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ABSTRACT: Molecular variation and phylogenetic relationship of Bombus haemorrhoidalis Smith
1852 was studied using partial cytochrome oxidase I (COI) and cytochrome b (cyt b) sequences of
mitochondrial genome. The COI and cyt b sequences were compared with available sequences of B.
haemorrhoidalis and other Bombus species belonging to different subgenera to avail divergence
within and between species. The BLASTn analysis of obtained COI sequence had cent percent
identity to a hymenopteran species BOLD deposit AAC6447 (MAHYM005-10.COI-5P) which is a
Bombus species from Pakistan. Both these species formed a separate cluster amongst the tested B.
haemorrhoidalis species in phylogeny with pair wise genetic distance of 0.003. Moreover, the minimum
evolution tree between the species revealed B. haemorrhoidalis is phylogenetically close with B.
funerarius and the pair wise genetic distance between these two species was 0.102. Interestingly, B.
haemorrhoidalis and B. funerarius formed separate minor cluster amongst the Bombus species
tested for phylogeny. Additionally, both COI and cyt b genes were A+T biased and showed single
nucleotide polymorphisms between and within species. The phylogenetic relationship of COI
sequences also revealed single species status of B. haemorrhoidalis in the Indian Himalayan region
and was evolutionarily associated with B. funerarius which is an another species in subgenera,
Orientalibombus. The phylogeny of cyt b sequences showed that the B. haemorrhoidalis is
evolutionarily close to pennsylvanicus group species. The study illustrates a complex genetic variation
coupled with highly structured evolutionary divergences between and within species and provides
the first report of cyt b sequence of B. haemorrhoidalis.
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INTRODUCTION

The members of family Apidae (Hymenoptera) are
a highly divergent group of social, eusocial and semi
social insects including bumble bees, euglossines

(orcid bees), honeybees, stingless bees (Melipona)
contributing to majority of worlds pollination
services. Bumble bees are considered as versatile
pollinators due to their more working hours and buzz
pollination of crops (Chauhan et al., 2016). Other
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important attributes like short flight range, cold
hardiness and high elevation adaptation make them
important pollinators of wild and agricultural
flowering plants and crops with both ecological and
economic importance (Streinzer et al., 2019). In
natural plant–pollinator interaction, bumble bees are
often considered as keystone species due to
generalist pollination services, thereby assisting
plant community diversity by visiting both rare and
abundant plant species (Memmott et al., 2004;
Goulson et al., 2008; Burkle et al., 2013; Cusser
and Goodell, 2013). In some instances, bumble bees
are the only efficient pollinators and the crop
productivity is completely dependent on the
ecological services provided by these insects (Sinu
et al., 2011; Streinzer et al., 2019).

Bumble bees are highly conspicuous and abundant
in cold and temperate regions. Due to their
important ecosystem services, the group has
become an interesting target for early naturalists
and entomologists. This has led to identification of
around 260 species (Williams, 1998; updated online
at http://www.nhm.ac.uk/researchcuration/
research/ projects/bombus/ index.html). The current
global efforts on bumble bee taxonomy are targeted
towards the species distribution and subgeneric
variations (Streinzer et al., 2019). Decline in the
population of bumble bees (Cameron et al., 2011;
Bartomeus et al., 2013) might be due to climate
change, heat stress, spill-over of pathogens,
changes in agricultural practices and deforestation
(Hoiss et al., 2012; Kerr et al., 2015; Rasmont
et al., 2015; Jacobson et al., 2018).

Among the different agroecological regions of India,
the north western Himalayan region has its own
diverse fauna of bumble bees. In the mid hills of
Uttarakhand Himalayas, B. haemorrhoidalis is
one of the key bumble bee species visiting many of
the cultivated crop plants and wild plantations.
Moreover, this is the only species of pollinator found
during low temperature regimes in the region due
to their thermoregulatory ability (Corbet et al.,
1993) and actively visits the flowering plants
throughout the day.

Amongst different markers, partial sequences of
mitochondrial genes especially cytochrome oxidase

I (cox 1) and cytochrome b (cyt b) are well suited
to resolve the phylogenetic issues of a wide range
of hierarchical levels in insects (Simmons and
Weller, 2001; Bertsch et al., 2010). High mutation
rate, maternal inherence and evolutionary memory
made these two genes particularly important in any
phylogeny related studies (Simmons and Weller,
2001). Besides, DNA sequence based approaches
are independent of insect developmental stages but
within species variation is the only ambiguous issue
(Ahrens et al., 2007) which can also be well
documented using these mitochondrial markers. In
the present study, both cox 1 and cyt b genes from
the population of B. haemorrhoidalis native to
Uttarakhand Himalayas, India were amplified. The
sequence variation in these two genes was used to
establish the genetic divergence and phylogenetic
relationship with other Bombus species.

MATERIALS  AND  METHODS

Test insects: Specimens of  B. haemorrhoidalis
for a phylogenetic study were collected during
March to December 2020 from toad flax (Linaria
vulgaris) and ornamental poppy (Papaver
orientale) in the premises of agricultural fields of
the Vivekananda Hill Agriculture Institute, farm of
ICAR-Vivekananda Parvatiya Krishi Anusandhan
Sansthan, Almora located at 29°372 N, 79°402 E
with an altitude of 1310 msl in Uttarakhand state
of North Western (NW) Himalayan Region, India

DNA extraction: Henry et al. (1990) method was
followed for the extraction of genomic DNA. The
legs of the target specimens were ground in the
liquid nitrogen in micro-centrifuge tube with the help
of blunted tip of the pipette. Sample obtained were
washed with TENT buffer (10 mM Tris- Cl (pH
7.4), 5 mM EDTA, 10 mMNaCl, 0.5 per cent Triton
X-100). Sample were centrifuged for 10 min at
10000 rpm, pellet was suspended in TEN buffer
(TENT without Triton X-100) comprising 1 per cent
sodium dodecyl sulphate and 1 mg/ml of proteinase
K. After incubation at 37 ° C for 4 h, 1/10 th volume
of 5 M NaCl were added and thoroughly mixed.
The genomic DNA was extracted twice from
phenol/chloroform, isopropanol was used to
precipitate DNA and obtained DNA was suspended
in 100 l of TE buffer. RNA residues were removed
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by incubation with DNase-free RNase A for 1 h at
37oC. To visualize intact genomic DNA 0.8 per cent
agarose gel was used and the genomic DNA was
diluted to get working solution of 20–25 ng/l.

PCR protocol: PCR reaction mix was as follows:
50 ng of DNA template, 200nM of dNTPs, 1mM
of each primer (Table 1), 2.5 units of Taq DNA
polymerase and 5µl of PCR reaction buffer to make
a final volume of 50 l.  Entire reactions were
performed in the thermal cycler (Biorad) with an
initial 5 min denaturation step at 92°C, accompanied
by 35 amplification cycles consisting of 1 min
denaturation at 92°C, 45 s annealing at 48°C and 2
min extension at 72°C with an additional final 10
min extension step at 72oC. The amplification
was visualized and confirmed in the gel
documentation system (Alpha Image Analyzer,
Alpha Innotech Corporation) by 1 per cent agarose-
EtBr gel electrophoresis of 10l PCR product.
Negative PCR controls were carried out to reduce
cross-contamination.

Sequencing and data analysis: The amplified
products of the particular gene were purified through
gel elution columns (Sigma), sequenced directly on
an automated DNA sequencer (ABI 377) with the
help of the Big Dye terminator kit (Applied
Biosystems) as per manufacturer’s guidelines.
Nucleotide sequences were aligned with the Clustal
Omega (1.2.1) multiple sequence alignment
(McWilliam et al., 2013) and phylogenetic and
molecular evolutionary analyses were done utilizing
the software MEGAX (Molecular Evolutionary
Genetic Analysis version 4) (Kumar et al., 2018).
The phylogenetic trees were constructed by the
neighbor-joining method (Saitou and Nei, 1987)
utilizing the distance matrix from the alignment. The
nucleotide sequences were also converted into
amino acid sequences with the help of invertebrate
mitochondrial genetic code (Gasteiger et al., 2003)
and were aligned using Clustal omega software
(McWilliam et al., 2013). NCBI accession numbers
of other sequences COI and cyt b of B.
haemorrhoidalis, Bombus species were presented
along with results. The obtained sequences of COI
and cyt b were submitted to NCBI Gene Bank
nucleotide sequence databases (accession number
ON073847).

RESULTS  AND  DISCUSSION

The BLASTn analysis of obtained COI sequence
had cent percent identity to a hymenopteran species
BOLD deposit AAC6447 (MAHYM005-10.COI-
5P) which is a Bombus species from Pakistan. Both
these species formed a separate cluster amongst
the tested B. haemorrhoidalis species for
phylogeny (Fig. 1) with Pair wise genetic distance
of 0.003 (Table 2). As the entire mitochondrial DNA
sequence was used for the construction of
phylogeny, the Cox I and cyt b region proves to be
highly conserved region, through which 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 B. haemorrhoidalis species native to Indian
Himalayas formed separate group with
hymenopteran species BOLD deposit AAC6447
(MAHYM005-10.COI-5P)  in the maximum
likelihood evolution tree. The node support estimated
using 1000 bootstrap pseudo-replicates, showed that
these species evolved together as they showed 99%
node value.

However, the intra-species diversity (n=10) in 683
bp nucleotide sequence region of Cox1 was
manifested in the form of 11 single nucleotide
polymorphism (SNPs) by utilizing CLUSTAL
Omega (1.2.4) multiple sequence alignment
software (Supplementary Fig. 1 and 2). The mean
number nucleotide frequency amongst the B.
haemorrhoidalis was also examined and it was
observed that the COI sequences were usually A+T
biased with the concentration of A+T exceeding
76.95%, while the concentration of G+C was well
below 23.05% in which the concentration of
thymine was highest (42.15%). The average
nucleotide frequencies in B. haemorrhoidalis are
34.80 (A), 42.15 (T), 12.83 (C), and 10.23 per cent
(G). Besides, the transition/transversion rate ratios
are k1 = 6.526 (purines) and k2 = 2.026
(pyrimidines). The overall transition/transversion
bias is R = 1.381, where R = [A*G*k1 +T*C*k2]/
[(A+G) *(T+C)]. MCL estimate of nucleotide
substitutions also showed maximum base substitution
as A to G and vice versa with a value of 37.52
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Table 1. Primers used in the study

Gene Primer Sequence (5'-3') Reference

Cytb cb1 52 -TATGTACTACCATGAGGACAAATATC-32 Schwarz et al. (2003)

cb2 52 -ATTACACCTCCTAATTTATTAGGAAT-32

COI C1-J-2195 TTGATTTTTTGGTCATCCAGAAGT Simon et al. (1994)

AAMT3038R TCCATTGCACTAATCTGCCATATTAG Muraji et al. (2008)

Table 2. Pair wise genetic distance for partial COI gene sequences of B. haemorrhoidalis isolates with B. funerarius

Species 1 2 3 4 5 6 7 8 9 10

1. B. haemorrhoidalis Almora

2. JF865997 Hymenoptera sp.
BOLD:AAC6447 0.003

3. MF582625 B. haemorrhoidalis
DPK-B02 0.014 0.011

4. MF582610 B. haemorrhoidalis
DT-B01 0.014 0.011 0.000

5. MF582604 B. haemorrhoidalis
DAK-B12 0.014 0.011 0.000 0.000

6. MF582600 B. haemorrhoidalis
DMNg-B11 0.014 0.011 0.000 0.000 0.000

7. MF582607 B. haemorrhoidalis
DAK-B10 0.015 0.012 0.002 0.002 0.002 0.002

8. MF582592 B. haemorrhoidalis
DS1-B41 0.015 0.012 0.002 0.002 0.002 0.002 0.003

9. KT334307 B. haemorrhoidalis
voucher 4746F01 0.015 0.012 0.002 0.002 0.002 0.002 0.000 0.003

10. MF582621 B. haemorrhoidalis
DI2-B03 0.017 0.014 0.003 0.003 0.003 0.003 0.005 0.002 0.005

11. MT906010 B. funerarius 0.102 0.097 0.094 0.094 0.094 0.094 0.096 0.096 0.096 0.097

Table 3.  Maximum composite likelihood estimate of the
pattern of nucleotide substitution in COI sequences of
ten (as given in phylogeny tree) B. haemorrhoidalis
species

 A T C G

A - 6.96 2.12 11.03

T 5.75 - 4.29 1.69

C 5.75 14.11 - 1.69

G 37.52 6.96 2.12 -

Rates of transitional substitutions were shown in bold and those
of transversional substitutions in italics

(Table 3). The minimum evolution tree between the
species revealed B. haemorrhoidalis is
phylogenetically close with B. funerarius. The pair
wise genetic distance between these two species
was 0.102 (Table 2). Interestingly,
B. haemorrhoidalis and B. funerarius formed
separate minor cluster amongst the Bombus species
tested for phylogeny.

The sequenced 449 bp region of cyt b of
B. haemorrhoidalis spans between 436 to 884 bp
region of total cyt b sequence (1151 bp) of
A. mellifera. The NCBI blast search of the
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Fig. 1 ME tree with bootstrap support showing clustering of different species of Bombus
(starts with accession numbers) constructed using partial COI sequences

Phylogeny of Indian Bombus haemorrhoidalis Smith 1852

RUNNING TITLE:

KP671683 Bombus anachoreta

KJ836788 Bombus humillis

GU705935 Bombus ruderarius

KJ836788 Bombus pascuorum

KJ837772 Bombus sylvarum

MF361631 Bombus opulentus
MF361629 Bombus schrencki

GU085212 Bombus pseudobaicalensis

MG309775 Bombus laesus

MG309767 Bombus persicus

MG309780 Bombus mucidus

MG279442 Bombus weisi

KR895885 Bombus fervidus
MG279450 Bombus sonorus

MG279447 Bombus pensylvanicus
HQ563805 Bombus mesomelas

MK530684 Bombus pyrrhopygus

GU085202 Bombus lucorum

MK994732 Bombus morio
KX821100 Bombus dahlbomii

GUO85211 Bombus melanurus

KJ837619 Bombus subterraneus

KR8959989 Bombus appositusKR895989 Bombus appositus

JN293699 Bombus borealis

MT906010 Bombus funerarius

JF865997 Hymenoptera sp. BOLD:AAC6447

Bombus haemorrhoidalis Almora
MF582621 Bombus haemorrhoidalis isolate D12-B03

MF582592 Bombus haemorrhoidalis isolate DS1-B41
MF582607 Bombus haemorrhoidalis isolate DAK-B10
KT334307 Bombus haemorrhoidalis voucher 4746F01

MF582625 Bombus haemorrhoidalis isolate 4746F01

MF582610 Bombus haemorrhoidalis isolate DT-B01

MF582604 Bombus haemorrhoidalis isolate DAK-B12
MF582600 Bombus haemorrhoidalis isolate DMNg-B11

NC051932 Apis mellifera
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Fig. 2.ME tree with bootstrap support showing clustering of different species of Bombus
(starts with accession numbers) constructed using partial cyt b sequences

sequence revealed no submissions of cyt b
sequence for B. haemorrhoidalis so the study
submits the first ever sequence of the species to
NCBI (Accession No. ON073847). However, other
Bombus species cyt b sequences are available for
the sequenced region and were used in phylogeny
construction and further analysis. The BLASTn
search of the cyt b sequence revealed a proximal
cyt b-like sequence of B. fragrans (88.99 percent
identity) and other Bombus species. However, these
sequences have double and triple nucleotide
insertions and so are not included in phylogeny.
Minimum evolution phylogeny tree constructed

using 19 cyt b sequences of Bombus species clearly
differentiated two sub groups where
B. haemorrhoidalis was in evolutionary
association with other seven species (Fig. 2).
Interestingly, B. shaposhnikovi formed a separate
clade. Pairwise genetic distance analysis of these
eight species (including B. haemorrhoidalis)
showed B. haemorrhoidalis is closely related with
B. pennsylvanicus with 0.121 (Table 4). The mean
number nucleotide frequency amongst the
B. haemorrhoidalis was also examined and it was
observed that the cyt b sequences were usually
A+T biased with the concentration of A+T

Sunaullah Bhat et al.

KC915638 Bombus sichelii

KC915479 Bombus lapidarius

KC915396 Bombus alagesianus

KC915397 Bombus incertus

AF281169 Bombus impatiens

AF498398 Bombus ignitus

JQ820819 Bombus sporadicus

JQ820705 Bombus bohemicus

JQ820880 Bombus vestalis

JQ820754 Bombus perezi

JQ820880 Bombus vestalis

Bombus haemorrhoidalis Almora

KY030476 Bombus morio

AF017517 Bombus humilis

KJ849027 Bombus brevivillus

AF181611 Bombus pennsylvanicus

KJ849091 Bombus transversalis

KY030697 Bombus pauloensis

KJ849066 Bombus brasiliensis

JQ820817 Bombus shaposhnikovi

NC051932 Apis mellifera
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exceeding 80.24 per cent, while the concentration
of G+C was well below 19.76 per cent in which
the concentration of thymine/uracil was highest
(44.19%). MCL estimate nucleotide substitutions
of these eight sequences showed nucleotide
frequencies of 36.05 per cent (A), 44.19 per cent
(T/U), 12.54 per cent (C), and 7.21 per cent (G),
respectively. Amongst the species maximum base
substitution was observed between C to T and vice
versa with 26.06 (Table 5).

The genus Bombus comprises 250 known species
under 38 subgenera with distribution all over the
world (Cameron et al., 2007) which was reviewed
and reduced to 15 subgenera by Williams et al.
(2008) (https://www.nhm.ac.uk/researchcuration/
research/projects/bombus/ groups.html).  Besides,

they are highly vulnerable species to climate change
and continents like Europe, North America, and Asia
are already experiencing decline in bumble bee
population (Williams and Osborne 2009). India is
home for around 48 species of bumble bees out of
which 37 species are recorded from North West
Himalayas (Saini et al., 2012) and 21 species from
Arunachal Pradesh (Streinzer et al., 2019). The
distribution of these species spanning from an
altitude of 230-2990 m. Keeping in view of the
ecological and economic importance of the genus
Bombus, both biological and molecular studies are
important for their conservation and successful
utilization as pollinators.

In the study area, the Uttarakhand Himalayas,
B. haemorrhoidalis is distributed bumble bee found
all over the flowering crop plants. The species
belongs to subgenus Orientalibombus Richards
which also contains B. braccatus and
B. funerarius (https://www.nhm.ac.uk/research
c u r a t i o n / r e s e a r c h / p r o j e c t s / b o m b u s /
or.html#haemorrhoidals). The COI based
phylogenetic tree clearly differentiated both
B. haemorrhoidalis and B. funerarius into a
separate clade. This is in agreement with the
phylogeny study by Cameron et al.  (2007) and
also confirms the COI based identity of
B. haemorrhoidalis from Uttarakhand Himalayas.
The high bootstrap values also support the single

Table 4. Pair wise genetic distance for partial cyt b gene sequences of Bombus species

S. No &Species 1 2 3 4 5 6 7 8 9

1: B. haemorrhoidalis Almora

2: AF181611 B. pennsylvanicus 0.121

3: KJ849091 B. transversalis 0.130 0.050

4: KJ848955 B. pauloensis 0.139 0.050 0.057

5: KJ849066 B. brasiliensis 0.142 0.047 0.052 0.062

6:  KJ849027 B. brevivillus 0.148 0.053 0.073 0.078 0.065

7: JQ820817 B. shaposhnikovi 0.157 0.110 0.117 0.135 0.132 0.123

8: AF017517 B. humilis 0.143 0.066 0.079 0.094 0.088 0.091 0.138

9: KY030476 B. morio 0.172 0.118 0.114 0.121 0.130 0.127 0.132 0.139

The number of base substitutions per site from between sequences is shown. Analyses were conducted using the Tajima-Nei model

 A T C G

A - 10.93 3.1 2.85

T 8.91 - 7.4 1.78

C 8.91 26.06 - 1.78

G 14.25 10.93 3.1 -

Table 5.  Maximum composite likelihood estimate of the
pattern of nucleotide substitution in cyt b sequences of
Bombus species

Rates of transitional substitutions were shown in bold
and those of transversional substitutions in italics

Phylogeny of Indian Bombus haemorrhoidalis Smith 1852
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species status of the populations (Subbanna et al.,
2016). The number of base substitutions per site
between these two species is around 0.1. Whereas
for the third species under the subgenus,
B. braccatus no COI sequence is available in
NCBI data base. The phylogeny with in the species
also showed significant variation with pairwise
genetic variation ranging from 0.14-0.17 which are
the geographic isolates from Thailand. The
geographic isolate from Pakistan showed pairwise
genetic variation of only 0.03. This type of
geography dependent intraspecies variations
(Streinzer et al., 2019) and body color phenotypes
are common in Bombus species (Hines and Williams
2012; Koch et al., 2018). Streinzer et al. (2019)
also reported Bombus species are one of the suitable
taxa to study potential adaptations to specific
climatic conditions at the individual and as well as
population level. De novo sequencing of genomes
of 17 species, representing all 15 subgenera of
Bombus revealed dynamically evolving gene
families in response to positive selection points
linked to foraging, diet, detoxification, immunity to
invading pathogens and adaptations to high altitudes
(Sun et al., 2021). Present study also shows an
evidence of ecological and behavioral traits driven
intraspecies variation in COI gene of
B. haemorrhoidalis.

The high rates of nucleotide substitutions in
mitochondrial genes helped molecular entomologists
to estimate phylogenetic relationships among
different species and populations of single species
(e.g. Hebert et al., 2003; Pons et al., 2004; Havill
et al., 2007). Clustal comparison of cyt b sequences
between the species showed variation as SNPs and
unequal nucleotide frequencies. In general, all the
sequences of the species are rich in AT region. Due
to unavailability of cyt b region of different species
in NCBI data, a phylogeny was prepared using
available ones. The cyt b derived phylogenetic tree
showed evolutionary association of
B. haemorrhoidalis (belongs to Orientalibombus
group) species with Morio (B. morio), Muscorum
(B. humilis) and Pennsylvanicus group
(B. pennsylvanicus, B. pauloensis, B. transversalis
and B. brasiliensis) of Bombus species. The
pairwise genetic distance using Tajima-Nei model

also showed B. haemorrhoidalis was close to
pennsylvanicus group species with an average
value of 0.136. However, this grouping can’t be
considered as appropriate due to the use of limited
available. Studies also reported that
mitochondrial cyt b sequences also provide an
accurate, rapid, and economic technique for
separation of various insect pests in different orders
(Jermiin and Crozier, 1994; Simmons and Weller,
2001) and found to have the same level of sequence
variation and AT bias as COI (Simmons and Weller,
2001).

The phylogenetic analysis reported in the study is
first of its kind with respect to B. haemorrhoidalis
and will serve as stimulus for the Bombus
community to initiate a more thorough evolutionary
study to fill the currently existing gaps on
conservation and threats of Indian bumble bees.
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