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Abstract — Two types of Apis cerana are known from India: black or hill bees and yellow or plains bees, which
differ in mitochondrial haplotype. We investigated whether black and yellow A. cerana host different species or
strains of Varroa. Apis. cerana and any associated Varroa mites were collected from 21 colonies (5 with Varroa ), in
Bengaluru, India, and surrounding areas. Bees were scored for color and mitochondrial haplotype using sequences
of the cytochrome oxidase I and IT genes and the intervening leucine tRNA gene and non-coding region. Mites were
scored for species and strain using partial sequence of cytochrome oxidase I. We found both V. destructor with a
haplotype similar to the previously reported Sri Lankal and a novel haplotype of V. jacobsoni. Contrary to our
expectations, we found no association of mite species and bee mitochondrial haplotype.

mitochondrial DNA / host-parasite coevolution / Apis cerana/ Varroa / India / Varroa jacobsoni | Varroa destructor

Anderson and Trueman (2000) recognized Varroa
destructor Anderson and Trueman 2000 and
V. jacobsoni Oudemans, 1904 as separate, cryptic spe-
cies with broadly allopatric geographic and host ranges.
Two genetic strains of V. destructor from northeast
Asia, the Japan and the Korea strains, have successfully
made the transition from the original host, Apis cerana
Fabricius, 1793 to the novel host Apis mellifera Lin-
naeus, 1758 and become one of the most serious threats
to A. mellifera beekeeping. V. destructor’s impact on
A. mellifera has led to extensive study of geographical-
ly structured genetic variation in both V. destructor and
V. jacobsoni .

Geographic structuring of mtDNA variation in
V. destructor and V. jacobsoni populations is broadly
congruent with the geographic structuring of mtDNA
variation in A. cerana (Anderson and Trueman 2000;
Navajas et al. 2010; Smith and Hagen 1996; Smith 2011;
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Warrit et al. 2006; Zhou et al. 2004). V. jacobsoni para-
sitizes southern lineages of A. cerana, primarily those
occupying lands on the Sunda shelf, which were inter-
mittently united to the mainland during Pleistocene gla-
cial periods. This includes Indonesia, peninsular and
Bornean Malaysia, peninsular Thailand south of ~11°
N, and probably adjacent areas (Smith and Hagen 1996;
Smith 2011). Varroa destructor is found on lineages of
A. cerana across most of mainland Asia, including Ko-
rea, Japan, China, and Thailand north of ~ 11° N
(Navajas et al. 2010).

India is home to two varieties of A. cerana—the
yellow or plains bee and the black or hill bee (see, for
example, Kapil 1956). These are characterized by dif-
ferences in coloration, mating flight time (Oldroyd et al.
2006), and mtDNA haplotype (Smith and Hagen 1996).
We had an opportunity to investigate A. cerana and
Varroa from Bengaluru (Bangalore), India and sur-
rounding areas March 3-5, 2014, with the goal of
determining whether one or both mite species were
present, the mites’ mitochondrial haplotypes, and
whether the hill and plain bees were host to different
mites. Both the bee and the mite samples were pre-
served in 90% ethanol; mites were stored together in
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one vial with A. cerana workers from their host nests. We sampled 21 colonies of A. cerana, 5 of which
These specimens were loaned to the University of Kan-  contained mites. We classed bees as black, yellow, or
sas Snow Entomological Collection by author MSR for ~ brown (darker yellow) (1) by scoring the amount and
purposes of identification. distribution of yellow coloration on the first three

V. jacobsoni Vietnam-Lam Dong MH449980

V. jacobsoni Thailand-ChiangMai GQ387679

V. jacobsoni Thailand-ChiangMai DQ061190

V. jacobsoni Thailand-ChiangMai DQ061189

V. jacobsoni India-Bengaluru MH449979

V. jacobsoni Malaysia-peninsula AF106906

V. jacobsoni Thailand-KoSamui DQ061188

V. jacobsoni Malaysia-Borneo AF106907

V. jacobsoni Indonesia-Sumatra AF106905

V. jacobsoni Indonesia-Lombok AF 106904

V. jacobsoni Indonesia-Sumbawa AF 106903

V. jacobsoni Indonesia-Ambon AF106908

V. jacobsoni Indonesia-Java AF 106910

V. jacobsoni Indonesia-Bali AF 106909

V. jacobsoni Indonesia-Flores AF106902

Varroa sp. Philippines-Mindanao AF 106893

Varroa sp. Philippines-Luzon AF106894

Varroa sp. Philippines-Luzon AF 106895

89 [ V. destructor India-Bengaluru MH449978
| V. destructor Sri Lanka AF106896

. destructor China-Guangzhou AF 106900

. destructor China-Dayao GQ379068

. destructor Nepal AF106898

. destructor Japan AF106897

. destructor Korea AF106899

. destructor China-Kunming GQ379067

V. destructor Vietnam AF106901

V. rindereri AF107261

V. underwood iAF 107260

Fig. 1 Phylogenetic tree showing that indigenous Indian Varroa include both V. destructor and V. jacobsoni .
V. destructor and V. jacobsoni samples each form well-supported, monophyletic groups. Haplotype SouthIndial,
(V. destructor India-Bengaluru MH449978) groups with V. destructor, haplotype Bengalurul (V. jacobsoni India-
Bengaluru MH449979) groups with V. jacobsoni. Bootstrap consensus tree showing relationships among
V. destructor and V. jacobsoni cytochrome oxidase I partial sequences was constructed using maximum likelihood
and the HK'Y+G model of sequence evolution (Hasegawa et al. 1985) with 500 bootstrap replications, implemented
in MEGA7 (Kumar et al. 2016). Branches with less than 80% bootstrap support were collapsed; bootstrap supports
of 80% or greater shown above branches. Varroa rindereri and V. underwoodi were used to root the tree. Each
sequence shown is unique and, except for V. rindereri and V. underwoodi, from Varroa collected from A. cerana.
Duplicate sequences and V. destructor collected from A. mellifera were not used in tree-building. Sequences are
named by species + place of collection + GenBank accession number. The two haplotypes found in this study are
shown in larger boldface type.
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metasomal tergites of five worker bees per nest (Ruttner
1988; Oldroyd et al. 2006), and (2) sequencing a mito-
chondrial fragment (comprising a portion of the COI
gene, non-coding region, leucine tRNA, and a portion
of the COII gene) from one or two workers from nests
without or with Varroa , respectively (primers as in Hall
and Smith 1991; PCR protocol as in Smith and Hagen
1996, Warrit et al. 2006). PCR products were prepared
for sequencing using ExoSAP-IT PCR Product Cleanup
Reagent as described by the manufacturer (Thermo
Fisher Scientific, Waltham, MA, USA). Sequences
were compared with gene sequences from known black
and yellow Indian bees collected in Bengaluru in Au-
gust, 1991 (Smith and Hagen 1996).

We found that most of the A. cerana colonies carried
mtDNA haplotypes characteristic of the black or hill vari-
ety: 14 black, 6 yellow, and one abandoned nest with no
bees, only free-running mites present. Workers from all 14
nests carrying black or hill variety mtDNA were also
visually scored as black; those from the 6 nests carrying
yellow or plains mtDNA were scored as yellow or brown.

We used primers V-51F (5'-GTAATTTGTATACA
AAGAGGG-3') and V-1400R (5'-CAAT
ATCAATAGAAGAATTAGC-3') to amplify a 328-bp
fragment of the mitochondrial COI gene of 5-6 Varroa
from each of the five nests with mites (see Warrit et al.
2006 for PCR conditions). This fragment is located at
positions 1888 to 2215 on the complete mitochondrial
genome of V. destructor (GenBank AJ493124.2; Evans
and Lopez 2002). Sequencing and trimming yielded
280 bp of sequence corresponding to the sequences
presented by Anderson and Trueman (2000).

To determine if our Varroa sequences were novel or
had been reported previously, we compared them with
V. destructor collected from A. cerana (AF106896,
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AF106900, GQ379068, AF106898, AF106897,
AF106901, GQ379067, AF106899), V. jacobsoni
(GQ387679, DQO61190, DQO61188, AF106906,
AF106907, AF106910, AF106910, AF106909,
AF106908, AF106905, AF106902, AF106904,
AF106903), and Philippine Varroa (AF106893,
AF106894, AF106895). To assign our Varroa sequences
to V. destructor or V. jacobsoni , we constructed a phylo-
genetic tree using the maximum likelihood method in
Mega 7.0 (Kumar et al. 2016) and the best model of
substitutions obtained for our data. We used one exemplar
of each of the two distinct haplotypes obtained from our
Indian mites, representative sequences of V. destructor and
V. jacobsoni , and V. rindereri de Guzman and Delfinado-
Baker, 1996 (AF107261) and V. underwoodi Delfinado-
Baker and Aggarwal, 1987 (AF107260) as outgroups to
root the tree (Anderson and Trueman 2000; Navajas et al.
2010, Warrit et al. 2006, Zhou et al. 2004). Results are
shown in Fig. 1.

Both V. jacobsoni and V. destructor were present in
the A. cerana hives we examined. The Indian
V. destructor haplotype found here (GenBank accession
# MHA449978) differs by just two bases from the haplo-
type reported from Sri Lanka (Sri Lankal; Anderson
and Trueman 2000; GenBank Accession AF106896);
we call it V. destructor haplotype South Indial. Our
V. jacobsoni haplotype (GenBank accession #
MH449979) did not match any previously reported
haplotypes in Genbank or in the literature; we call it
V. jacobsoni haplotype Bengalurul. Table I shows the
mtDNA haplotypes of the mites in the five A. cerana
hives with mites (one lacking bees). There appeared to
be no correlation of mite species and bee strain; how-
ever, our sample of nests carrying mites was very small,
and we could not always observe whether the mites

Table 1. Varroa species present in colonies of Apis cerana in southern India. Apis cerana type (black or yellow) and
Varroa species identifications based on mitochondrial cytochrome oxidase I sequence data. Five or six mites
sampled per nest. Sites 1 and 2 were small apiaries in Bengaluru on the Bangalore-Mysore road; site 3 was a roof-top

home apiary, Kamakshipalya neighborhood, Bengaluru.

Nest Collection site Nest condition A. cerana haplotype Varroa destructor Varroa jacobsoni
2014-11 Site 1 Adult workers and Black 0 5
drone brood present
2014-12  Site 2 Adult workers and Yellow 1 4
drone brood present
2014-19 Site 3 No workers; Yellow 4 1
drone brood present
2014-20  Site 3 Adult workers and Yellow 5 1
drone brood present
2014-21 Site 3 No bees present; No bees 5 0

mites on comb
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were successfully reproducing in the nests from which
they were collected. Thus, though we can say that both
V. destructor and V. jacobsoni with a novel COI se-
quence are present on A. cerana in India, we cannot yet
determine if the two Varroa species are selective re-
garding which type of A. cerana they reproduce on.
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