Crimea) 8 0 0 0 -
Total 204 0 0 5 0,8—5

Note. *Cl is calculated for samples > 10; ** Cl is specified for Rickettsia.

each infection was the same (Table 4). The low number of
individuals sampled in each collection precludes a definite
statement on the level of bacterial infection in the A. de-
cempunctata population as a whole. The CI(95%) for the
sample from Prague, where 116 individuals were tested,
was 0—3. The infection with symbiotic bacteria could be
lower than 3%, and we did not detect this within our
sampling.

To study the genetic diversity of bacterial symbi-
onts, the citrate synthase gene (gltA) of Rickettsia from
A. decempunctata from Feodosia and Stockholm was

sequenced. In addition, gltA was sequenced from indi-
viduals of A. bipunctata fasciatopunctata from Ulan-
Ude (Buryatia), and A. bipunctata and Coccinella sp.
from Kem (Karelia). The DNA sequences obtained were
compared with those available for ladybirds in GenBank.
Rickettsia from A. decempunctata from Feodosia and
Stockholm differ by two nucleotide substitutions. Those
from Feodosia cluster with other Rickettsia sequences
from A. bipunctata, A. b. fasciatopunctata, and Cocci-
nella sp. (Fig. 2). Those from Stockholm were identical
to sequences from Germany and Great Britain (Fig. 2).

FJ666764 Rickettsia A.bipunctata (Great Britain)
AJ269521 Rickettsia A.bipunctata (Moscow)

AJ269520 Rickettsia A.bjpunctata (Great Britain)
88 | @ MK932848 Rickettsia A.decempunctata (Feodosia)

_|

66 ' AJ269519 Rickettsia A.bipunctata (Denmark)

@ MK932847 Rickettsia A.fasciatopunctata (Buryatia)
@ MK932846 Rickettsia A.bipunctata (Kem)
@ MK932850 Rickettsia Coccinella (Kem)

@ MK932849 A.decempunctata Rickettsia (Stockholm) AJ269522
Rickettsia A.decempunctata (Germany)

FJ666768 Rickettsia A.decempunctata (Great Britain)
FJ666763 Rickettsia A.bipunctata (Great Britain)

KY678074 Rickettsia Ixodes colasbelcouri

| —
0.005

Fig. 2. Phylogenetic tree of Rickeftsia based on gltA gene sequences. Hosts of the intracellular symbiotic bacteria Rickeftsia and
the places of their collection are indicated. The sequences obtained in this work are marked with black diamonds. Other
sequences are selected from GenBank for comparison, registration numbers are given. Rickettsia from Ixodes colasbel-

couri was used as an outgroup
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The gltA sequences for A. bipunctata form two distinct
clusters on the dendrogram (Fig. 2). Namely, a clade
of A. bipunctata Rickettsia (FJ666763, AJ269519) and
a second clade of A. bipunctata Rickettsia which is one
substitution different from A. decempunctata Rickettsia
(FJ666768, AJ269522).

DISCUSSION

We conducted a large-scale study on the variability of
nuclear and mtDNA in 92 individuals of A. decempuncta-
ta across nine collection sites in the Palearctic and found
evidence for Rickettsia infection in individuals from Stock-
holm and Feodosia.

Five mitochondrial haplotypes were recovered from
individuals collected in Prague where sampling inten-
sity was highest. At other collection sites, the number
of mtDNA haplotypes found depended on the number
of individuals studied (Table 1). For example, in Rome,
20 ladybirds were collected which had three mtDNA
haplotypes; in Paris, only three ladybirds were collected
and shared the same haplotype (H1). This mitochondri-
al variant (H1) was found at all sample sites (Table 1).
Previously published COI sequences of A. decempunc-
tata from Germany (AJ312061) and Great Britain
(DQ155924, DQI155760) also belong to the mtDNA
haplotype designated by us as H1. We found haplotype
H2 in Prague and Florence, and also in Moscow and
Hamburg. Type H3 was found in Prague and Stock-
holm. Overall, eight mitochondrial haplotypes were
detected in this study, seven of which were previously
unknown. Six of the eight mtDNA haplotypes differ in
one substitution (out of 616 bp). Three of the eight
haplotypes have a geographically widespread occurrence
in this species. A quarter of the studied individuals in
the Prague population and 40% of ladybirds from Flor-
ence have a unique H2 haplotype, which differs from
the other haplotypes by three nucleotide substitutions
(0.49%). Using the mutation rate for mtDNA in Dro-
sophila (6.2 - 1078) [23], and a generation time of 1 or
1.5 per year, implies a divergence time of 55—83 thou-
sand years between H1 and H2. The mtDNA diversity
in A. decempunctata predates the last glaciation which
covered a significant part of the species range in Eu-
rope. The finding of a single nuclear (ITS2) sequence
indicates the absence of barriers to cross-breeding and
exchange of genetic information between individuals.
The comparisons of intraspecific DNA variability and
color variation in the two closely related species, A. de-
cempunctata and A. bipunctata, showed that the lat-
ter had higher mtDNA variation, but a similar level of
morphological variation.

Infection of ladybirds of the Coccinellidae family with
bacterial symbionts is intensively studied, often due to the
significance of these insects as predators of pests in ag-
riculture [9, 24, 25]. In the invasive species Harmonia

axyridis in Russia, Spiroplasma infection was detected in
the native populations [26, 27]. In the two-spot ladybird
A. bipunctata, infection with symbiotic bacteria of three
genera was found in the European and Asian parts of the
distribution [7, 10]. Rickettsia was found in A. decem-
punctata in England and Germany [10]; while Wolbachia
and Spiroplasma were never reported.

Although 199 individuals of A. decempunctata from
eight European cities were screened for the presence of
symbiotic bacteria of three genera, Rickettsia, Wolba-
chia, and Spiroplasma, only individuals from Feodosia
were found to have the bacterium Rickettsia. In 2001,
we detected A. decempunctata specimens infected with
Rickettsia in Stockholm with a 23 % infection rate [11].
In the current study, some of the sample sizes per site
are low. Therefore it is possible that infections with
symbiotic bacteria went undetected. The infection rate
in Stockholm in 2001 was high, and the calculation
of the confidence interval showed that it could reach
48%. Based on our sampling in Prague, the infection
rate does not exceed 3% if it is present in a given local
population. It is known that in ladybirds, only part of the
population is typically infected with symbiotic bacteria.
Additionally, bacteria are often lost in a population [9]
if there are no selective factors contributing to their
spread. Spiroplasma infection was found to decrease
the viability of A. bipunctata larvae [24]; in the same
work, no similar effect was detected with Rickettsia and
Wolbachia infections. In ladybirds, symbiotic bacteria
disrupt reproduction, resulting in no male offspring,
which leads to a shift toward females in the gender
ratio. Under certain conditions, this gives the popula-
tion some advantages, as the remaining larvae eat eggs
that have stopped developing. However, in favorable liv-
ing conditions, uninfected females leave more offspring
than infected ones [24]. Imperfect maternal inheritance
combined with the meager benefits of androcide and
the absence of other benefits for infected females can
induce an intense selection against individuals infected
with symbiotic bacteria.

We detected Rickettsia infection in individuals of
A. decempunctata collected in Stockholm and Feodosia,
which are at the northern and southern limits of the dis-
tributional range for this species. The results of this study
are the first report of the presence of Rickettsia in the
southern part of the species range. Previously, infection
was found only in the north, in the UK, Germany [10],
and Sweden [11]. We investigated the variability of the
Rickettsia citrate synthase (gltA) gene, since this part
of the bacterial genome has been used in other studies
and it was shown to be more informative for bacterial
phylogenetic analysis than /6S rRNA [10]. The differ-
ences revealed in the gltA gene of Rickettsia in A. de-
cempunctata from Stockholm and Feodosia may have
a different origin. First, the same mutations can arise
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by independent or unrelated mutations in a given gene,
although the probability of this is low considering the
low number of mutations detected. Second, in Feodosia,
horizontal transfer of bacteria from the sympatric species
of A. bipunctata is possible. This has already been docu-
mented between A. bipunctata and A. decempunctata in
Denmark [10]. This hypothesis of horizontal transfer is
also supported by the fact that three different strains of
Rickettsia were found in laboratory lines of A. bipunc-
tata, one of which clusters with Rickettsia from A. de-
cempunctata based on a comparison of the atpA, coxA,
gltA, and 16S rRNA genes [28]. Our data, together with
those obtained from other ladybird species, do not sup-
port the idea of strong coevolution of the parasite and
the host. Studying more DNA sequences of the Adalia
symbionts and other Coccinellidae species collected in
geographically remote locations will help clarify this is-
sue in the future.

Ladybirds with seven spots on the elytra, similar in
morphology to Coccinella septempunctata (Coccinel-
lidae), were found at our collection sites. Species iden-
tification using barcoding showed that the ladybird indi-
vidual with seven spots was not previously recorded. The
closest species, Coccinella magnifica (KU916547) from
Germany, is distinguished by four nucleotide substitu-
tions. Therefore, until further information is received, we
designate this individual Coccinella sp. (MK932845).
Interestingly, in the course of this study, we first disco-
vered the Rickeltsia bacterium infection in Coccinella sp.
Previously, only Wolbachia was reported in beetles of
this genus [9, 24, 25]. The sequences of the gltA gene
of Rickettsia in Coccinella sp. were identical to those of
A. bipunctata (Fig. 2). In addition, individuals of A. bi-
punctata and Coccinella sp. were collected at the same
site in the city of Kem (Karelia), which suggests both the
possible horizontal transfer of bacterial symbionts between
different species of coccinellids, and/or the contamination
of Coccinella sp after eating eggs of A. bipunctata in-
fected with Rickettsia.

Since the A. decempunctata specimens collected
in Prague, Moscow, Yalta, Rome, Florence, Hamburg,
and Paris were not infected with the symbiotic bacteria
Rickettsia, Spiroplasma, and Wolbachia, we could not
establish any relation between the mtDNA haplotype and
infection with the symbiotic bacterium, as was the case
with A. bipunctata. In Stockholm, the H1 haplotype was
detected in one individual infected with Rickettsia and in
uninfected individuals, while the H3 haplotype was found
in three Rickettsia infected individuals. However, lady-
birds from Prague with the H3 haplotype of mtDNA were
not infected. In Feodosia, both individuals infected with
Rickettsia and uninfected ones shared the HI haplotype.
Due to low sample sizes, however, a relationship between
mtDNA haplotype with Rickeftsia infection cannot be
ruled out. The low number of nucleotide substitutions

in Rickettsia sequences between A. decempunctata and
A. bipunctata suggests a common origin of the symbiont
in ladybirds of the genus Adalia but does not exclude
subsequent horizontal transfer events between individuals
of both species.
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