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Abstract
The virulence patterns observed in viruses transmitted by Varroa destructor implied a potential
association of these honey bee pests in Poland with the Korean haplotype. Nevertheless, it is
noteworthy that this hypothesis lacked direct verification. Therefore, the aim of the study was to
determine the haplotype affiliation of V. destructor mites infesting bees in Poland and Ukraine. Adult
females were collected from drone brood from honey bee colonies maintained in the apiary at the
University of Life Sciences in Lublin, Poland, and the apiary in Synevyr National Park in Ukraine. The
haplotype affiliation was determined through the sequencing of the cytochrome oxidase subunit |
gene (CO I; 929 bp) fragment. Based on the phylogenetic comparison with 84% bootstrap support,
the V. destructor females from both locations were confirmed to represent three haplotypes:
Korean 1 (AmK1-1), Korean 2 (AmK1-2), and Chinese 4 (AmK1-4). They are the most virulent types
of this parasite worldwide and in Poland. Concurrently, the present study confirms that the Synevyr
National Park in Ukraine is isolated from alien bee subspecies, but is not free from alien parasites.
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INTRODUCTION

Currently, Varroa destructor mites are considered
one of the main causes of Colony Collapse Disorder
(CCD) and winter colony losses (Van Englesdorp
et al., 2008, 2009; Anderson et al., 2008; Cicero
& Sammataro 2010; Conte et al., 2010; Guzman-
Novoa et al.,, 2010, Noél et al., 2020). They are
also biological vectors of viruses and bacteria
that can damage the body integuments of bees
and develop in their organisms (Oldroyd, 1999).
Viruses and bacteria replicate in the salivary
glands of mites (Brgdsgaard et al., 2000; Ongus et
al., 2004; Herrmann et al., 2005; Shen et al., 2005;
Chen et al., 2006). Even a single mite is dangerous

to bees, as it can be a carrier of many potential
pathogens (Chantawannakul et al.,, 2006). As
suggested by Topolska based on the virulence
of viruses transmitted by V. destructor females
analyzed in 2001, mites parasitizing bees in
Poland represent the Korean haplotype; however,
this was not confirmed with the use of genetic
tests.

The knowledge of all traits of Varroa mites is
extremely important, as it may help to limit the
destructive expansion of these mites in the future.
Therefore, the aim of the study was to determine
the haplotype affiliation of Varroa destructor
mites occurring in Poland and Ukraine. An
additional goal was to check whether the Synevyr
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National Park in Ukraine (where the material
was collected) is an area isolated from alien bee
subspecies and is free from bee parasites.

MATERIAL AND METHODS

Collection of mites

Mites were collected from two locations: the
apiary of the University of Life Sciences in Lublin,
Poland (51° 13’ N, 22° 38’ E), and the Synevyr
National Park in Ukraine (N 48° 51’ N, 23° 64’ E).
The Synevyr National Nature Park is one of
the National Parks in Ukraine; it is located in
Zakarpattia Oblast in the southwest of the
country. It covers an area of about 40 000
hectares. The Park contains a varied flora and
fauna, including the Carpathian honeybee (Apis
mellifera carpatica) (Safonkin et al., 2019). The
Park is protected against the introduction of alien
bee species. Since 2017, the Synevyr National Park
has been included in the UNESCO World Heritage
List as one of the massifs of beech primeval forests
of the Carpathians (,Synevyr National Nature
Park”, 2020).

To find mature V. destructor females, combs
with sealed drone brood were taken from each
location, and two V. destructor females with a
uniformly dark brown cuticle were selected from
four colonies. The mites were placed individually
in 1.5 ml Eppendorf tubes and frozen at -24°C.
DNA was isolated from eight V. destructor females
collected in Poland and Ukraine (4 mites from
Poland and 4 from Ukraine).

DNA extraction and genetic analysis

After thawing, the mites were cut in half with
scissors and subjected to DNA isolation. Lysis
buffer (180 plL) and proteinase K (20 plL) were
added to each tape segment for 24 h, and the
total DNA was isolated using the DNeasy Blood
and Tissue Kit (Qiagen) in accordance with the
manufacturer’s instructions.

The PCR analysis was performed using the Taq
PCR Core Kit (Qiagen). In a total volume of 30 uL,
the reaction mixture included 6 pL of the DNA
sample, 1xPCR buffer, 1xQ solution, 4 mM of
MgCl, 0.2 mM of each dNTP, 0.4 uM of each
primer, and 2 U of Taqg DNA polymerase. The
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PCR conditions were as follows: 10 min at
95°C, followed by 35 cycles of 30 s at 95°C,
30 s at 55.8°C, and 45 s at 72°C, with final
extension at 72°C for 7 min. The total
DNA was analyzed by PCR wusing primers
10KbCOIF1 (CTTGTAATCATAAGGATATTGGAAC)
and 6.5KbCOIR (AATACCAGTGGGAACCGC)
as described by Navajas et al. (2010).
The PCR products were electrophoresed on
a 2% agarose gel and analyzed under UV light.
The amplified PCR products were purified
using the ExoSap-Exonuclease | and Shrimp
Alkaline Phosphatase kit and sequenced with
the use of Dye Terminator Cycle Sequencing
Mix v3.1 in the ABI3730xI automatic DNA
sequencer (Life Technologies). Gene
fragment  libraries  were  deposited in
the National Center for Biotechnology
Information (NCBI) database under numbers
KU 953780 - KU 953787. All sequenced gene
fragments were compared with sequences
available in the NCBI (National Center for
Biotechnology Information) database.

Statistical analysis

The genetic diversity of V. destructor females
was calculated using the Molecular Evolutionary
Genetics Analysis program, MEGA 4.0.2 (Tajima,
1989; Tamura et al., 2007). The phylogenetic
analysis was performed using neighbor joining
(NJ) algorithms (Tamura et al., 2007).

RESULTS AND DISCUSSION

Currently, mitochondrial DNA (mtDNA) tests
distinguish two haplotypes of the V. destructor
species parasitizing A. mellifera. The Korean
(K) bhaplotype also referred to as Russian or
% Russian, is reported from Europe, North
America, South Africa and the Middle East
(Delfinado-Baker, 1988; Solignac et al., 2005;
Ogihara et al.,, 2020). In turn, the Japanese
haplotype (J) is detected in Japan, South America
and Thailand. In Asia, eighteen haplotypes of
V. destructor have been described, with eleven
infesting A. cerana and seven parasitizing
A. mellifera (Navajas et al., 2010; Ogihara et
al., 2020). Based on the diversity of mtDNA



sequences in four fragments of cytochrome
oxidase | and Il (CO I, CO Ill), ATP synthase 6
(Atp 6), and cytochrome B (Cyt B) genes, Navajas
et al. (2010) determined the phylogenetic
relatedness of V. destructor mites infesting
A. cerana and A. mellifera in Asia. Thus, the
mites were divided into four separate clusters/
haplogroups: Japanese, Korean, Chinese and
Vietnamese.

All sequences of the cytochrome oxidase |
(CO I, 929 bp) gene fragment from the
V. destructor females collected in Poland and
Ukraine were subjected to phylogenetic
analysis. The comparison of the cytochrome
oxidase | (CO I; 929 bp) gene fragments from the
V. destructor females with the mite sequences
available in the NCBI database showed
100% coverage and sequence identity of the
cytochrome oxidase | (CO 1). To illustrate
the relatedness, the V. destructor mtDNA
sequences were selected and presented on one
phylogenetic tree (Fig. 1). The V. destructor
mites originating from Poland and Ukraine
were found to represent the Korean 1 AmK1
haplogroup. The phylogenetic comparison with
84% bootstrap support, i.e. the determination
of the probability of the position of individual
nodes in the phylogenetic tree, confirmed that
the V. destructor females from both locations
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represented three haplotypes: Korean 1 (AmK1-1),
Korean 2 (AmK1-2), and Chinese 4 (AmK1-4).
The sequencing of the cytochrome oxidase
I (CO I; 929 bp) gene fragment allowed the
precise determination of the haplogroup of the
V. destructor females and the haplotypes of these
mites collected in Poland and Ukraine (Fig. 1).
The Korean (K) Varroa haplotype has spread
worldwide and is the most virulent type of all
the other haplotypes of these mites (Delfinado-
Baker, 1988; De Guzman et al.,, 1999; Anderson
& Trueman, 2000; Rosenkranz et al., 2010).
Hence, Varroa mites are still considered the main
cause of bee colony collapse (Van Englesdorp
et al., 2008, 2009; Anderson et al., 2008;
Cicero & Sammataro, 2010; Conte et al., 2010;
Guzman-Novoa et al.,, 2010). This suggests that
Varroa-vectored viruses are becoming more
virulent (Traynor et al.,, 2020). Therefore, the
V. destructor females collected in Poland and
Ukraine can be clearly classified into the Korean
1 AmK1 haplogroup. Based on the cytochrome
oxidase | (CO I; 929 bp) gene fragment used
in the phylogenetic comparison (Muntaabski et
al., 2020), the mites were confirmed to represent
three haplotypes: Korean 1 (AmK1-1), Korean 2
(AmK1-2), and Chinese 4 (AmK1-4).

GQ379056.1 AmK1-1Korea-Seoul
KU 953 /80 Poland
KU 953781 Poland

KU 953782 Poland
G0379057.1 AmK1-2China-Nanchang
KlJ 953783 Poland

24

GO3A79058 Apis mellilera Koreal
KU 953784 Ukraine
KU 953785 Ukraine

KU 953786G Ukraine
GQ379060.1 AmK1-1China-Xishuanbanna

KU 953787 Ukraine

—35: GQ379059.1 AcK1-3China-Hunan
AJ724872 Korca

AY3 /72063 China2
AF106901 Vietnam

18

AF10689/ Japan/I hailand
AF106900 China
AF106898 Nepal
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Fig. 1. Phylogenetic comparison based on sequencing of the CO | gene fragment (CO |, 929 bp) from Varroa
destructor mites collected in Poland and Ukraine with haplotype sequences available in the NCBI database.

i/



DEIECHGIARL ET L.

CONCLUSION

The genetic control of haplotype affiliation is
important in the combat against Varroa, which
is one of the most virulent types of this parasite
worldwide and in Poland. The determination of
the haplotype affiliation will help in the future to
establish the migration transects of Varroa mites
and the routes of their dissemination worldwide.
Concurrently, the present study confirms that
the Synevyr National Park in Ukraine (where
the material was collected) is isolated from
alien bee subspecies, but is not free from alien
parasites. This is probably possible due to the
uncontrolled migratory management and the
introduction/substitution of alien bee colonies
with alien parasites into the Park. The colonies
have been removed but the parasites have spread
and remained in the colonies maintained in the
Synevyr National Park.

Therefore, these mites cannot be ignored (Noél
et al., 2020), their presence in bee colonies should
be monitored systematically, and the control
of this pest should be designed precisely.
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