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PCR detection and sequence analysis of the
Wolbachia wsp gene in four gall wasps
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Abstract  Wolbachia is a cytoplasmically inherited bacterium which occurs widely in the reproductive tissues of
arthropods. It causes a wide range of alterations to host reproduction, including induction of cytoplasmic incompatibility
(CI), parthenogenesis induction ( PI), genetic male feminization and male mortality. We examined the presence of
Wolbachia in four American gall wasps, Callirhytis punctate Bassett, Dryocosmus palustris Osten Sacken, Antistrophus
silphit Gillette and Antistrophus sp. , using polymerase chain reaction and sequence determination of the Wolbachia wsp
gene. Wolbachia infection rates were found to be 60% and 36% , in C. punctate and D. palustris, respectively, but no
infection was detected in the two Aniisirophus species. The two wsp sequences of C. punctata and D. palustris have lengths
of 564 bp and 561 bp, respectively, and were 94% similar. Further comparison with known wsp gene sequences in other
cynipid wasps revealed a 100% similarity with those in C. punctata and Andricus solitarius ( strain 1), Neuroterus
macropterus and Synergus crassicornis and a similarity ranging between 79% —99% in the remaining species. Phylogenic
reconstruction of the relationships of Wolbachia strains in Cynipidae with known wsp sequences indicated that the

Wolbachia strain of Callirhytis punctata is closely related to that of A. solitarius ( strain 1), N. macropterus, Biorhiza
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pallida, and S. crassicornis, whereas the Wolbachia strain of D. palustris is closely related to that of A. mairei. Addition

of the new wsp sequences did not change Wolbachia’ s established pattern of association in cynipid wasps, i. e. , the

Wolbachia strain of Ceroptres cerri belongs to the B group whereas that of all other species belong to the A group.

Additionally, we used the sexually reproductive generation to examine the presence of Wolbachia both in C. punctate and

D. palustris. The results indicate that Wolbachia does not induce parthenogenesis in these species.

Key words Wolbachia, wsp gene, PCR, phylogenetic relationship, Cynipini, Aylacini

IR IR g [ AR Wolbachia Jg&— & L5 K 3 ¥)
R 2 MR 1 32 B A0 i B A AR AR R TR I T
["] ( Proteobacteria ) f) o . [7] B 37 78 K KK H
(Rickettsiales) , Ay ¥ 2% G B 14 40 7 ( Werren, 1997 ;
Stouthamer et al. , 1999 ; Weinbauer et al. ,2004 ) ,
T wsp FEH P, 0K Wolbachia X434 A B
C.D.E.F.G 1 H 8 ™Hf (group) , Hrpr A HEF1 B
REILA: TR AU WA 52 sh ), C REA D fEdL A=
Tz RE& d B S E T Bk F ORI AE T
E 2N SRS NIDNSE O SRS NiOL o P8 RN
MG, G REFT HRE LA 7 sk F0 F rh (Floate
et al. ,2006) , J&Y: Wolbachia 1y il 2 Ak 11 ik
17% ~ 76% ( Werren et al. , 1995; West et al. ,
1998 ; Jeyaprakash and Hoy, 2000; Werren and
Windsor,2000) , — 2k 22 4L & Wolbachia A V] BE
JEHR A A de )T A R KRy 3 AR A 2 R
(Werren et al. ,1995) , H2F EFREWAR ¥z, W0
INSRR Plutella xylostella (2 A 45,2009 ) | B8 1 2
(ZEPRF4%,2011) | F K IE 75 IR ¥ Trichogramma
ostriniae ( X 7% {F 45, 2009 ) 4 v #f A K I B
Wolbachia [)JE&Hs . %0 WAL 1507 X EZRF N1
e B AL, B0 A 3 0 A A A SRR e 10 4 T 4 O A
F1% 2 D 5 % 36 45 A8 (Werren, 1997 ) o {H7E — 8
A b WAFAE K AL #E LG (Vavre et al.
1999) . Wolbachia BE X} # J8% x (1) B He 55 15 1 8l
A A2 8 5 AR AT A%, AL A5 1k i M B AS 2R A
( cytoplasmic incompatibility ) . i 5 IR M A= 5H
( parthenogenesis-inducing) . M P4 fk ( feminizing ) &
e 2 HE ( male-killing) ( Werren, 1997 ; Stouthamer
et al. ,1999) ,

B85} ( Cynipidae ) Jy 85 24 FF ( Cynipoidea)
TR VRS HE, — T O AR AL A,
T2 1400 i, 4 3l 3 WS SE AR, B vty 82 e S
Pt (Hodiernocynipinae ) ( ¥y 4 A7 F ) 182 # W7 B}
(Cynipinae) ( BUAFFRFIAN AL A0 Fl ) o B 7 A4
15 6 A (tribe ) , BV . BB 5 (Aylacini) A 8 8

J5 ( Cynipini) | 582 8 % ( Eschatocerini ) | 82 4 %
( Pediaspidili) 3% 7 3% 1% % ( Diplolepidini ) F1 % 34
% ( Synergini ) ( Ronquist, 1999 ; Liu and Ronquist,
2006) . £ PCR ARG, £ UESE 4 A6 1) — L2 8 i Fof
25 H Wolbachia )34, B 35 B 1% 4 Ff ( Plantard
et al. ,1999; Rokas et al. ,2002) , £ B2 W fi 8 Ff
(Abe and Miura, 2002; Rokas et al. , 2002; Zhu
et al. ,2007 ;47 & 5 45 ) 2012) , 3% 7k B W% 11 Fp
(Plantard et al. , 1999 ), & ¥ 1% ji% 6 Fh ( Rokas
et al. ,2002) , BB B HA Z R AR5 J5 =0,
77 M R ME A2 5 (arrhenotoky ) | MfE I M 2R FH
( thelyotoky ) . J& #7 ¥ 98 M 4 %0 ( cyclical
parthenogenesis ) ( Ronquist, 1999 ; Stone et al. ,
2002) o —SEAFTC UESE , B I 5 3 Al P e e
S5 e ICME 2 BE R 2 Y JIKHE 2 5E 2 Wolbachia
175 S T 2 ( Plantard et al. ,1998,1999) ,

FeAT T3 [ R o BN BB AN SRR T
B 4 Bk ( Quercus palustris Muenchh ) | #& M KR
( Quercus imbricaria Michaux ), # M # F ¥
( Silphium perfoliatum Linn. ) K& & ™ ¥ F &=
( Silphium integrifolium Michaux ) ff) 8 i 9 | 3k 15
AR W R B M A IR 2 R, R BR 4 R 0 i
LN RA v T
Dryocosmus palustris Osten Sacken ; 5558 W i [ 2 i
2 Ff, RPFA 7 5 06 Antistrophus silphii Gillette
TG P 7 B 0% Antistrophus sp. (FF & FHFN) o
FIH Wolbachia {9 wsp J& PR Rg 5 M 514, % 4K 45 482
W) Wolbachia JE&Ye 47T PCR Kzl , iIE S5 T AR 45
e AL TR S5 AR 8 0 PR N L Wolbachia 324, 22
H 93 K R Be i) DNA 741 43 B, 55 2Rl b 2 1
(AT 2 Wolbachia 1) wsp J K7 1) 1) — 5Pk
X M T REREFW .

1 HR5®

1.1 ##
AHIF T BB 4 5 e (¥ ALY N TE AR AR )

Callirhytis punctata Bassett
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FE SOPR L0 (75 AR S TR AR AR AN i AR ) A i
PA T w0 (25 EHEY & AN AR ) 1Y HU T
2010 4F 4 J] R F 356 AP S0 M, A e e i e (A
FAEY) g S A R B BT 2010 4E 4 R A
FREDHELNMN (L 1) o REMREAF T E IR
FAF I AR . SRS R B A R L TE K &
B, T —40°C VK FE PR A7 4
1.2 2 DNA §3RE

DUBR 20K P8 ¢ i B 8 8 iR 1 MR T AT
100 L STE 2% % (100 mmol/L NaCl,10 mmol/L
Tris-HC1,1 mmol/L EDTA ,pH 8. 0) ¥ 1. 5 mL & .»
B A5 SL A AR, 110wl 10% [ SDS FIE
FAE K(20 mg/mL)2 pL, R4 37°C /K 18 i it
Ao 100 wL Y PCL (R S5 5 M ls = 25¢
24:1) 43,5 000 r/min &0 10 min, B G W ; 1
fin 100 pL PCL 3,5 000 r/min B 0> 10 min, B
LT SR 10 wL(3 mol/L) BAFRHN,250 wl,
B ToIK 2B - 20°C 1+ 7% , £ 5°C 14 000 r/min i &
B0 20 min, 7 LIS, ) 75% Ve SRRV, T
AR TR 5 PRI B 0 5 BIE W — K, T4 15 min J5
50 L TE 28 sl 5 i, —4CORAER
1.3 Wolbachia §) wsp B F K EH) PCR ¥ 18

FERT I wsp 3 545 52 4 31 40 wspBIF (5'-
TGGTCCAATAAGTGATGAAGAAAC-3") Fll wsp691R
(5'-AAAAATTAAACGCTACTCCA-3") ( Zhou et al. ,
1998) . PCR ¥ 44K 25 wl, 0 4f 2 pl 24k
DNA,17 pL H,0,2.5 L 10 x buffer,1 pL dNTPs
(10 mmol/L) , ¥ A1 F 51 % (10 wmol/L) £ 1
wLh, UL &% 0.4 wL Tag DNA R & (215 U/pl),
PCR ¥ 45 2R J& . 95°C i 28 14 3 min,95°C 30 s,
52°C 1 min,72°C 1 min, 3t 35 MER ,GEHEER)G
72°C 4+ H 7 min,

PCR "3 ™= H 1. 0% W) B AR HEEE L T 0.5
x TBE ZZ thifg v i UK, HL IR 70V, H Uk I ] 2 40
min, HLYKE DL AL & 58 G4 6, BE B 1R 22 48 A )
IHE . DNA 73 i R ] 1 RARAE 28w Y
D2000 ) DNA MWMaker #ric., DL 3F K20 8L 0%
Andricus mairei ) Wolbachia ¥ Jy FH % % I8 (%
i B A5 ,2012) |, afi v oK Sk [ X6 R

1.4 Wolbachia i) wsp EE R BRI F 5N E R &
1
¥ B L E A BR g PCR Pyt 7 |k 4ifk,

IRJE RAE LS IR A W B A BR 2 /) R 47 X ) B
FED Y o A Mg il e 3 A BRI 3 AN P
G, LLH—BUF 5 i

M NCBI [ 3 iR 48 2 8 3¢ 19 B2 Wolbachia
() wsp FE K PP 91, FI ] Blast F4F 2547 —BOHE LKL o
fii j§ MEGA4. 0 % 4 8 A 0F 58 3K 15 19 )2 91 5
GenBank H1 T 2% (%) FoAth 2 ¥ Wolbachia B wsp %[N
HAT AN E 2 HES . o TR S5 74 ~111 bp,
214 252 bp I S18 ~584 bp 3 A~ 69 1 4 2
TEPEAE A I X, 2 I Braig 45 (1994 ) K& Rokas 4§
(2002) , 76 J5 22 /9 20 B v HEBR T3k 3 S IX . 48
J&i , R P8 Kimura’ s 2-parameter #5511+ 5515 44 15 5
g Model-Test3. 7 % ft i Ak A5 8 1% %2 Gamma
B, AT 1000 W[ S A B AR 4 A
( Neighbor-Joining method ) ¥4 NJ &4 #¢

2 HREHH

2.1 X EE kg Fh 3K Wolbachia R =

{1 Wolbachia 1) wsp J PR R 5519, 4333l
XPR HALSE R 4 R GEAT T PCR AL I, 75 AR 2
W T %) A 45 JRg YL 06 R 2 S A AR I R 1) 2 B R 98 e
RS TR E 2y 600 bp By RN A B, IESE T
Wolbachia 75 HA N 2% Gy, FRE YL 853 51 2 60%
F36% (K 1,3 1), JF81 5 0T 45 2R s, BR4h
Jod B 0 T % B MR B Wolbachia (1) wsp PR 5 31 K
FE 4y 528 564 bp #1561 bp, B #2328 GenBank i,
Bk JX183144 F1 KC122917

2.2 HiXEES O 5 EYE Wolbachia 1y wsp E &
HEI—BERERELER

fifi FH NCBI ¥ 3 /) Blast T H., XJ #5545 Jag 43 e
FIE B RR B | GenBank £ % 5% (1) 81 i J Hiflh A |
B BEAC RN B A1 Wolbachia 1) wsp FeF ¥ 51|
PEAT T — VeI o AR SORS I 1) R 45 U8 L e 15
SCHRILIE Wolbachia 1 wsp 3 R 5 51 1) — Z
94% . 545 i BL I 5[] Sy AR 8 0 R 1) Andricus
solitarius 1 Neuroterus macropterus I %% ¥4 W& ik )
Synergus crassicorni [] Wolbachia [¥) wsp 3 [ [ 51 52
fa, S HCALEEE Wolbachia 1 wsp 3514 07 51
—SHEN T 79% ~99% Z 1A (£ 2)

i 1l MEGA A fF J§ NJ Bk fg a7 #2 ig
Wolbachia ] wsp LN RE LB (K 2) . NFR
GRBERIMO LA, BRE BN Ceroptres cerri
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B 1 Wolbachia W) wsp EFE K K/ PCR # 1
Fig.1 The PCR amplification of the wsp gene fragment of Wolbachia
M: DNA 4»FiEAni#E DNA molecular weight marker; 1 : ¥R 458 8% Callirhytis punctata ;2 « 35 55 Bk 58 b 5 0 Ak
Fh#E Quercus imbricaria strain of Dryocosmus palustris; 3 ; ¥ 3% BF B2 % V8 4= ¥R Fh BF Q. palustris strain of
Dryocosmus palustris ;4 . ¥ T FOEEWE Antistrophus silphii ;5 . 45 W AN T 5L Antistrophus sp. ; DK 2% [ 40 P2 1
Andricus mairei;NC; B4EX] (7K ) negative control (water) .

YL Wolbachia J& T B HEZ Ah , H Al 3 0 R e 11y
Wolbachia Y4 J& T A B . 5458 L0 15 AR 80 06 Ik 1)
A. solitaries ( strain 1) | N. macropterus 1 Biorhiza
pallida, VL K % ¥ W J% () S.
Wolbachia SEEEAE IR — 73 3, F5 MR 0 55 A5 0 i
JG R A2 Q2B A, mairei G TE—iE,

3 itig

IR AR T [ W03 H ( Diptera ) 82 8
Bl ( Cecidomyiidae ) | f9 #5 — K i #1 B e 26 #if
( Ronquist, 1999; Stone et al., 2002; Liu and
Ronquist,2006) , £ PCR il , £ 1iF 3282 W W B 1Y
B T O B G R R B U R 7 B G R Y —
s fh s EH Wolbachia 1134z ( Plantard et al. ,1999;
Abe and Miura,2002 ; Rokas et al. ,2002 ;Zhu et al. ,
2007 ; M ik B 45 ,2012) , AR5 i Wolbachia [
AMNIREE L wsp 19 PCR ¥ 38 K H 7 51 43 #r , UE
ST b 36 7 R R L 6 TR ) R 45 R Y 0 R B SR R 98
A7 7E Wolbachia ) JE 5 LKL R 5351 60% Al
36% . M\ NJ RGERF M A LU Y, BR 45 B %
5 HR B R A
macropterus 1 B. pallida . UL & % P2 ¥ 7% 69 S.

crassicornis [

solitaries ( strain 1), N.

crassicornis I Wolbachia , & 5% £ 2 1§ 5 #F 1 0% %
M 3Z GRS A, mairei Sz A BE Wolbachia B3
Bk Z b P VR IR Ephestia kuehniella 1) Wolbachia
RETEIR — 53 3, Ui W Wolbachia )35 % K R 1K
it

Wolbachia 4% 3% J7 =X 25 24 Fh A BY 36 1515 3%
(Werren,1997 ; Stevens et al. ,2001) , {H th 7 7F 7K
VAL % % (Werren et al. , 1995; Vavre et al. ,
1999 ; Huigens et al. ,2000) , 7% 81 b i i b (35 )
P ) R BN B SRR T A e T O e
TN i e R A i 0 1 2y 7R A [ Y
PN EUE KB (Ronquist, 1999 ; Melika, 2006 ; Abe
et al. , 2007 ; Liljeblad et al., 2008 ), Rokas %
(2002) k& 3 3 Fh & # & S. reinhardi. S.
diaphanus .S. umbraculus) F1 1 Fh AR 82 W i 1Y 1
e A, solitarius ( strain 3 ); 1 Fp & 2 % S.
crassicornis F 2 B A 8L 04 5 1) 35 B ME A, solitarius
(strain 1. N. macropterus , Wolbachia ¥ wsp &[N F
4 58 42— B, NN J& Wolbachia 75 75 3 1 1 it 31 32
W Z [ KPR RE IS5 2R . AT BRSSP
[F] & %k B2 W% 7% 19 A, solitarius ( strainl ) I N.
macropterus N % & ¥ J&E W) S.

crassicorni 1)
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Table 2 Sequence affinity of the wsp gene of Wolbachia from Callirhytis punctata ,Dryocosmus palustris

and other species of Cynipidae

R B R H ——— ﬁi%ﬁﬁiﬁ HEJ]J]‘% PR,
Host insect Number of Identity (% ) Reproductive Accession Reference
nucleotides mode of host number
Callirhytis punctata 564 — Ccp JX183144 —
Andricus solitarius 564 100 Cp AY095153 Rokas et al. ,2002
Neuroterus macropterus 564 100 T AY095152 Rokas et al. ,2002
Synergus crassicorni 564 100 A AY095154 Rokas et al. ,2002
Biorhiza pallida 564 99 Ccp AF339629 Rokas et al. ,2002
Callirhytis glandiums 594 95 Cp AY095156 Rokas et al. ,2002
Synergus gallaepomiformis 588 95 A AY095155 Rokas et al. ,2002
Andricus mairei 561 95 CcpP IN710456 Wik 2%, 2012
Dryocosmus palustris 561 94 Cp KC122917 —
Dryocosmus kuriphilus 573 86 T DQ493720 Zhu et al. ,2007
Synergus diaphanus 576 86 A AY095148 Rokas et al. ,2002
Synergus umbraculus 576 86 A AY095149 Rokas et al. ,2002
Synergus reinhardti 576 86 A AY095147 Rokas et al. ,2002
Andricus solitarius stain2 573 86 CP AY095151 Rokas et al. ,2002
Andricus solitarius stain3 576 86 Cp AY095150 Rokas et al. ,2002
Plagiotrochus gercusilicts 546 82 T AY095158 Rokas et al. ,2002
Ceroptres cerri 540 79 A AY095157 Rokas et al. ,2002

1 CP. W POME A 58 cylic parthenogenesis; T : 7= Mff JIUME 4 58 thelytoky ; A ; 7= 1 JINME 4= 5 arrhenotoky.

Wolbachia 1 wsp F& X 7 51 58 4= — 2, A] LA 0
Je 1 T Wolbachia W)/K-VH % . Beoh, TEADF TR
A 0925 SR L 06 T A R R R R A It AR R RE R, A
e I 2 A% i B B BE B Wolbachia W3t 4z, T LIIA
h FE: GOHR B 0 A 0 MR o BE SR UL 1) Wolbachia Jf-3E
HAR S B A R R 4551, BOOR FRATT R R 4 21 1 47
S B0 | B R R YR T B ) K P B
PR B VA 2 F A A O 2, g e I
AR BE L7 HE OICHEE AF B FE B 1 AICHE A= 5 ( Ronquist,
1999 ; Stone et al. ,2002) , —SLAF 57 B 9F 52, B
WG T 0 A B e R — 7 T A 5 b 2 ) I
A5l R Wolbachia i35 5 fif 2t ( Plantard et al. ,1998,
1999) . BRI B R TERR R SR 45 5¢ 2 B Y
IR O, R A IOME AR A, RDA P AR
5V A B & A (B A — S Fo 2805 7 fE A
ME A= 7E ( Liljeblad et al. , 2008 ), Abe (1986) J
Stone 45 (2002 ) F I 3 26 75 7 i PICHE A 5 b 26 19
AT TR 5 Wolbachia 5 3¢, B Wolbachia 1) JE Yt
SFET AN L, HREEEDEIESA 8
Fip 8% 4t Wolbachia ( Abe and Miura, 2002 ; Rokas

et al. ,2002; Zhu et al. , 2007 ; 45 4% & 2 2012) .
SRM , Rokas %5 (2001,2002) , # 1k 2 45 (2012) 1Y
oo WoR A
glandium J Fz Q42138 4 B 9K B Wolbachia (/)% ,
B4 A A P A 8 S B, Abe F1 Miura
(2002) JESE T Andricus mukaigawae . Zhu 45 (2007 )
YESE T JEEL 0 (R N A7 TE Wolbachia , {5 Wolbachia [
Y 55 1 T 7 MEIOME A 5 O e O HK o AT SR
A 9 IR 445 R B e TR B S AR B e 3 Oy oA M 1
BRI B T Wolbachia &4, (H AR W A SCHF
Abe(1986) K Stone % (2002 ) Yy #EM .

solitarius . B. pallida , Callirhytis

£ % 3Lk ( References)

Abe Y, Miura K, 2002. Doses Wolbachia induce unisexuality
in oak gall wasps? ( Hymenoptera; Cynipidae ). Ann.
Entomol. Soc. Am. , 95(5) :583 —-586.

Abe Y, 1986. Taxonomic status of the Andricus mukaigawae
complex and its speciation with geographic parthenogenesis
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( Hymenoptera: Cynipidae ). Entomol.

(3):436 —447.

Appl.
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4()5;': Ceroptres cerriAY 095157
76 Apoanagyrus diversicornis AF071916

96

70

Trichogramma semblidis AF245162 | Outgroup
B group
Culex pipiens AF020061

Callirhytis punctata JX183144
Glossina morsitans AF020079
Andpricus solitarius strain 1 AY095153
Synergus crassicornis AY095154
Biorhiza pallida AF339629

Neuroterus macropterus AY (095152

95 93

97

99

55

ol
{ Drosophila melanogaster AF020063
98

Drosophila takahashii DQ412094
Dryocosmus palustris KC122917
Andricus mairei INT10456
Ephestia kuehniella AF071911
Callyrhytis glandium AY 095156 A group
Synergus gallaepomiformis AY095155
Synergus diaphanus AY(095148
Synergus reinhardti AY095147

100,

100

Andricus solitarius strain 3 AY095150
Andricus solitarius strain 2 AY095151
Synergus umbraculus AY 095149
Dryocosmus kuriphilus DQ493720

& 2

Plagiotrochus quercusilicis AY095158

R 25 R PN PR B AR e 5 HL 8 4 2K Wolbachia 1)

wsp BEEFFINRFEHULXER
Fig.2 Phylogenetic relationship of wsp gene sequences of Wolbachia in Callirhytis punctata ,

Dryocosmus palustris and other cynipid gallwasps
43 3% 1] AT 4 B T 1000 R A 3 & il 1Y bootstrap o

Numbers above branches are bootstrap values computed from 1 000 replications.
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