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Abstract: The utilization of molecular techniques to predict the phylogenetic similarity within the honey bee topologically divided these into
three groups viz., giant bees, dwarf bees and cavity-nesting bees. Four species of honey bee, i.e., Asian honey bee (Apis cerana), dwarf bee
(Apis florea), the rock or giant honey bee (Apis dorsata) and European honey bee (Apis mellifera) collected from North Western Himalaya
region were molecularly characterized using partial mitochondrial Cytochrome oxidase | (COIl). Nucleotide frequency analysis revealed that
partial COI gene sequences were A+T biased (>73%), while the amino acid frequency analysis showed higher frequency of leucine (13.71%)
and serine (12.27%). Among the tested species of honey bees A. florea showed exceptionally higher concentration of Cystine Amino acid. The
overall variation in 72 SNPs was revealed by multiple sequence alignment of COIl sequences from four species. The results reveal more
transversion (56.5%) compared to transition (43.5%). Additionally, the pairwise genetic distance analysis described that A. cerana and A.
dorsata had least genetic distance (0.102). The Ts/Tv value of 0.61 suggests that there is insignificant neutral selection in honeybees of north
western Himalayan region of Uttarakhand. Such researches are significantly important to analyze the biodiversity of area, distinguish cryptic
species and develop distinct taxonomic tools for integrative taxonomy of Honey bees.
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Pollinators are fundamental vehicles for plant direct the occurrence of the common genetic characters

reproduction, ecosystem health, and agricultural production
(Ollerton 2017 and Klein et al 2007). The most essential and
diverse group of pollinators are the insects, with honey bees
specifically regarded the most essential group due to their
significant numbers and expertize on floral resources
(Ollerton 2017). They contribute up to 73% pollination
services provided by animals in total (Michener 2007, Abrol
2009 and Ollerton et al 2011). Worldwide the services of bee
pollinators to the agriculture are predicted around $235- $577
billion per year (FAO 2018). Honey bees of genus Apis
(Hymenoptera: Apidae: Apini), comprise around seven
species and are ranked as best pollinators due to their
eusocial nature (Algarni et al 2011, Oleksa and Tofilski 2015,
Haddad et al 2016, Cridland et al 2017, Eimanifar et al 2018).
Generally, all the honey bee species have same biological
characters viz., i) the occurrence of one queen in the colony
(for egg laying), ii) thousands of workers are responsible for
all activities such as foraging, cleaning of the hive, defending
the enemy (Abou-Shaara et al 2017), and iii) drones with
main role to mate virgin queen (Heidinger et al 2014 and
Abou-Shaara et al 2021), iv) the similar thermoregulation
capacity (Abou-Shaara et al 2017). These resemblances

between them. These characteristics are based mainly on
the coding regions in the nuclear and the mitochondrial DNA
(mtDNA) (Abou-Shaara 2019a).

During the last few decades, numerous identification
approaches like developing the database of prototypes and
comparing the unknown specimen with the well identified
specimen within the database are practiced but, with only
probable accuracy has been achieved (Ratnasingham and
Hebert 2007). Distinguishing among the honey bee sub-
species is intricate and necessitates specific knowledge. Itis
normally based on morphometric characteristics of bees, like
head width in frontal view (including eyes), antennal scape
length, and hind tibia length (Gruber et al 2013). Angles in the
forewing have been used to distinguish within bee groups
(Nedic et al 2011 and Kulici et al 2014). Besides these wing
morphometrics are also utilized (Silva et al 2015). Automated
Bee Identification (Schroder et al 2002) and Digital
Automated Identification System (DAISY) (Weeks et al 1999)
are two such systems, although they are rarely effective
because a new specimen whose prototype does not exist in
the library cannot be identified with 100% accuracy. Using
molecular techniques, researchers were able to better
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understand the genetic diversity pattern, phylogenetics,
biogeography, evolution, and population genetics of insects
(Susanta 2006 and Andrade- Souza et al 2017). Molecular
characterization methods such as DNA barcoding using
mitochondrial cytochrome oxidase | genes have shown
promise in identifying the bee biota. (Magnacca and Brown
2010, Magnacca and Brown 2012 and Wang et al 2014). The
molecular techniques provide numerous other information's
like identification of the sympatric and cryptic species withina
habitat (Eriksson et al 2017 and Nneji et al 2020),
classification of dimorphic sex species (Gibbs 2009 and
Sheffield et al 2009), characterizing of species which are
otherwise difficult to identify on morphological basic (Gibbs
2009, Rehan and Sheffield 2011 and Williams et al 2012) and
determination of the evolutionary relationship and genetic
distances within the targeted insect species (Will and
Rubinoff 2004 and Kekkonen and Hebert 2014). Use of COI
gene, has been utilized successfully to understand the
population genetic structure and variations among the
insects (Pramual et al 2005 and Patel and Jadhav 2019).
Therefore, utilizing this method in combination with other
mitochondrial and nuclear markers has unlocked new
perspectives for the identification of species and studies
related to genetic diversification of insects (Low et al 2016
and Pramual and Nanork 2012). In this study, we investigated
the population genetic diversity of Apis species of
Northwestern Himalayas. We sequenced the cytochrome ¢
oxidase subunit 1 gene (COl) of individuals of Apis species
collected from different eco-geographic regions in
Northwestern Himalayas. The objectives present study was
to use the DNA (COl) barcode data to reliably identify and
characterize Apis species and evaluate the mitochondrial
genetic diversity pattern and population structure.

MATERIAL AND METHODS

Test insects: The specimens of four Apis species (A.
cerana, A. mellifera, A. florea and A. dorsata) were collected
from crops grown in the Experimental Farm, Hawalbagh of
ICAR-Vivekananda Parvatiya Krishi Anusandhan Sansthan
(VPKAS), Almora situated at 29°37'N and 79°40'E with an
altitude of 1250 m in Uttarakhand state of North Western
(NW) Himalayan Region, India. The Apis species are
dominant pollinators of the crops in the Northwestern
Himalayas.

DNA extraction: The standard methodology of CTAB as
described by Subbanna et al (2016) was followed for
extraction of genomic DNA from the honey bee specimens.
The three pairs of legs of honey bee species were crushed in
liquid nitrogen utilizing autoclaved pestle and mortar, the
crushed material was transferred to a micro-centrifuge tube.
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600 pl of CTAB solution (20 parts of 1M Tris-HCI, 8 parts of
0.5M EDTA, 56 parts of 5M NaCl and 4 parts of CTAB and the
final volume makeup 1000ml and the pH adjusted to 8. After
this 0.4 parts of R-mercaptaethanol were added along with 1
mg/ml of proteinase K was transferred to the tube and
incubated in a water bath at 57°C for 3-5 hours. The contents
were vertexed manually after every 20 minutes for thorough
degradation of the tissues. The degraded material was
treated twice with phenol-chloroform-isoamyl solution
(25:24:1) to extract the genomic DNA and ice-cold isopropyl
alcohol was used to precipitate the DNA at -20°C for 30
minutes. The DNA pellet obtained after centrifugation at
10000 rpm for 7 minutes was washed with 70% chilled ethyl
alcohol to remove the excess salts and was suspended in 40
ul of TE buffer. DNase-free RNase A treatment was followed
for 1 h at 37°C to remove the RNA residues. Electrophoresis
with 0.8% agarose gel was carried out to visualize intact
genomic DNA and the DNA samples were diluted if required
to obtain a working solution of 20-25 ng/pl.

PCR protocol: The insect specific universal mitochondrial
cytochrome oxidase | primers (JM 76 (5-GAGCT
GAATTAGG(G/A)ACTCCAGG-3) and JM 77 (5-
ATCACCTCC(A/T) CCTGCAGG ATC-3)) were used for
amplification of the target region from four Apis species. The
PCR reaction mix utilized for the study was as follows, 50 ng
of DNA template, 200nM of dNTPs, 1mM of each primer, 2.5
units of Tag DNA polymerase and 5ul of PCR reaction buffer
was added to make the make a final volume of 50 pl. The
PCR reactions were performed in a thermal cycler (Biorad)
with an initial 3 min denaturation step at 95°C, followed by 35
amplification cycles consisting of 1 min denaturation at 95°C,
45 seconds annealing at 52°C and 1 min extension at 72°C
with an additional final step of extension for 10 min at 72°C.
The presence of amplified PCR product was visualized and
confirmed in the gel documentation system (Alpha Image
Analyzer, Alpha Innotech Corporation) by 1.2% agarose-EtBr
10 mg/ml gel electrophoresis with 2.5 yl PCR product.
Sequencing and data analysis: Gel elution columns
(Sigma) were used for purification of the amplified products of
the target gene. The purified products were sequenced
directly by an automated DNA sequencer (ABI 377) following
manufacturers guidelines for the Big Dye terminator kit
(Applied Biosystems). The sequence thus obtained were
aligned with Clustal Omega (1.2.2) multiple sequence
alignment (Sievers and Higgins 2018). Further analysis on
phylogenetic and molecular evolutionary analyses, pairwise
genetic distance among Apis species, variation in nucleotide
sequences as well as transition/transversion rate ratios were
calculated by comparing with the CO1 sequences of other
closely related Apis spp. in the NCBI GenBank database by
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BLASTN. The MEGA X 10.0.5 software (Molecular
Evolutionary Genetic Analysis version X) (Kumar et al 2018)
was used for the construction of Maximum likelihood
evolution tree (Saitou and Nei 1987) utilizing the distance
matrix from the alignment. The confidence level of each
branch was tested by bootstrapping 1000 replicates
generated with random seed. The nucleotide sequences
were translated into amino acid sequences with the help of
invertebrate mitochondrial genetic code through the ExPASy
translate: SIB bioinformatics resource portal (Artimo et al
2012) and were aligned using Clustal omega software
(Sievers and Higgins 2018). The variation in the amino acid
concentration within and among the species was estimated
by computing the amino acid composition by MEGA X 10.0.5
software. The generated sequences of partial mitochondrial
COlI region were further submitted to NCBI GenBank
database through Bankit submission tool (https://www.ncbi.
nim.nih.gov/WebSub/?tool=genbank) to acquire the
individual accession number (Apis dorsata COI-Almora 1-
ON506691, Apis florea COI-Almora 1 - ON506690, Apis
mellifera COI-Almora 1 - ON506267, Apis cerana indica COI-
Almora 1- ON506013).

RESULTS AND DISCUSSION

Four species of honey bees were collected from the
premises of experimental form hawalbagh of VPKAS-ICAR,
Almora while pollinating various crops. During the present
investigation, the partial mitochondrial COI regions of (683-
696) bp of A. cerana, A. mellifera, A. florea and A. dorsata
were amplified. These species were morphologically
characterized but to clear the ambiguity at molecular level,
the molecular characterization with partial mitochondrial Cox
1 gene were carried out. The sequences of honey bee
obtained were BLASTn to determine the resemblance index
and recognition of every isolate from North-western
Himalayas of India with closely related sequences are
displayed in the phylogenetic tree. For mitochondrial COI
gene fragment, there was 97-100, 98.53-99.25, 85.28-95.23
and 91.29-99.84 percent nucleotide identity for A. cerana, A.
mellifera, A. florea and A. dorsata sequences respectively,
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when these sequences were analyzed by BLASTn
separately in NCBI database. The evolutionary relationship
of honey bees based on mitochondrial COI gene categorized
the whole assemblage into four main groups (Fig. 1). Apis
cerana indica voucher specimen Almora form a sub-cluster
with 100% similarity with the Apis cerana isolate CL24
mitochondrion species form Bangalore, India, collected by
Sudhagar et al (2014), Apis cerana isolate KYY-41, and Apis
cerana isolate KYY-42 from China isolated by Wang (2021),
Apis cerana mitochondrion, a species from USA (having
NCBI accession number KU963188.1, MZ191825.1,
MZ191824 and NC_014295.1 respectively). All these
species form separate sub-clade in the maximum likelihood
tree. Apis florea voucher specimen Almora represents 99%
similarity in its sequence with Apis florea cytochrome oxidase
subunit | specimen collected from Bangalore, Karnataka
(NCBI accession number KU666428.1), both forming a
separate cluster in maximum likelihood tree (Sangeetha et al
2016). A. dorsata voucher specimen Almora shows 96%
sequence identity with Apis dorsata specimen cytochrome
oxidase subunit | (NCBI accession number KJ755328)
recorded from Indian Institute of Horticultural Research,
Hessaraghatta Lake Post, Bangalore, Karnataka (Sudhagar
et al 2014). Both these form a separate sub-cluster in
maximum likelihood tree.

A. mellifera form two sub-cluster, in which our specimen
i.e., Apis mellifera-COIl-Almora 1 represent a separate sub-
cluster. Although A. mellifera show cent percent identity with
Apis mellifera voucher PHEL: 4132 from USA (KU601503.1),
Apis mellifera voucher HY37(NC001566.1) from USA, Apis
mellifera anatoliaca mitochondrion (MT188686.1) from USA,
Apis mellifera caucasica mitochondrial DNA (AP018404.1)
from Japan, Apis mellifera voucher HY37 from Bangladesh
and Apis mellifera carpatica isolate 6-27 (MF100917.1) from
Russia (Dhami et al 2016, Aslam et al 2016, Aslam et al
2018, Boardman et al 2020 and llyasov et al 2019) it did not
show close evolutionary relationship with any of these
sequences. As the entire mitochondrial DNA sequence was
used for the construction of phylogeny, the Cox | region
proves to be highly conserved region, through which

Table 1. Pair-wise genetic distance analysis between four species of Apis spp

Cox1 nucleotide sequences

Apis_cerana_Indica_C  Apis_mellifera-COI-

Apis_florea-COI- Apis_dorsata-COl-

Ol-Almora_1 Almora_1 Almora_1 Almora_1*
Apis_cerana_Indica_COI-Almora_1*
Apis_mellifera-COIl-Almora_1 0.127
Apis_florea-COI-Almora_1 0.255 0.263
Apis_dorsata-COI-Almora_1 0.102 0.114 0.277

*The nucleotide sequences of Apis_dorsata-COI-Almora_1 and Apis_cerana_Indica_COIl-Almora_1 showed no pairwise genetic relationship, thus yielding the

Pair-wise genetic distance analysis value of 0.000
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molecular characterization of insects can be taken up with
higher degrees of specificity.

When the phylogenetic tree was constructed with the
MEGA X 10.0.5 software (Fig. 1), it was observed that the
four species of Apis native to Indian Himalayas formed four
separate groups in the maximum likelihood evolution tree.
The node support estimated using 1000 bootstrap
pseudoreplicates, showed that A. dorsata, A.florea and A.
mellifera species evolved together as they showed 100%
node value. The results showed that the A. cerana species
showed 98% node value using 1000 bootstrap
pseudoreplicates in the evolutionary analysis.

The pairwise genetic distance analysis carried out
between the Four tested Apis species, recorded that A.
cerana indica and A. dorsata had least genetic distance of
0.102 followed by A. dorsata and A. mellifera with genetics
distance of 0.114 while the genetic distance between A.
florea and A. mellifera was the highest with the value 0.263.
Further to understand the inter-specific diversity among the
four experimented species on the basis of 684 bp CO1
sequence, the variation in single nucleotide polymorphism
(SNPs) was estimated by aligning the four sequences in
CLUSTAL Omega (1.2.4) multiple sequence alignment

= Apis dorsata cluster

= Apis mellifera cluster

Apis florea cluster

Apis cerana indica cluster

Fig. 1. Phylogenetic analysis through maximum likelihood
method of four species of Apis along with 32 closely
associated Apis species sequences (Trichogramma
chilonis strain shenyang was taken as out group)
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software (Fig. 2). It was observed that a total variation in 72
SNP's was recorded, which was large enough to differentiate
the species at inter-specific level. The mean number
nucleotide frequency amongst the four species of Apis was
also examined (Fig. 3) and COIl sequences were usually A+T
biased with the concentration of A+T exceeding 73.49%,
while the concentration of G+C was well below 26.51%. The
highest concentration was found to be of T/U i.e., 40.57 %.
Along with nucleotide frequencies, the
transition/transversion rate ratios were also calculated (Table
2) for the 36 species of four Apis species and it was reported
that the ratios were k71 = 1.294 (purines) and k2 = 1.738
(pyrimidines) and the overall transition/transversion bias was
R=0.627, where R = [A*G*k1 +T*C*k2)/[(A+G)*(T+C)]. The
tested honey bee specimen show more transversion (56.5%)
compared to transition (43.5). Maximum Composite
Likelihood Estimate of the Pattern of Nucleotide Substitution
showed maximum base substitution between C to T and vice
versa with a maximum of 19.91. To further analyze the
variation in amino acid composition among the four
sequences of Apis species, the sequences were translated
by ExPASy translate software and the nucleotide
compositions were estimated by MEGA X software (Fig. 4).
Maijority of deviations in polypeptides were associated with
substitution of small amino acids with other. The per cent
amino acid composition among the four Apis species showed
that Leucine and Serine were found at the highest
frequencies with an average of 13.71% and 12.27%
respectively. Among all the tested specimen Cysteine amino
acid was found with higher frequency in A. florea only.
Moreover, it was found that the variation in amino acid
frequency indicates huge variation among the four Apis
species native to Indian Himalayas. Throughout the world,
20,355 species of bee pollinators has been documented
(Ascher and Pickering 2019), their taxonomic identification is
still in dearth stages due to lack of distinguishing
morphological characters in bee taxonomy (Packer et al
2009), identification of bees become more herculean task for
taxonomists due to huge biological diversity and presence of
cryptic species (Hines and Williams 2012 and Vamosi et al

Table 2. Maximum composite likelihood estimate of the
pattern of nucleotide substitution of 34 species of

Apis
Nucleotides A T C G
A - 11.46 4.23 4.22
T 9.3 - 7.35 3.26
C 9.3 19.91 - 3.26
G 12.03 11.46 4.23 -
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2017). Morphological identification is no longer enough to
obtain accurate data on the position of a species. Molecular
identification using CO1 gene as a genetic barcode has been
accepted universally (Herbert et al 2003). Saini and Chandra
(2019) observed that, the Indian subcontinent is estimated to
have a diverse bee fauna, including over 766 species divided
into 71 genera and six families, although the actual figure
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may be much higher. Pakrashi et al (2020) conducted a
survey of Himalayan bee fauna and molecular
characterization showed huge diversity of bees in the Indian
Himalayas. Out of the 156 bee species collected through
extensive surveys, the bees belonging to the four major
families were reported viz., Apidae (40 species), Halticidae
(five species), Megachilidae (nine species), and Melittidae

Fig. 2. Multiple
(SNPs)
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sequence alignment of four species of Apis for analyzing the variation in single nucleotide polymorphism

- AATATTTATTTTTAACTTTCTGATGC TGGAAT TAATGGATACAACAACTATTCTAT
CCCATGGTATTAATTCTAGCTTTATGATCTGGGAATACTAGGGATCATCAATGAAGAC-T
- - - -AAATATATTTATTAGCTTTATGAT -CAGGAAT - -ATTAGGCTCATCAATAAGGT-T
- -AAATTATCTTTTTAGCATTATGATCAGGAATA - -ATCGGGATCATCAATAAGTT-T

GTTTATTTAAATATGAATTATCATCAACCAGGGATCCTCGAATTTTTATGGGAAATCATC
TATTATTCGA - - -ATAGAATTAAGATCCCCAGGATCATGAAT TAACAATGATCAAATTTA
GATTGTTCGC - - -ATAGAATTAAGATCCCCCGGTTCATGAATTAATAATGATCAAATTTA
TATTATTCGA - - -ATAGAATTAAGCTCTCCAGGT TCATGAAT TAATAATGATCAAATTTA
TATTACATAATGTACAGGTCACACCTCTTGCTTAAATTATGGTTTTTTTTTACCATTTTC
TAATACAATTGTTACTAGTCATGCATTCCTAATAATTTTITTITTATAGTTATACCATTTIT
TAATACAGTTGTAACAAGACATGCATTCCTAATAATTTTITTITTATAGTTATACCATTCCT
TAATACAATTGTCACTAGCCATGCATTTCTAATAATTTTTTTTATAGTAATACCATTTTT
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(one species) which are widely distributed all over the
Himalayas.

Saini et al (2019) discovered a new species of wild bee
(Melitta indica) (Hymenoptera: Melittidae) from North
Western Himalayan region of Uttarakhand through molecular
characterization and DNA barcoding methods that has
sparked the importance of molecular techniques in
understanding the bees species delimitation in several areas
of the world (Smith et al 2008; Butcher et al 2012). Through
morphological Characterization it is difficult to identify a
specimen (Gibbs 2009, Rehan and Sheffield 2011 and
Williams et al 2012), appropriate identification of the
specimens up to species level (Schmidt et al 2015), clarifying
level of speciation of various species associated with various
taxonomic levels (Trunz et al 2016 and Oh et al. 2013),
association of sexes in dimorphic species classification
(Gibbs 2009 and Sheffield et al 2009), cryptic species
detection (Packer and Taylor 1997) and determining the
evolutionary relationship and genetic distances among the
targeted insect species (Kekkonen and Hebert 2014).
Besides the above-highlighted applications molecular
techniques, these support taxonomists in integrative

D Apis cerena Indica COI-Almora 1
B Apis mellifera-COl-Almora 1

M Apis florea-COl-Almora 1

B Apis dorsata-COIl-Almora 1

45.00
40.00
35.00
30.00
25.00
20.00
15.00
10.00

5.00

0.00

T(U) C A G

Fig. 3. Average nucleotide frequency among the four species
of Apis
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taxonomy to decode the biological diversity of the given
region (Dayrat 2005). Globally, nine species have been
commonly recognized under the genus Apis, including A.
andreniformis, A. cerana, A. dorsata, A. florea, A.
koschevnikovi, A. laboriosa, A. mellifera, A. nigrocincta and
A. nuluensis (Koeniger et al 2011). Based on recent studies,
the origin of Apis spp. has been predicted from tropical
regions, and of all the honey bee species including A.
mellifera and A. cerana have spread northward into the
temperate zone, explaining their large scale role in
agriculture (Ji 2021). Using molecular techniques to predict
the phylogenetic similarity with the help of mitochondrial
genes, strongly supported the basic topology that these
groups of honeybee species belong to three main clusters:
giant bees (A. dorsata and A. laboriosa), dwarf bees (A.
andreniformis and A. florea) and cavity-nesting bees (A.
mellifera, A. cerana, A. koschevnikovi, A. nuluensis and A.
nigrocincta) (Koeniger etal., 2011 and Ji 2021).

In present study investigated the genetic diversity and
population structure among the honeybee populations in
North western Himalayan region. In our study,
characterization of four Apis sp., three native to India viz., A.
cerana, A. florea and A. dorsata and one introduced i.e., A.
mellifera utilizing molecular techniques like DNA barcoding
and phylogenetic analysis with the closely related Apis
species obtained from NCBI data base were carried out. The
phylogenetic hierarchy of the Apis species from
Northwestern Himalayas and closely related sequences
obtained form NCBI form four separate cluster in the
maximum likelihood tree. All the sequences fall into
respective groups, which are in agreement with Arias and
Sheppard (2005). The result highlighted that A. cerana
voucher Almora show close resemblance with Apis cerana
species from India, China and USA. Similarly A. mellifera

Na Cys  Asp  Glu Phe Gly His lle Ly Leu

1 Apis cerena Indica COI-Almora
1
1 Apis mellifera-COI-Almora 1
T,
* "_ Apis florea-COl-Almora 1

&
2 +* 1 Apis dorsata-COl-Amora 1

Met Asn Pro GIn Ag  Ser Thr  Val Trp  Tyr

Fig. 4. Variation in amino acid composition of four Apis species native to North Western Himalayas
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show resemblance with species from USA, Bangladesh,
China, Japan and Russia. This genetic variation in
mitochondrial COl represent that this gene has high average
genetic diversity. Similar results were obtained by Ballard
and Whitlock (2004). Oldroyd et al (2006) suggested that
mitochondrial COIl genes are well suited for the
characterization of phylogenetic divergence within species.
Meixner et al (2013) revealed that this method is effective in
inferring bee identification and evolution of subspecies.
Packer and Ruz (2017) and Kevan and Packer (2009)
suggested that COX 1 genes are the commonly used
universal genes for the identification of honey bee species
worldwide. Ozdil and Ilhan (2012) also followed DNA
barcoding technique for characterizing honey bee
subspecies in Turkey. The transition/transversion (Ts/Tv)
ratio is instrumental in inferring the direction and magnitude
of natural selection. The Ts/Tv value of 0.61 suggests that
there is insignificant neutral selection in honeybees of north
western Himalayan region of Uttarakhand. The ratio of more
than 1, implies a positive or Darwinian selection; whereas the
ratio less than 1, implies purifying selection and a ratio of one
indicates neutral (i.e., no) selection (Chalapathy et al 2014).
However the positive and purifying selection at different
points within the gene or at different times along its evolution
may cancel each other out giving an average value that may
be lower, equal or higher. Thus, it could be inferred that the
honeybees of north western Himalayan region of
Uttarakhand might be in the verge of diversification.
Moreover, the exact transition rate (43.5%) and transversion
rate (56.5%) suggests no significant alteration representing
frequent migration, mutations, gene flow amongst these
populations. Transitions do not contribute heavily to genetic
divergence, whereas transversion generate significant
impact on the evolution of species. The comparable values of
transitions and transversions in the current study suggest the
possible occurrence of genetic divergence over evolutionary
time scales. Chalapathy et al (2014) showed similar result in
the honey bees from Karnataka, India. Like Willis etal (1992),
suggested honeybees are AT biased and the mean number
of A+ T and C+G satisfied of the findings is in the ratio of
approximately (73.49:26.51) 3:1 respectively. Willis et al
(1992) additionally discussed that AT rich sequence may be
the result of numerous factors including small effective
population size, selection drift, and mitochondrial
polymerase inefficiency. Historical sign suggest rapid
changes in the morphology of Apis and these rapid changes
are predicted between upper Eocene and Oligocene
approximately 10 million years ago (Culliney 1983). The A+T
bias pointed out for various codons has been elucidated
either as a mutational practice favouring the buildup of those
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nucleotides or the result of an ineffective repair system
(Chalapathy etal 2014).

CONCLUSION

The comparative analysis of honey bee populations was
carried out, taking into account the residual phylogenetic
relationships. As the Indian Himalayas are undisturbed as
well as unexplored ecosystems on the earth where
biodiversity has not been studied comprehensively due the
hilly location where taking up survey is very much difficult.
Our investigation not only forms the point of commencement
for study of bee faunain Indian Himalayas, but also opens the
doors of opportunities to discover the faunal diversity of the
Himalayas.
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