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Abstract Varroa destructor is one of the scourges of global beekeeping. It was detected for the
first time in Benin in 2011 on the honeybee Apis mellifera adansonii. The aim of this study was to
identify the strain of Varroa sp. found and study its genetic diversity. In total 183 Varroa mites
were sampled in 21 municipalities in Benin. The COI intergenic region of each mite mtDNA was
amplified by PCR. The Sacl restriction enzyme was used to determine the strains of Varroa sp.
Only the Korean (K) haplotype, identical to the most prevalent strain in Africa, was detected.
Analysis of the genetic diversity of Varroa mites with eight microsatellite loci (Simple Sequence
Repeats) indicated a very low diversity of genotypes. Thus, V. destructor populations from Benin
appear to make up a single group. Their clonal wealth ranges from 0.00 to 0.47. This study is an
important step forward in the monitoring of the infestation of V. destructor.
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Introduction

One of the main problems facing the beekeeping industry is the infestation of bee
colonies by the parasitic mite Varroa destructor (Anderson and Trueman 2000). Varroa
destructor lives as a haematophagous ectoparasite on bees (Wendling 2014). It is an
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ecto-parasite on Apis mellifera honeybees (Colin et al. 1997). In addition to the high
rates of V. destructor mite infestation in A. mellifera colonies, V. destructor is also a
vector of various infectious diseases, such as the acute paralysis virus, Kashmir virus and
deforming wing virus (Bakonyi et al. 2002; Chen et al. 2004; Tentcheva et al. 2006). In
Africa, beekeeping activity is mainly based on swarms of trapped bees. The presence of
V. destructor in sub-Saharan Africa was mentioned for the first time in South Africa in
1997. The mite was detected on the two local subspecies A. m. capensis and A. m.
scutellata. Tt was also detected in 2009 in several countries of East Africa (Kenya,
Tanzania, and Uganda) and recently in part of West Africa (Viniwanou 2009; Fazier
et al. 2010). Varroa destructor was found on the endemic bee A. m. adansonii in Benin
where most of the honey production is the result of bee hunting (Paraiso et al.
2011, 2012a).

Africa is the only continent with a large natural population of bees (Paraiso et al.
2012b). The presence of V. destructor then raises specific concerns. The spread of this
parasite is not only a threat to health and the monitoring of colonies but also to wild
bee populations that pollinate 40-70% of native plants (Dietmann et al. 2009). Indeed,
major losses of bee colonies due to the actual parasite were reported in Benin. But in
actual fact, V. destructor is a parasite which beekeepers from Benin know little about
and as a result, it is often found late when it arrives in a region. It was identified in the
colonies from Benin by Paraiso et al. (2011). Its infestation rate varies from 5 to 7% in
Benin hives and this parasite was found in all the hives sampled during the present
study. Further, the Varroa found in Benin originates from natural spread and movement
of bees from neighboring countries. Its distribution in the hives is done especially
through the exchange of bee colonies between close beekeepers in quest of colonies
producing more honey. The control of Varroa in Benin is a major cause for concern
because of the importance of bees in crop pollination. Many tropical crops, like
cashew, rely on pollination by bees (Reddi 1987; Allsopp 2006). The colony losses
could have disastrous economic impacts on small beekeepers from Benin who often
associate beekeeping with other farming activities (De Holanda-Neto et al. 2002).

Several mitochondrial haplotypes of V. destructor were described in previous studies,
but only two of them are able to reproduce on A. mellifera (Solignac et al. 2003). These are
the Korean (K) and Japanese (J) polymorphic haplotypes (De Guzman et al. 1997, 1999).
These mites were found parasitizing their original host A. cerana. The K type infests A.
mellifera almost everywhere in the world, but the J type was observed on A. mellifera in
Japan, the Americas (including Brazil), Thailand and Island (De Guzman et al. 1999;
Garrido et al. 2003; Solignac et al. 2003, Brettell and Martin 2017). No data concerning the
genetic diversity of this parasite exist in Benin.

The aim of this study was to identify the strain of V. destructor present in Benin and
analyze its genetic diversity.

Materials and methods
Sample collection

Honeybee (A. m. adansonii) samples were collected from 20 municipalities located in
Northwest, Northeast and Central Benin (Fig. 1). Between 100 and 300 bees per hive were
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Fig. 1 Location of Varroa collection sites in the various agro-ecological zones of Benin

collected in containers with 96% ethanol and transported to the laboratory for further
analysis. All receptacles with the bees were stirred for about 2 min and the mites were
collected separately in 96% ethanol and stored at 4 °C for subsequent DNA analysis.
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DNA extraction

To extract DNA each mite was ground and added to 300 pl of Chelex (10%) heated at
60 °C (Walsh et al. 1991). Ten pl of proteinase K (0.25 mg/ml) was added to the mixture,
and the whole was placed at 50 °C for 1 h and then at 95 °C for 30 min in a heating
appliance. The eluates containing the DNA were centrifuged for 10 min at 12,000 rpm and
stored at —20 °C until use.

Amplification of mtDNA and enzyme restriction with Sacl

The mitochondrial (mt) DNA of Varroa was PCR-amplified using the primers COXF (5'-T
ACAAAGAGGGAAGAAGCAGCC-3) and COXR (5GCCCCTATTCTTAATACATAG
TGAAAAATG-3'). PCR was performed based on the method proposed by Anderson and
Fuchs (1998).

The COI intergenic region of Varroa mtDNA was amplified according to the following
program: initial denaturation (92 °C for 4 min) followed by 35 cycles of denaturation
(92 °C for 1 min), annealing (52 °C for 90 s), initial elongation (72 °C for 90 s) and final
elongation (72 °C for 3 min), and finally steadiness at 15 °C. The product was elec-
trophoresed on 2% agarose gel stained with ethidium bromide. The rest of the PCR product
was digested for 4 h at 37 °C with the Sacl restriction enzyme to identify the strain of
Varroa present in Benin (De Guzman et al. 1997). The digested products were examined
on 2% agarose gel stained with ethidium bromide and visualized by ultraviolet light.

Analysis of nuclear DNA

To study the genetic diversity within the mites investigated, the analysis of their nuclear
genome was carried out through the amplification of eight microsatellite loci VD163,
VD001, VD114, VD016, VD112, VD119, VD126 and VD152 (Solignac et al. 2005). PCR
was performed using the method of Dynes et al. (2016). In order to identify the genotypes,
the PCR products were then prepared for capillary electrophoresis by mixing 1 pl of the
PCR product with 9 pl of formamide (GENSCAN). The mixtures were genotyped using an
automated DNA Sequencer ‘Applied Biosystems (ABI 3130XL)’. The identification of
alleles at each locus was performed by comparison with the size standard (Rox) using the
GeneMapper software (AB) 4.0 V.

Statistical analysis

The data were compiled in an Excel 2010 spreadsheet and Varroa strains were identified.
The statistical analysis of the population genetics was performed using the GeneAlex
package v.6.5 and the Power Markers package v.3.2. Individuals with missing genotype
data for more than 40% of all loci were excluded from statistical analysis. The diallelic
data elicited from the 08 SSR markers were used to estimate genetic diversity within the
parasites by means of the GeneAlex software package. The polymorphic information
content (PIC) was calculated and the genetic diversity was estimated with the Power
Marker and GeneAlex packages. The structure of the genetic diversity tree was constructed
using the PowerMarker software package based on Nei’s distance method and UPGMA.
The dissimilarity matrix that generated SSR diallelic data was subjected to principal
component analysis (PCoA) of coordinates with the GeneAlex package v.6.2.
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Fig. 2 Varroa samples on 2% agarose gel. MII, size marker

Results

Variability of fragment lengths of the COI region and polymorphism
restriction

The fragments obtained on agarose gel reveal that all the Varroa samples tested have
563 bp as size (Fig. 2). None of the DNA samples was digested by the Sacl enzyme. This
suggests that the Varroa samples are not polymorphic and thus belong to the same K
haplotype.

Genetic diversity parameters

Data on the genetic diversity parameters indicate that 7 out of the 8 markers used were
amplified. It also appears that in 99% of cases, the same alleles were obtained for all
samples analyzed at all loci. The majority of the primers used have a rate of Polymorphic
Information Content (PIC) which is very low or nil. The allele frequency obtained ranges
from 0.60 to 1 with an average of 0.94.

Grouping of Varroa colonies based on their similarities

The analysis indicates that all the Varroa mites analyzed are identical at a genetic distance
of 1 with 0 as genetic distance between the individuals analyzed. However, only two
samples collected in Central Benin can be considered as different from all other mites. In
general, this analysis shows that all the Varroa samples are clones and do not vary from
one municipality to another.

Discussion

The analysis of mitochondrial and microsatellite DNA helped to identify the subspecies of
Varroa present in Benin. The PCR with mtDNA showed that there is no size variability,
indicating that all the Varroa analyses belong to a single clone and corroborate those of
Solignac et al. (2005). Indeed, those researchers indicated that the sub-species of Varroa
(Japanese and Korean) have a clonal distribution.
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The enzyme restriction did not show digested samples among the analyzed Varroa
mites. According to Solignac et al. (2005), this showed that the analyzed Varroa samples
belong to the Korean (K) haplotype. This haplotype is the most common sub-species in the
world and is also present in Africa (Fazier et al. 2010). Indeed, the actual haplotype infests
races of European bees and of pure African and Africanized races. The K haplotype is able
to reproduce on all the subspecies of A. mellifera and on the other Apis species from
Europe, Middle East, Asia, America and Africa (Solignac et al. 2003; Maggi et al. 2012).

The microsatellite DNA analysis of Varroa showed that, in 99% of cases, the same
alleles were obtained for all samples, which indicates that 99% of the analyzed mites are
genetically identical. Solignac et al. (2005) suggested that the eight markers used in this
study are among the most polymorphic ones for analysis of genetic diversity of Varroa.
The markers VD001, VD114, VD163, VD119, VD126 appeared monomorphic for the
Varroa analyzed and therefore do not discriminate them, whereas VD 016 and VD112 are
both polymorphic for the samples analyzed. The allelic frequency obtained ranged from
0.60 to 1 with an average of 0.94. These results confirm those of Solignac et al. (2005), i.e.,
a very low diversity within each sub-species of Varroa (Japanese and Korean). Similar
results—low genetic variability—were observed with Varroa of A. m. iberiensis in Spain
(Mufioz et al. 2008). In general, this analysis shows that all Varroa samples are clones and
do not vary from one municipality to another.
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