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ABSTRACT : To study the adaptability and the genetic diversity in Apis species, the molecular analyses play vital role for
which good quality/ quantity of DNA is an important component. Here we describe a simple and efficient method for isolating
quality genomic DNA from different body parts of Apis species through modifying the previous protocols. Alteration was
made in the extraction buffer (100 mM Tris-HCl, pH 8.0, containing 2% Cetyltrimethylammonium bromide (CTAB), 1.5 M
NaCl, 10 mM Ethylenediaminetetraacetic acid (EDTA) and 2% â-mercaptoethanol added after grinding) and the developed
protocol was successfully tested on two different species, A. cerana and A. florea. DNA isolated from thorax yielded good
quality DNA compared to other body parts that was further validated using microsatellite markers.
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understa nd the population ge netic divers ity. For
conducting such studies the quality and quantity of DNA
is an important component; hence an efficient protocol
has to be followed (Ji et al., 2011 & Waldschmidt et al.,
1997). Though DNA extraction protocols were developed
for Apis spp. information is lacking in respect of DNA
quality/yield from different body parts.

INTRODUCTION
Honey bees are one of the most important pollinator
groups which pollinate 16% of flowering plant species
in the world and nearly 400 species of agricultural plants
(Crane and Walker, 1984). There are about 19,000
described species of bees in the world (Linsley, 1958).
India isendowed with the greatest biodiversity as for as
honey bees are concerned and is home to five species
na me ly, Apis cer ana, A. florea, A. dors ata, A.
andreniformis and A. laboriosa (Thakur, 2012). There
are four honey bee species which are widely used as
pollinators viz., Apis mellifera, A. dorsata, A. cerana and
A. florea (Merti, 2003). Thus, individual foraging
behaviour of a pollinator species and their population
diversity in an area affects pollination efficiency and
hence crop yield. Knowledge of these patterns is essential
in any decision aiming at optimization of pollinator
inundative re le as es or containment me as ures .
Nevertheless, honey bees have bee n living under
dissimilar geographical and environmental conditions and
subjected to certain changes at molecular level, leading
to adaptation to the specific environment. To study the
adaptability and their genetic diversity, molecular analysis
plays a vital role. These molecular studies help to
unde rs ta nd the c omplex inter a nd intra -s pe cific
interactions and the demographic population changes
through markers like RFLP, SSR’s and others. In case
of honey bees, these markers were used extensively to

Extraction of DNA was done in different countries
from different Apis species like stingless bee in Brazil
(Waldschmidt et al., 1997), A. cerana in Philippines (Rua
et al., 2000), A. mellifera in UK (Châline et al., 2004)
and Apis spp. (single bee) based on phenol-chloroform
method (Sheppard & McPheron, 1991). Attempts were
also made to isolate DNA from wings, exuviae also in
an attempt to develop a non-lethal sampling (Châline, et
al., 2004). The present study was aimed at developing
a protocol for obtaining high quality yield of DNA from
A. cerana and A. florea with particular reference to
different body parts. Thus, the objective of the study is
to see whether DNA extracted from different body parts
of honey bees show any differential yield and purity of
DNA.

MATERIALS AND METHODS
Insects
Adult worker bees of two honey bee species Apis
cerana and A. florea were collected from the strong
apiary located at Indian Institute of Hortic ultural
Research, Bengaluru (13° 13' N and 77° 49' E) through
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DNA quantification
The DNA isolated from different body parts were
quantified using spectrophotometer and qualified using
agarose gel electrophoresis. Absorbance at 230nm,
260nm and 280nm were measured and the following
formula used to determine the DNA concentration
(concentration of pure double-stranded DNA with an
A260 of 1.0 is 50 mg/ml).

sweep net sampling method. The collected samples were
preserved in 70% ethanol and used for the DNA
extraction.

Sample preparation
Three different methods such as, H.P. method (as
described by Hunt and Page, 1992 for Apis spp.),
Waldschmidt method (as per Waldschmidt et al., 1997
for stingless bee), CTAB method (Modified method in
combination of H.P. and Waldschmidt) were tested.
Different body parts of honey bee used for DNA
extraction were head, thorax, abdomen and wings. All
body parts were used singly, except wings for which 8
pairs were used.

Unknown (mg/ml)/ Measured A260 = 50 (mg/ml)
/ 1.0 A260
Purity was calculated by the absorbance ratios,
A260/A280 and A260/A230 for proteins and polyphenols/
polysaccharide compounds, respectively (Kamala Jayanthi
et al., 2012). Quality was checked by electrophoresis
of 5µl of the isolated DNA in 0.8% agarose gel and bands
were visualized under UV transmitter (SYNGENE,
G:Box) (Fig. 1).

DNA extraction
Three methods tested for DNA extraction utilized
different concentrations of specific components of the
extraction buffer which are presented below. In H.P.
method: The extraction buffer contained 100 mM TrisHCl, pH 8.0, with 2% CTAB (hexadecyl trimethyl
ammonium bromide), 1.4 M NaCl, 20 mM EDTA and
100µg/ml proteinase K. In Waldschmidt method, the
extraction buffer contained 50 mM Tris-HCl, pH 8.0,
with 2% SDS (sodium dodecyl sulphate), 0.75 M NaCl,
10 mM EDTA and 100µg/ml proteinase K. In CTAB
method, the extraction buffer contained 100 mM TrisHCl, pH 8.0, along with 2% CTAB, 1.5 M NaCl, 10 mM
EDTA and 2% â-mercaptoethanol (added freshly before
grinding the sample).

F ig. 1. DNA isolated by H.P. method (A. cerana),
Waldschmidt method (A. cerana) and CTAB method (A.
cerana and A. florea respectively), (H – Head, T – Thorax,
A – Abdomen, WB – Whole body and W – Wing).

Different body parts of bee samples used in the
study (head, thorax, abdomen and wings) were ground
finely by using mortar pestle and adding liquid N2 as well
as extraction buffer. The samples were then incubated
at 60oC for 1 hour and deproteinized with equal volumes
of phenol: chloroform (1:1), followed by centrifugation
at 11,100 rpm for 10 mins. Further, samples were
deproteinized with equal volumes of chloroform:
isoamylalcohol (24:1) at 11,100 rpm for 10 mins. Nucleic
acid was precipitated by addition of equal volume of ice
cold absolute alcohol with 5µl of 3M sodium acetate and
incubated at -20oC for 1 hour. After centrifugation at
12,000 rpm for 15 min, the pellets were washed twice
with 70% (v/v) ethanol and allowed to air dry. The pellet
was resuspended in 100 µl TE buffer (10 mM Tris HCl,
pH 8.0, 1 mM EDTA) and incubated with RNAse A (100
µg/ml) for 1 hour at 37oC. The integrity and purity of
the DNA samples were checked by adding 5 µl on 0.8%
(w/v) agarose mini-gels and quantified (Table 1) using
Spectrophotometer (Thermo Scientific- JH Bio).
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PCR amplification
The quality of isolated DNA from four different
colonies of A. cerana at IIHR was further validated using
four microsatellite markers AS45, AS46, AS10 and AS60
that were generated from the A. mellifera genome
sequences (Table 2, Fig. 2). Standard PCR reaction
mixture (15µl) contained 2µl of 10X buffer, 0.5µl MgCl2
(50mM; 3B Black Biotech Pvt. Ltd.), 0.5µl dNTPs
(10mM; Amnion Pvt. Ltd, India), 1µl primer (10pmol;
Bio-serve Pvt. Ltd, India), 2µl template DNA (25ng),
8.8µl DEPC treated water and 0.2µl Taq DNA Polymerase
(5U/µl; 3B Black Biotech Pvt. Ltd.). The PCR cycle
conditions for the above microsatellite markers are as
follows. Initial denaturation at 94°C for 4 min., followed
by 35 cycles of 1 min. at 94°C for denaturation, 1 min.
at 52°C annealing temperature (varies for different SSR
primers) and 1 min. at 72°C for extension, followed by
final extension 10 min. at 72°C in Eppendorf Mastercycler
pro S. Bright and specific bands up to two alleles were
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DNA extractions of honey bees
Table 1. DNA sample concentration of A. cerana and A. florea from different body parts of honeybee.
Sample

Apis cerana

Apis florea

DNA
concentration
(ng/µl)

A260/A280
(O.D.)

DNA
concentration
(ng/µl)

A260/A280
(O.D.)

Head

960

1.78

822

1.71

Thorax

973

1.82

820

1.80

Abdomen

1110

1.93

1020

1.82

Wings

920

1.65

600

1.58

Whole bee

1715

2.03

1260

1.87

Table 2. Details of SSR primers used for validation of isolated DNA from thorax of A. cerana.
Primer

Repeat

No. of
repeats

Forward primer

Reverse primer

AT*
(°C)

P roduct
(bp)

AS45

TACA

5

CCGTTATACCCG
CAACATTC

CCCAGATCGGAAG
ATGTGTT

55

166-172

AS46

TTAT

3

CGCAATTCCTAT
GTGCATGT

CGACGAGTGGTTG
ATCAATTT

55

206-216

AS10

TA

22

CGACGACACTGA
AAATGTGG

CGTCCCGAAAAGT
CTCTCAC

54

317-366
400-430

AS60

AATT

3

GCAGTTAGGTGG
GACCAAAA

TGATTCGTCATCGT
CCTTGA

54

152-160

*AT: Annealing temperature

amplified using above mentioned protocol in different
body parts (Fig. 2).

body samples were weighed using precision balance (A.
cerana: Head-2.04mg, thorax-14mg, abdomen-14.88mg
and wings-1.25mg and A. florea: Head-1.48mg, thorax5.14mg, abdomen-7.88 and wings -0.59mg). From H.P.
method, there were no yields of DNA and Waldschmidt
method yielded low quantity of DNA which is not
sufficient for molecular studies. However, alteration of
extraction buffer composition in CTAB method yielded
enough DNA from different body parts of A. cerana (Fig.
1 CTAB method) and A. florea (Fig. 1 CTAB method)
that was evident through intact bands. Hence, CTAB
method was better for DNA extraction from Apis spp.
compared to other methods.

RESULTS AND DISCUSSION
Quantitative and qualitative difference s were
observed in isolated DNA samples following the three
different methods and body parts (Fig. 1 & Table 1). The

Further, though the sample quantities taken for DNA
extraction were <15 mg, all samples yielded good quality
DNA sufficiently. Hence CTAB method is efficient and
easier method when compared to chelex100 (Walsh et
al., 1991) and other commercial kit methods which are
costly and yields less DNA (DNA is sufficient for only
few PCR reactions compare to CTAB method).

Fig. 2. PCR amplification of different population of A.
cerana using microsatellite markers (L1 - 100bp ladder,
Amplification of AS45 primer: 2-5, AS 46 primer: 6-9,
AS10 primer: 10-13 and AS60 primer: 14-17).
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Among different body parts used, large quantity of
DNA (1715ng) was isolated from whole bee samples,
followed by abdomen (1110ng), thorax (973ng), head
(960ng) and wings (920ng). Nevertheless, the DNA
from whole body and abdomen always suffers chance
of cross contamination from associated symbionts and
pollen when universal markers are used. The DNA
isolated from wings showed lower optical density (O.D.)
value when compared to other parts (Châline, et al.,
2004). Similarly, head also yielded low DNA quantity
960ng and also has chance of cross contamination.
Though the DNA yield from thorax was low compared
to abdomen, purity wise good with OD range considered
to be good quality (Clark and Christopher, 2001). Further,
DNA isolated from thorax will be free from associated
symbionts and other contaminating sources like pollen
(Raffiudin et al., 2009, Gregory & Rinderer, 2004) can
be fit for PCR amplification.
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