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Abstract 
Invertebrates host numerous bacteria with 
interactions ranging from pathogenesis to symbiosis. 
Wolbachia is a ubiquitous, maternally inherited α-
proteobacterium that causes a wide range of 
reproductive abnormalities in its hosts. In this paper, 
using polymerase chain reaction assay based on 
specific amplification of the 16s rRNA Wolbachia 
gene fragments, we recorded 100% infection in the 
workers of the honeybee subspecies Apis mellifera 
carnica collected at the Honeybee Research unit, 
Bremen, Germany, confirming that they are abundant 
in the workers of the honeybees screened. 
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1. Introduction 
Wolbachia is one of the most common 
cytoplasmically inherited microorganisms in 
arthropods and its effects on their hosts include 
altering sex ratio or inducing thelytoky [1-4]. 
Wolbachia have been found in numerous species of 
Hymenoptera, including parasitoids and ants [5-8]. It 
can also confer fitness benefits on its host [9], and 
increase host resistance to infection with a range of 
pathogens [10-14]. 
   At present the most common symbiotic microbe 
found to induce parthenogenesis is the bacterium 
Wolbachia pipientis. It was first identified as the 
microbe inducing parthenogenesis in parasitoid 
wasps of the genus Trichogramma [15, 16]. 
Wolbachia induces thelytoky in at least 40 species of 
Hymenoptera [4]. In general Wolbachia was thought 
to be unique in its ability to induce parthenogenesis, 

but Zchori-Fein et al. [17] found an undescribed 
vertically transmitted bacterium also associated with 
parthenogenesis.  
   Wolbachia–host interactions are complex and 
range from mutualistic to pathogenic, depending on 
the combination of host and Wolbachia species 
involved. Wolbachia alter host reproduction in order 
to enhance the transmission of this maternally 
inherited agent. The presence of Wolbachia in social 
Hymenoptera, including the Cape bee, was 
investigated by Wenseleers and Billen [18] using a 
standard PCR protocol. Jeyaprakash et al. [19] 
revealed the presence of Wolbachia in Apis mellifera 
capensis, Apis mellifera scutellata, and their hybrid in 
Southern Africa. 
   Wolbachia infection is extremely widespread, 
having been found to infect 20%–75% of invertebrate 
species sampled [8]. Although the diversity of 
bacteria in the honeybee spp. Apis mellifera capensis 
and Apis mellifera scutellata have been well 
investigated [19] in African honeybee, there is a lack 
of such investigation in the subspecies of European 
honeybee, Apis mellifera carnica of Germany.  
   The main objective was to screen for the presence 
of non pathogenic endosymbiotic bacteria Wolbachia 
in the workers of European honeybee sub species, 
Apis mellifera carnica collected from honeybee 
research unit, University of Bremen, Germany, using 
a culture-independent molecular approach.    

2. Materials and Methods 
2.1 Colony sources 

Workers of the honeybee subspecies Apis mellifera 
carnica was collected from different colonies of 
Honeybee Research Unit, University of Bremen, 
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Germany. The samples were collected in 95% 
ethanol and stored at –80℃ in deep freezer prior to 
DNA extraction. 

2.2 Dissection of bees 

The intestine consisting of midgut (ventriculus) and 
hindgut (rectum) was isolated on ice from frozen 
bees by clipping the stinger and the posterior 
segment of the abdomen with sterile forceps and 
carefully removing the intestine. Entire intestinal 
contents of adult honeybees were removed under 
sterile conditions, immediately frozen in liquid 
nitrogen, and stored at –80℃.  

2.3 DNA extraction and PCR protocols 

Total genomic DNA was extracted from the intestine 
of individual worker using Aquapure Genomic DNA 
kit (catalog number 7326343) reagents following the 
procedure suggested by the manufacturer and the 
genomic DNA was resuspended in 50 μl of sterile 
water. For PCR amplification 1 μl of genomic DNA 
was used for PCR amplification. 
   Wolbachia specific primers WOB76f and 
WOB1012r (Table 1), were used to amplify the 
Wolbachia present in the total genomic DNA, 
extracted from each of workers honeybee.  
 

Table 1. 16S rRNA Wolbachia specific primers. 
 

Name of the 
primer Sequence 

Expected 
size of 
product 

WOB76f* 5'-TTGTAGCTGCTATGGTATAACT-3' ~900bp 

WOB1012r* 5'-GAATAGGTATGATTTCATGT-3'  

 
Standard PCR was performed by a hot start method 
in a 25 μl reaction volume containing 1 μl DNA 
sample, 1 μl forward and reverse primers, 5 μl 10X 
Buffer containing 15 mM of MgCl2, 1 unit of Taq 
polymerase (Roche), and 1 μl dNTPs (10mM). 
Deionized MilliQ water was added to a final volume 
of 25 μl. The PCR reaction mix was prepared in one 
batch and then added to each sample. A sample 
containing deionized water in place of template DNA 
was included in all reactions as a negative control. 
PCR amplification was done on a Master Cycler 
Gradient (Eppendorf) under the following thermal 
profile: 95℃ for 2min @ 1 cycle, 95℃ for 30sec @ 
30 cycles, 40°C for 30sec @ 30 cycles, 73℃ for 3min 
@ 30cycles and an extension cycle of 73℃ for 1min 
@ 1cycle. 
   The amplified products were detected by running a 
1.5% agarose gel (TAE buffer) with a 1kb molecular 
weight marker .The gels were stained in ethidium 
bromide, observed under UV Transilluminator and 
then photographed (Figure. 1). 

 

 
 

Figure 1: PCR amplification of Wolbachia from the workers of honeybee sub species Apis mellifera carnica collected from 
different colonies of Honeybee research unit, Bremen, Germany. Lane 1: Molecular weight marker; Lane 2-21: Workers of 
honeybee subspecies Apis mellifera carnica collected from different colonies of Honeybee research unit, Bremen, Germany; 
Lane 22:    Negative control respectively. 
 
Clean laboratory practices, sealed pipette tips, and 
fresh reagents were used to avoid contamination. 
Negative controls (consisting of all components 
except the DNA template) were conducted on each 
date to detect potential contamination, but positive 

controls were not carried out to reduce the likelihood 
of contamination. 

2.4 DNA sequencing and Sequence deposition 

The present study was designed to develop a faster 
protocol for PCR amplification and sequencing of 
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16S rRNA gene in order to facilitate systematic 
studies. Specificity of the amplicons was further 
verified by sequencing of random samples.  For this 
purpose, attempts were made to amplify the 16S 
rRNA gene by direct PCR and to sequence the 
amplified double-stranded DNA directly using an 
automated fluorescent DNA sequencer. Sequencing 
was carried out at the Max Plank Institute for 
Evolutionary Biology, Ploen, Germany. The ~1500 bp 
DNA samples from amplified PCR products were 
purified with a Prep-A-Gene PCR Clean-Up System 
kit (Bio-Rad) according to the manufacturer's 
instructions. A 500-ng amount of template 
(amplification product) was combined with 10 ng of 
primer, 2 μl of Sequence buffer, and water to 10 μl. 
Sequencing was carried out using Big Dye 2.0 
(Applied Biosystems) end-terminal cycle sequencing, 
followed by separation and analysis on an Applied 
Biosystems 3130 DNA Analysis machine.  
   The nucleotide sequences of directly sequenced 
PCR products were deposited in GenBank under 
accession numbers (EF032157.1, EF032158.1) using 
Bankit software (http://www.ncbi.nlm.nih.gov/BankIt/ 
index.html). A BLASTN search was carried out to find 
related sequences in GenBank, especially from 
previous reports on bacteria associated with bees 
and other insects. 
   Sequence statistics of the sequenced nucleotide 
(EF032157.1, EF032158.1) were analyzed using 
software CLC Free Workbench, Version: 5.1.1 using 
fasta format. Various sequence information and the 
statistical table including nucleotide distribution table 
were analyzed (Table 2,3). 
 
Table 2. Individual nucleotide sequence statistics of 
Wolbachia pipientis from worker honeybee Apis mellifera 
carnica (EF032157) analyzed by CLC Workbench (Version 
5.1.1). 
 

Sequence type DNA 

Length 612 bp 

Name/Accession No gi|118162030|gb|EF032157
.1 

Description 
Wolbachia endosymbiont of 
Apis mellifera carnica 16S 
ribosomal RNA gene, 
partial sequence. 

Nucleotide count (A) 181 

Nucleotide count (T) 145 
Nucleotide count (G) 168 

Nucleotide count (C) 117 
A+T 326 

G+C 285 

Any nucleotide (N) 1 

Weight 198,855 kDa 
 

Table 3. Individual nucleotide sequence statistics of 
Wolbachia from worker honeybee Apis mellifera carnica 
(EF032158) analyzed by CLC Workbench (Version 5.1.1). 
 

Sequence type DNA 

Length 600 bp 

Name/Accession No gi|118162031|gb|EF032158
.1 

Description 
Wolbachia endosymbiont of 
Apis mellifera carnica 16S 
ribosomal RNA gene, 
partial sequence. 

Nucleotide count (A) 177 
Nucleotide count (T) 141 
Nucleotide count (G) 167 
Nucleotide count (C) 112 
A+T 318 
G+C 279 
Any nucleotide (N) 3 
Weight 195,068 kDa 
 

3. Results and Discussion  
This paper first reports the presence of Wolbachia in 
the workers of honeybee sub species Apis mellifera 
carnica collected from different colonies of Honeybee 
research unit, Bremen, Germany based on PCR and 
direct sequencing approach.  
   A PCR assay based on 16S primers was designed 
for the detection of Wolbachia pipientis in honeybee 
tissue, yielded an amplicon of ~900 bp, which 
corresponds to 16s rDNA gene of Wolbachia. All the 
worker honeybees were tested positive (100%) 
(Figure 1) for Wolbachia infection examined by the 
PCR. The data strongly suggest that the organism 
has undergone a recent and extensive spread 
through host populations. 
   So far, most studies on honeybee microflora have 
focused on disease-causing microorganisms [20], 
while much less emphasis has been given to non-
pathogenic microorganisms and their impact on hosts. 
The inability to grow these bacteria on defined cell-
free medium has been the major factor underlying 
these uncertainties. We circumvented this problem 
by selective PCR amplification and subsequent direct 
sequencing of the symbiont 16S rRNA genes directly 
from infected insect tissue. 
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   Apart from PCR results, the BLAST analysis of the 
partial sequences (EF032157.1, EF032158.1) 
obtained from direct sequencing of random 
samples, revealed that the sequences were 99% 
identical with each other, belonging to Wolbachia 
pipientis. 
   The BLAST result of the individual sequence 
(Accession number EF032157), showed 99% identity 
with Wolbachia pipientis strain from Apis mellifera 
carnica (Accession number EF032158), 99% identity 
with Wolbachia endosymbiont of Varroa destructor of 
Apis mellifera carnica (Accession number EF032159), 
99% identity with Wolbachia pipientis strain from 
A.diaspidis (Accession number X87407), identity of 
98% with Wolbachia pipientis strain EW-p (Accession 
number EU096232) and 98% identity with Wolbachia 
W.S.P gene(Accession Z289831) , with total query 
coverage of 100%  and E-Value of 0.0 . 
   The BLAST result of the individual sequence 
(Accession number EF032158) showed 99% identity 
with Wolbachia pipientis strain from Apis mellifera 
carnica (Accession number EF032157), 99% identity 
with Wolbachia endosymbiont of Varroa destructor of 
Apis mellifera carnica (Accession number EF032159), 
identity of 98% with Wolbachia pipientis strain 
trk1/dsz (Accession number AJ306310, AJ306309, 
AJ306308), and 99% identity with Wolbachia W.S.P 
gene(Accession Z28983), with total query coverage 
of 100%  and E-Value of 0.0 . 
   The BLAST results of the partial sequence 
(EF032157.1, EF032158.1) verified the presence of 
same species of non-pathogenic Wolbachia pipientis 
belonging to α-proteobacteria in the worker of the 
honeybee subspecies Apis mellifera carnica. These 
bacteria may thus be specialized inhabitants of the 
honeybees. Therefore, these bacteria seem to 
constitute a specialized endogenous community in 
the honeybee’s alimentary tract rather than bacteria 
accidentally taken up from the environment passing 
the gut. This obligatory symbiotic relationship is 
evident from several reports of Jeyaprakash et al. 
[19], who established the presence of Wolbachia in 
honeybee species, Apis mellifera capensis and Apis 
mellifera scutellata. Interestingly the sequences 
(EF032157.1, EF032158.1) were 99% identical to the 
sequence of Wolbachia from Varroa destructor 
(EF032159.1) which happens to be an ectoparasite 
of the honeybee sub species Apis mellifera carnica, 
revealing the frequent horizontal transmission 
between the host and parasite is exclusive. 
   The detailed nucleotide sequence analysis of 
sequence (Accession no: EF032157) revealed that 
the length of the nucleotide was 612 bp with a 
molecular weight of 198,855 kDa (Table 2).The A+T 
content were higher than the G+C content (Table 2) 
with a single (N) nucleotide. It revealed considerably 
higher A+T content of 53.2% as compared to G+C 

content of only 46.5%, revealing that the sequence 
was AT rich. 
   The detailed nucleotide sequence analysis of 
sequence (Accession no: EF032158) revealed that 
the length of the nucleotide was 600 bp with a 
molecular weight of 195,068 kDa (Table-3).The A+T 
content were higher than the G+C content (Table 2) 
with three (N) nucleotides. It revealed a higher 
percentage of A+T (53%) base composition as 
compared to G+C content of only 45.58%, , revealing 
that the sequence was AT rich. 
   The differential sequence analysis between the 
Length and weight of the nucleotide sequences 
(Accession no: EF032157, Accession no: EF032158) 
was found to be 12 bp and 3.787 kDa respectively.  
   The A+T content of the sequence (Accession no: 
EF032157) was higher than the A+T content of the 
sequence (Accession no: EF032158) by 0.2 %. The 
G+C content of the sequence (Accession no: 
EF032157) was higher than the G+C content of the 
sequence (Accession no: EF032158) by 0.92%.  
   In insects, the relationship between the presence of 
Wolbachia endosymbionts and reproductive 
alteration of their host is well established, although 
the exact mechanism involved has not yet been 
determined. Certain Wolbachia strains have been 
shown to induce parthenogenesis in several parasitic 
wasps [3, 5]. Although, Wenseleers and Billen 
[18] failed to demonstrate the presence 
of Wolbachia in Apis mellifera capensis, Jeyaprakash 
et al. [19] did detect Wolbachia in this subspecies. 
However, the same Wolbachia strain was also found 
in arrhenotokous honeybee workers of another 
subspecies, Apis mellifera scutellata, and so is 
unlikely to be responsible for thelytoky. Nevertheless, 
Jeyapraksh et al. [19] did not rule out a role for 
bacteria in inducing thelytoky in Cape honeybees, 
since other microorganisms have been shown to 
induce thelytoky [17, 21]. 
   The presence of Wolbachia in Apis mellifera 
carnica indicates a long-term and stable association 
between the two and may increase fecundity or have 
no obvious effect at all. Currently, there is no 
evidence that these Wolbachia strains are 
responsible for inducing parthenogenesis within the 
Hymenoptera [18], and additional work will be 
required to determine if these Wolbachia have a role 
in reproductive alterations in Apis species. 

4. Conclusions 
A conclusion that can be drawn from our survey is 
that Wolbachia spp. is highly prevalent in the workers 
of honeybee sub species Apis mellifera carnica in 
Bremen, Germany.  Every colony of the worker 
honeybee was tested positive for Wolbachia spp. 
infection.  This leads us to believe that Wolbachia 
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spp. may be endemic to Apis mellifera in this area. 
Studies thus far indicate that Wolbachia’s effect and 
infection rate is not the same in every species. The 
amount of research on Wolbachia spp. prevalence in 
the Apis species of the order Hymenoptera is very 
limited. Further studies are needed to tell what role 
Wolbachia spp. may play in manipulating the 
reproductive abilities of Apis mellifera and also to  
investigate the prevalence rates of Wolbachia spp. in 
other honeybee species/races. 
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