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ABSTRACT 

Randomly amplified polymorphic DNA 
(RAPD) was used to reveal haplotype specificity 
and genetic variation in populations of the mite 
Varroa destructor Anderson et Trueman, 2000 
infesting managed and feral colonies of honeybee 
in Ukraine. All specimens of mites collected from 
Apis mellifera L. colonies in Zakarpats'ka Oblast', 
Poltavs'ka Oblast' andZhytomyrs'kaOblast' were 
detected to belong to the Korea haplotype of V. 
destructor. It was not possible to distinguish mites 
collected from three subspecies of A. mellifera L., 
but genetic variation within mite populations in-
festing feral honeybees A. mellifera mellifera L. in 
Polessky reserve was substantially higher com-
pared to mite populations infesting both A. mellif-
era carpatica Petrov (A. mellifera carnica Polln-
ann) and A. mellifera acervorum Skorikov (A. mel-
lifera artemisia Engel.). 

РЕЗЮМЕ 

Произвольно амплифицированная поли-
морфная ДНК (RAPD) была использована для 
выявления гаплотипа и оценки генетической 
изменчивости в популяциях клеща Varroa, пара-
зитирующего на медоносной пчеле в условиях 
бортнического и пасечного пчеловодства в Ук-
раине. Установлено, что все проанализирован-
ные клещи из Закарпатской, Полтавской и Жи-
томирской областей, относятся к корейскому 
гаплотипу Varroa destructor Anderson et True-
man, 2000. Клещи, собранные с трех пород Apis 
mellifera L., имели сходные RAPD-характерис-
тики; однако, индивидуальная генетическая ва-
риабельность в популяции клеща, паразитиру-
ющего на бортевых пчелах (A. mellifera mellif-
era L.) в Полесском заповеднике, была выше, 

чем в популяциях клеща, паразитирующих на 
карпатской A. mellifera carpatica Petrov (A. mel-
lifera carnica Pollnann) и украинской степной А. 
mellifera acervonum Scorikov (A. mellifera artem-
isia Engel.) пчелах. 

INTRODUCTION 

The gamasid mite Varroa jacobsoni Oude-
mans, 1904 had been described as a parasite of the 
Eastern honey bee, Apis cerana F. in Java, and then 
it was found throughout Asia. After the introduc-
tion of the honey bee Apis mellifera L. into south-
eastern Asia in the early 1960's, this parasite hc}d 
successfully switched to the new host [Delfinado, 
1%3] and gained the status of a cosmopolitan. 
However, substantial differences in reproductive 
behavior IGrobov, 1981; Koeniger et al., 1981; 
Moritz, Hanel, 1984; De Jong, 1988; Rosenkranz, 
Engels, 1994] and morphological characters [Delf-
inado-Baker, Houck, 1989; Akimov et al, 1990] of 
V.acobsani parasitizing different species and sub-
species of Apis revealed that this mite is not a single 
species. In 1988, Delfinado-Baker, based on the 
degree of injures caused by the parasite to different 
hosts, and differentiation in type of brood selection 
by the parasite, separated three biotypes of the mite. 
The genetic variability of mite populations was first 
proven by using randomly amplified polymorphic 
DNA-polymerase chain reaction (RAPD-PCR), and 
two patterns of V. jacobsoni, Russian (from USA, 
Russia, and Europe) and Japanese (from Japan, 
Brasil, Puerto Rico), were identified [Kraus, Hunt, 
1995; De Guzman et al, 1997]. An additional gen-
otype, the Papua New Guinea (PNG) genotype 
(from Papua New Guinea), was found, based on 
mitochondrial DNA (mtDNA) sequences [Ander-



I.A. Akiinov, S.V. Benedyk, O.P. Berezovskaya, A.P. Sidorenko 

son, Fuch, 1998; De Guzman et al., 1998]. Further 
studies involving the sequencing of the mitochon-
drial protein-coding gene, cytochrome oxidase I 
(COI), revealed that V. jacobsoni appeared to be a 
complex of many haplotypes grouping at least in 
two species [Anderson, Trueman, 2000]. It seems 
that the Java haplotype (has also been referred as 
PNG genotype) from A. ceratici has been used to 
describe the species V. jacobsoni. This species 
parasitises А. с e ranci in the Malaysia-Indonesia-
New Guinea region, and has nine haplotypes. An-
other 6 haplotypes were referred to a new species, 
Varroa destructor [Anderson, Trueman, 2000]. 
Among them, only Korea (^Russian or German 
genotypes) and Japan/Thailand (^Japanese geno-
type) haplotypes became obligatory parasites of the 
honeybee A. mellifera worldwide [Anderson, True-
man, 2000; Anderson, 2000]. 

Direct sequencing of three Varroa mites from 
Ukraine revealed that they belong to the Korea 
haplotype f Anderson, Trueman, 20001. Results of 
our morphological study are consistent with this 
observation, showing that the most samples in 
Ukraine have values of body length and width like 
in the Korea haplotype of V. destructor [Akimov et 
al., 2004]. However, a substantial amount of size 
variation was found among mites infesting differ-
ent subspecies of/4, mellifera in Ukraine. Although 
increased variability in size could be a result of 
divergence of the parasite (because of different bee 
subspecies or other reasons) the possibility still 
exists that the mites were brought into the territory 
of Ukraine along with honeybee colonies more than 
once and are different in origin. We will test the 
above hypothesese and clarify the intraspecific 
structure of the parasite in Ukraine using RAPD 
analysis. 

MATERIALS AND METHODS 

Material. Adult females of V. destructor from 
three local populations in Ukraine (41 specimens) 
were used for RAPD analysis. All specimens were 
collected in March-July, 2003. Mites from 
Zakarpats'ka Oblast' ( 11 mites from 3 bee colo-
nies) were collected from adult bees or drone brood 
in two private apiaries (vicinity of Uzhgorod). 
According to the race zoning of bees in the Ukraine, 
the beekeepers manage colonies of A. mellifera 
carpatica in this region and treat them systemati-
cally with acaricides. The population from 
Poltavs'ka Oblast' ( 14 mites from 4 bee colonies) 
included samples of V. destructor collected from 
bees or drone brood of Л. mellifera acervorum 

Scor. at one private apiary and two apiaries of P.I. 
Prokopovich Institute of Beekeeping (Gadyach). 
Adult females (16 mites from 1 bee colony) collect-
ed from a work brood of honey bees inhabiting 
hive-logs in Polessky reserve (vicinity of Ovruch) 
represented the population of Zhitomirskaya Ob-
last'. These feral colonies represent a geographic 
variation of A. mellifera mellifera L. and live with-
out any pest control [Piletskaya, Zhila, 2003]. 

All samples were immediately preserved in 
96% ethanol. 

DNA analysis. Total DNA was isolated from 
mites with DNeasy Tissue Kit (Qiagen, USA) ac-
cording to the recommended protocols. The DNA 
was precipitated by adding 0.1 V of 3M Na acetate, 
pH 5 and 2 V of ethanol at -20° C, centrifuged and 
the pellet was dried and resuspended in 10 jliI HnO. 
This technique was estimated to allow obtaining a 
yield of approximately 150-200 ng DNA from a 
single mite. 

Reaction mix (10 ju.1 in total) contained 0.2 |Л.М 
dNTP, 4 jiiM MgCl2, I iiM primer, 40 \ig DNA-
template and 0.5 units of Taq polymerase (Sigma) 
in PCR buffer (Sigma). The primers used for hap-
lotype determination were OPE-07 (AGAT-
GCAGCC); OPP-03 (CTGATACGCC) according 
to Kraus, Hunt [ 1995] and De Guzman et al. [ 1997]. 
In addition, a total of 18 oligonucleotides were 
screened, and only 12 primers provided the varia-
tion which was analyzed in this study: RND9 
(TGCTCATCGG), RND10 (AGGTGACCGT), 
RND11 (ACGGTAGCCT), RND12 (GTACGT-
GACC), RND13 (TCCCAGCTGG), RND16 
(CCACACTACC), RND17 (CTGCTTAGGG), 
RND18 (GTTGCGATCC) , RND19 (GTT-
TCGCTCC), RND20 (GTCCACACGG), RND21 
(GACCCACAC), RND22 (GAGGGGGGGC). 

PCR amplification of RAPD markers was per-
formed in a thermal cycler with the following condi-
tions: preliminary step of denaturation at 95°С— 5 
min; following by 45 cycles of 95°C — 30 s, 35°C 
— 30 s, 72° С — 30 and terminal stage of synthesis 
at 72UC — for 7 min. 

PCR products were resolved by electrophore-
sis in 1.5% agarose gel against a standard 100-bp 
ladder (Fermentas) and visualized using ethidium 
bromide staining [Sambrook et al., 1989]. Gels 
were photographed on a UV transilluminator. 

RESULTS 

Genotyping. Genotypingof mites infesting A. 
mellifera in Zakarpats'ka Oblast', Poltavs'ka Ob-
last' and Zhytomyrs'ka Oblast' of the Ukraine was 
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Fig 1. RAPD banding patterns (primer OPP-03) of V. destruc-
tor collected from different regions in Ukraine. 1 -3 — 
Zakarpats'ka Oblast'; 4 - 6 — Poltavs'ka Oblast'; 7 - 9 — 
Zhytomyrs'ka Oblast'. 

Рис. 1. Полученные с праймером ОРР-ОЗ RAPD паттерны 
клещей V. destructor, собранных из трех областей Украины: 
1-3 — Закарпатская обл.; 4 -6 — Полтавская обл.; 7-9 — 
Житомирская обл. 

conducted using two diagnostic primers ОРР-ОЗ 
and OPE-07. According to previous data [Kraus, 
Hunt, 1995; De Guzman et al., 19971, these primers 
generate in polymerase chain reaction specific 
markers that allow distinguishing V. jacobsoni and 
V. destructor and determining the haplotype specif-
icity of V. destructor. 

With primer ОРР-ОЗ, all 41 samples showed 
one distinct band at 442 bp (Fig. 1), which suggests 
that our samples belong to the Korea haplotype of 
V. destructor [De Guzman et al., 1997, 1998; An-
derson, Trueman, 2000]. None of the amplified 
fragments had the length of 675 bp and 412 bp, 
which are diagnostic for the Japanese haplotype of 
V. destructor [De Guzman et al., 1997]. 

With the primer OPE-07, all mites from the 
three regions of Ukraine demonstrated similar sets 
of distinct bands at 866, 766, 671, and 540 bp (Fig. 
2). Among them, the PCR product of 766-bp is 
diagnostic for the Korea haplotype of V. destructor 
I De Guzman et al., 1998]. 

Estimation of genetic diversity between the 
populations. In our preliminary investigation, we 
found that the banding patterns of DNA isolated 
from individual mites and DNA pooled from 10 
mites of the same population were comparable. 
Based on this observation, DNA of 10 specimens of 
V. destructor originating from the same population 
was pooled and treated as a sample unit to obtain a 
pattern typical for the population and to compare 
banding patterns of the three V. destructor popula-
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Fig 2. RAPD banding patterns (primer OPE-07) of V. destruc-
tor collected from different regions in Ukraine. 1 -2 -— 
Zhytomyrs'ka Oblast'; 3 -4 — Poltavs'ka Oblast'; 5 -6 — 
Zakarpats'ka Oblast'. 

Рис. 2. Полученные с праймером OPE-07 RAPD паттерны 
клещей V. destructor, собранных из трех областей Украины: 
1-2 — Житомирская обл.; 3 -4 — Полтавская обл.; 5 -6 — 
Закарпатская обл. 

tions infesting different subspecies of honey bee in 
Ukraine. Products of amplification of these com-
bined DNA samples using the 12 above mentioned 
primers showed similarity in major banding pat-
terns (Fig. 3-4). Samples from A. mellifera acer\'o-
rum and A. mellifera carpatica shared identical 
patterns using primers RND 10, RND11, RND12, 
RND13, RND 16, RND 19, RND 20, RND21, RND 
22. Some minor bands were different in intensity, 
but no specific bands were found for any popula-
tion. PCR products from V. destructor collected 
from A. mellifera mellifera lacked minor bands 
RND 10-670, RND 11-350, RND 11 -1100, RND 12-
1000, RND 12-1150, RND17-920, RND17-960, 
RND 21-550 and one additional band was seen at 
800 bp using primer RND 17. 

Genetic variation within the populations. 
Comparison of the individual characteristics with 
those of the pooled samples demonstrated that the 
appearance of minor bands in the pooled samples 
was caused by individual polymorphism. Figure 4 
illustrates a range of variants in banding patterns of 
individual mites originating from the different pop-
ulations when amplified with RND9 and RND 11. 
With using RND9, amplification of genome DNA 
of some mites from feral colony yielded bands at 
560 and 530 bp in addition to the common pattern 
for all studied mites with bands at 430 and 580 bp. 
When primer RND 11 was used, all tested mites 
from managed honeybee colonies and most mites 
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RND 9 

Fig 3. RAPD banding patterns of V. destructor collected from 
different subspecies of honeybee managed in Ukraine: a — A. 
mellifera mellifera L.; b — A . mellifera acervorum Scor.; с — 
A. mellifera carpatica. 

Рис. 3. RAPD паттерны клещей V. destructor, собранных с 
разных пород медоносной пчелы в Украине: а — бортевые 
пчелы A. mellifera mellifera L.; b — степная украинская 
пчела A. mellifera acervorum Scor.; с — карпатская пчела 
A. mellifera carpatica. 

Fig. 4. Variants of RAPD banding patterns of V. destructor-collected from different subspecies of the European honeybee managed 
in Ukraine, a — using primer RND 9; b — using primer RND 11: 1 -3 — A . mellifera mellifera L.; 4 - 6 — A . mellifera carpatica. 

Рис. 4. Варианты R APD характеристик клещей Г. destructor, собранных с разных пород медоносной пчелы в Украине, 
а — с праймером RND 9; b — с пранмером RND 11 : 1-3 — бортевые пчелы A. mellifera mellifera L.; 4 -6 — карпатская 
пчела A. mellifera carpatica. 

from the feral colony shared a pattern with bands at 
350 and 370 bp. However, among the specimens 
from Polessky reserve, a pattern was found without 
these bands, and some bands were different in 
intensity. The increased number of banding vari-
ants mirrors a higher level of genetic polymor-
phism among mites parasitizing the fetal colony. 
Individual genetic variability within the popula-

tions of V. destructor infesting A. mellifera mellif-
era inhabiting hive-logs in Polessky reserve 
(Zhytomirs'ka Oblast') was therefore higher in 
comparison to the mite populations from managed 
honey bees A. mellifera acervorum ardA. mellifera 
carpatica. 

The results of amplification with primer OPP-
03 also revealed the difference between individual 
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genetic variability of mites originating from private 
apiaries and feral colonies of honeybees. Individu-
als collected from A. mellifera mellifera had band at 
540 bp which is variable in appearance and two 
extra bands at 700 and 800 bp (Fig.l). 

DISCUSSION 

Theoretically, there are two possibilities of the 
Varroa invasion in Ukraine. Firstly, the mite could 
have come here from Russia, where it was first 
observed on A. mellifera in Primorskiy Kray at the 
border with China and North Korea in 1964 [Kuznet-
zov. Proschalykin, 2004]. Secondly, another source 
of the mite could be the export of contaminated 
honeybees from Europe where Varroa came along 
with colonies of A. cerana transported to Frankfurt, 
Germany for the study of its biology in the 1970's 
[Morse, Gonsalves, 1979]. While the Korea haplo-
type is known to be the type of Varroa spread in 
Russia [De Guzman et al, 1997; Anderson, True-
man, 2000], more than one haplotype of Varroa 
potentially could be brought to Europe with A. 
cerana . 

In this study, we analyze haplotype specifity of 
41 Varroa samples collected from A. mellifera 
mellifera, A. mellifera acervorum, and A. mellifera 
carpatica in three geographically distant regions of 
Ukraine: Zakarpats'ka Oblast', Poltavs'ka Oblast' 
and Zhytomyrs'ka Oblast'. This sample represents 
most parts of the territory and all honeybee subspe-
cies managed in the Ukraine. 

Two diagnostic primers, OPE-07 and OPP-03, 
were used for RAPD analyses. All our samples were 
found to belong to the Korea haplotype of V. destruc-
tor. This conclusion is based on previous report of 
De Guzman et al. [1997] who established the species 
diagnostics using the mtDNA COI region of the 
Korea and Japanese haplotypes and described their 
banding patterns using primers OPE-07 and OPP-
03. It seems there is correspondence between haplo-
type specificity and RAPD banding as well, since 
primary sequence of mtDNA COI region was used as 
the basis for haplotype classification [Anderson, 
Fuchs, 1998; Anderson, Trueman, 2000]. Hence, we 
showed in this study that the Korea haplotype of V. 
destructor is the most predominant if not the only 
haplotype of the mite in the Ukraine. Moreover, the 
similarity between banding patterns that of mites 
from Primorskiy Kray of Russia [Guzman et al. 
1997] and RAPD-pattern of mites from Ukraine we 
analyzed in the present paper shows that the mites 
originating from the Russian Far East are predeces-
sors of modern mites in Ukraine. 

Our findings are congruent with the results of 
our previous morphometric study of mites collect-
ed from A. mellifera in different geographic loca-
tions in Ukraine [Akimov et al., 2004]. The mean 
value of body length and width of the females were 
estimated to be 1149±0.89 [im and 1692.65±1.70 
juiin, respectively. These values are in a good ac-
cording with morphological characters of the Ko-
rea haplotype of V. destructor [Anderson, True-
man, 2000]. However, this haplotype is character-
ized by high variability in form and size of mite 
body. 

It is known that representatives of the genus 
Varroa have high specificity to the host not only 
of different species but also different subspecies 
of the European honey bee [Grobov, 1981; Garcia 
Fernandez, 1997; De Guzman, Rinderer, 1999; 
Anderson, 2000]. In order to examine possible 
genetic differentiation between the populations of 
the mite infesting different subspecies of the Eu-
ropean honeybee, we compared their RAPD pat-
terns using 12 informative primers selected from 
a total of 18. RAPD-PCR products for samples 
pooled for each location revealed similarities in 
main banding patterns for all geographic sampling 
locations and corresponding subspecies of honey-
bee (Fig.3-4). Diversity in the patterns was caused 
by presence/absence of minor bands that are indi-
vidual by nature. Taking into account the pre-
sumption of selective neutrality for RAPD mark-
ers and their random distribution throughout the 
genome, the similarity in appearance of 66 RAPD 
markers suggests that there are no genetic differ-
ences between the three mite populations infest-
ing different races of the host. Therefore high 
variability in morphometric features among these 
mites is rather a result of a high phenotypical 
plasticity, than of genetic diversity of the parasite. 
It was shown previously that the size and form of 
the mite body varies depending on season [Aki-
mov et al., 1990; 1993; 2004]. So, the summer 
generation of mite V. destructor differs from the 
winter one by decreasing of total size of the body, 
its transversal measurements and ventral shield 
sizes, and an enlargement of gnathosoma basis as 
well. Our comparison of individual genetic varia-
bility of Varroa revealed no difference between 
two populations of the mite infesting colonies of A. 
mellifera асепюгит and A. mellifera carpatica. 
However, individual polymorphism of V. destruc-
tor infesting feral A. mellifera mellifera inPolessky 
reserve was higher compared to the mite popula-
tions from managed honey bees, A. mellifera acer-
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vorum and A. mellifera carpatica. In accordance 
with these results, it was found that mites collected 
from the feral colony A. mellifera mellifera had 
more deviations from common features of the Ko-
rea haplotype of V. destructor, increased body 
width, enlarged ventral shields, and reduced legs 
compared with mites infesting domestic honey bee 
from private apiaries (A. mellifera acervorum and 
A. mellifera carpatica). We consider these devia-
tions as an adaptation to specific lifestyle in hive-
logs [Akimov, Benedyk, 2004]. 

There are several explanations of increased 
genetic polymorphism of Varroa mites parasiting 
feral honeybees. Territorial density of A. mellifera 
mellifera colonies in the reserve (1 colony per 1.6 
ha) is lower in comparison with apiaries[Piletskaya, 
Zhila, 2003] and this can contribute into increasing 
genetic isolation of the populations of these mites. 
Moreover, feral honeybees inhabiting hive-logs in 
Polessky reserve live without pesticide treatment, 
favored high degree of their infestation— from 2 to 
21% [Piletskaya, 2002]. At this density, the oppor-
tunity for mites to interbreed decreases, as 2-3 
females of the parasite may infest a single brood 
cell simultaneously. Conversely, the populations 
of mites in apiaries provided that pest control are 
undergoing reducing the number of parasites fol-
lowing by the frequent inbreeding. Systematic pes-
ticide treatments could also result in predominate 
resistance to pesticides in mite populations. It is 
premature to conclude which of these factors con-
tribute to the high genetic polymorphism in mites 
infesting the feral colonies until these mites are 
examined in different locations. It is apparent, 
however, that feral colonies of honeybee are both 
the reservoir for parasite reproduction and for main-
tenance of its genetic diversity and the valuable 
natural resource of genotypes of honeybee resistant 
to the mite infestation. 

The results of the present study demonstrate 
that the molecular genetic approach is a valuable 
tool for inter- and intrapopulation studies of V. 
destructor, while an extremely low polymorphism 
in allozymes [Issa, 1989; Biasiolo, 1992] not allow 
to discriminate any haplotypes. On RAPD method 
provides detection of low or moderate level of 
polymorphism, determination of haplotype specif-
icity and finding the differences between mite pop-
ulations. Extending range genetic markers with a 
higher level of variability will be helpful in provid-
ing estimates of mite gene flow within and between 
honeybee colonies, and in other aspects of inter-
and intrapopulation studies. 
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