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Double infection with Wolbachia strains in three species of
bumblebees ( Hymenoptera: Apidae)
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Abstract Wolbachia is a group of maternally inherited intracellular bacteria that may manipulate the reproduction of their

arthropod hosts through distinct mechanisms such as cytoplasmic incompatibility ( CI)  thelytoky ( T) feminization ( F)

or male killing ( MK) . Using 16S rDNA as a molecular marker different body parts ( heads thorax legs and genitalia)
of three bumblebee species including two native species ( Bombus hypocrite and Bombus lucorum) and one lab-reared
species ( Bombus terrestris) were screened for Wolbachia. Infection with two Wolbachia strains ( strain A and strain B) was
found in all body parts except the head in all three species. This is the first evidence of infection with both Wolbachia
strains A and B in social Hymenopteran insects and of Wolbachia infection in bumblebees. The effects of Wolbachia on the
reproduction and sex ratio of bumblebees is briefly discussed including the possibility that Wolbachia could be involved in

bumblebees. Tt’ s possible that Wolbachia could be a potential factor inducing reproductive conflict and a feminized sex—

ratio in bumblebee colonies.
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Bombus terrestris
L. Bombus lucorum L.

Bombus hypocrite Pérezo

2007 4
(40°36° N 117°22° E) . 2007
5 (43°03N 82°51°E) .

1.2 DNA PCR

Gong  Shen (2002)

DNA, Wolbachia
Corcyra cephalonica

o 28S rDNA 28SF (5°TAC
CGT GAG GGA AAG TTG AAA 3°) 28SR (5°AGA
CTC CTT GGT CCG TGT TT 3°) DNA

o 16S Wolbachia Wolbachia—

SpecF ( CAT ACC TAT TCG AAG GGA TAG)
Wolbachia-SpecR ( AGC TTC GAG TGA AAC CAA
TTC) ( Werren and Windsor 2000) .

28S 16S Wiobachia
. PCR 25 uL

2.5 WLDNA 2.5 wLMgCL (25 mmol/L) 2 pL
dNTPs (2.5 mmol/L) 2 uL (25 pmol/
L) and 0.3 uL Taq DNA (5 U/pL
TianGen) . PCR DNA 94C 2
min; 40 (94°C 30 s;

10 61°C 51C; 30

51°C 45 s;72°C 90 s)
72°C 10 min.
PCR ( Sangon
Biotechnology Shanghai China) o

DNA  pMDI19-T vector TaKaRa Biotechnology

( Dalian) Co. Lid. o E.
coli. DH5Sa ( TianGen Biotechnology  Beijing
China) o

( Sangon Biotechnology Shanghai China) .

1.3
DNAMAN V6.0

( Lynnon Corporation) o

2
2.1 Wolbachia 16S rDNA
Wolbachia 16S rDNA 3
DNA ( )
438 bp ( 1) .

Wolbachia
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Wolbachia 16S rDNA
( NCBI) BLAST o GenBank (
GenBank Wolbachia ~ 16S rDNA EU292715 ~ EU292728) .

1 Wolbachia 16S rDNA PCR
Fig.1 Detection for the presence of Wolbachia by PCR using primers against 16S rDNA

A - New queen of B. terrestris; B — New worker of B. terrestris; C —
New male of B. terrestris; D — Offspring of B. terrestris; E -
Founder queen of B. terrestris; F - B. lucorum; G - B. hypocrita; H -
Negative control; I — Positive control.
2.2 Wolbachia  16S rDNA 2 ( Breeuwer et al. 1992;
Stouthamer et al. 1993) Wolbachia
GenBnak 7 ( Rousset and Solignac  1995;
MEGA410 Werren et al. 1995; Kondo et al. 2002; Keller
Kimura22 Parameter N ( 2) et al. 2004; Narita et al. 2007; Song et al.
bootstrap 1 000 2009) .
. 16S 100% Wolbachia 16S
rDNA Wolbachia A B o rDNA 99%
2 2.28% ( 4) Wolbachia o
Stouthamer 1993 168 2% Wolbachia
2
A.B o Wolbachia Wolbachia
99% ( 4) . Wolbachia
2 o ( Werren et al. 1995) .
A 5 ( ) Wolbachia
( 2) B 3 ( 3. Wolbachia
3 o
( 1.
3 ) :
Wolbachia ;

3.1 Wolbachia
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1 Wolbachia

Table 1 Wolbachia infection rate among different tissues of bumblebees

/

Infection/ Total rate of infection

Species
Heads Thoraxes Legs Germinal tissue
0/9; 0 9/9; 100% 9/9; 100% 9/9; 100%
Queens of B. lucorum
. 0/4; 0 4/4; 100% 4/4; 100% 4/4; 100%
Queens of B. hypocrita
. 0/11; 0 11/11;  100% 11/11; 100% 11/11; 100%
Founder queens of B. terrestris
. 0/3; 0 3/3; 100% 3/3; 100% 3/3; 100%
New queens of B. terrestris
. 0/15; 0 15/15;  100% 15/15; 100% 15/15; 100%
New workers of B. terrestris
. 0/5; 0 5/5; 100% 5/5; 100% 5/5; 100%
New males of B. terrestris
0/3; 0 3/3; 100% 3/3; 100% 3/3; 100%

Offspring of worker B. terresiris

2 A Wolbachia

Table 2 Difference of Wolbachi sequence from A strain

B. terrestris

Position B. lucorum B. hypocriia Founder New New New Offspring of
queens queens males workers workers
40 T I C T T T T
250 G A A A A A A
314 T C C C C C o
329 A A A G A A A
348 T A T A A A T

3 B Wolbachia

Table 3 Difference of Wolbachi sequence from B strain

B. terrestris

Position B. lucorum B. hypocrita Founder New New New Offspring of
queens queens males workers workers
318 A G G G G A A
364 T C T T T T T

417 G G - - - G G
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Table 4 Similarity of sequence from different individual

A stain B strain A+B
Bombus sp. and Bombus sp.
Bombus sp. and
Bombus sp. Muscidifurax Bombus sp. . Bombus sp. Trichogramma sp.
. Trichogramma sp. )
uiraptor and M. uiraptor
99. 46 % 99.77% 99.35% 97.72% 97.95%
Similarity
* Stouthamer 1993 ( See reference Stouthamer et al. 1993) .
Bombus terrestris new male
Bombus terrestris founder queen
Bombus terrestris new queen
22 Bombus hypocrita
Bombus lucorum
Bombus terrestris son of workers B
100 Bombus terrestris new worker
Trichogramma deion TX L02884
Trichogramma deion SD LO2888
Trichogramma deion Ba L02887
69— Trichogramma deion Mo L02886
Trichogramma pretiosum 102885
Trichogramma cordubensis 1.02883
6l — B.terrestris founder queen
| Muscidifurax uniraptor 1.02882
B.terrestris new queen
B.terrestris son of worker
B. lucorum A
52
B.terrestris new male
% B.terrestris new worker
B.hypocrita
2 Wolbachia  16S rDNA
Fig.2 Phylogenetic tree of Wolbachia based on 16S rDNA construct with different hosts
The sequences are described by their host species: Thichogramma deton TX 102884 T. deion SD 102888
T. deion Ba 102887 T. deion Mo L02886 T. pretiosum 102885 T. cordubensis 102883  Muscidifurax wuniraptor
102882 ( Stouthamer et al. 1993) .
3.2 Wolbachia Stahlhut ~ (2006) Wolbachia
Wolbachia
( Werren and Jaenike 1995; Breeuwer > Van Borm  (12001)
1997; Hoffmann and Turelli 1997; Stouthamer Wolbachia
1997; Bouchon et al. 1998; Kageyama et al. Wolbachia
1998; Hurst et al. 1999; Fialho and Stevens ° Wolbachia
2000: Hurst et al.  2000; Arakaki et al. 2001) Muscidifurax
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