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HE: RN KA Andricus mairei Kieffer 75 JC Wolbachia B, ARSI H-HFA . K IUDFIBRIA 3 FhAEME | HE
B AR PY Wolbachia W) wsp FEF AT T PCR A, #EMXTIRGHIERE F B#HAT T 0. SR ER, FRETE
SRR KU RERFEFREME . HERL R 3E Wolbachia JE% , [ B FHFDBEME B HL 19 B e 5y 80% Z b, HAhdyhy
100% o 3 NFPEE Wolbachia 1) wsp BEHFFIK BEE K 561 bp, HFFIEL—B . £ REZEE Wolbachia ) wsp B H
55 B 5184 % ( Cynipini) Neuroterus macropterus . Biorhiza pallida % Andricus solitarius ( strain 1) A}z Synergini &
Synergus crassicornis Y] Wolbachia B]—B(143k 95% . [ Synergini Ji&k Ceroptres cerri YL H] Wolbachia J& T B #(B
group) Z 5, BRMERYL (1) Wolbachia 3 J& T A Bf (A group) . 7E NJ RGUMH, & R LM 5B TR Neuroterus
macropterus . Biorhiza pallida F Andricus solitarius (strain 1) }% Synergini & Synergus crassicornis &Yt ] Wolbachia B4
TER—43, MAHh, FRZEERMP. KIPMEFAFMRLRG THE. R, RS 51HR 15.3%, 12.1%
19.8% , RILE H BAHEN: UM o 45 R 5 B IR I AL D iR E TP —FF, Wolbachia 535 R R SEA:
HAFEFHE T MEIMEA T

KR . PN R Wolbachia; wsp 22 ; REREFRR
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Sequencing and phylogenetic analysis of the wsp gene of Wolbachia in
three geographic populations of an oak gall wasp, Andricus mairei

( Hymenoptera ;: Cynipidae) , from Hunan, South China

YANG Xiao-Hui', ZHU Dao-Hong"** | LIU Zhi-Wei’, ZHAO Ling' (1. Laboratory of Insect Behavior
and Evolutionary Ecology, Central South University of Forestry and Technology, Changsha 410004,
China; 2. Laboratory of Zoology, Hunan First Normal University, Changsha 410205, China; 3.
Department of Biological Sciences, Eastern Illinois University, Charleston, Illinois 61920, USA)
Abstract: To understand the effects of Wolbachia in Andricus mairei Kieffer, an oak gall wasp
(Cynipini, Cynipidae) that forms clusters of up to 30 monothalamous galls in the catkins of Quercus
glandulifera var. brevipetiolata Nakai, we examined the presence and infection frequency of Wolbachia in
three widely separated geographic populations of A. mairei in Hunan Province, South China, using
polymerase chain reaction and sequence determination of the wsp gene of Wolbachia from the three
populations. Our survey results showed that Wolbachia infection rates were unusually high in the three test
populations: 100% for the male wasps from all populations, while 100% , 100% and 80% for the
Yueyang, Changsha and Shaoyang populations of the female wasps, respectively. The sequencing results
showed that the gene from all the three populations is 561 bp in length. Comparison with the wsp gene
sequences in A. mairei and Neuroterus macropterus, Biorhiza pallida, Andricus solitarius (strain 1) and
Synergus crassicornis revealed a 95% identity. The phylogenic relationship of Wolbachia strains in
Cynipidae with the known wsp sequences indicated that the Wolbachia strain of A. mairei is closely related
to that of N. macropterus, B. pallida, A. solitarius (strain 1), and S. crassicornis, and belongs to the A
group. We also discovered strikingly male-biased sex ratios in all the test populations: females only

accounted for 15.3% , 12. 1% , and 19. 8% of the Yueyang, Changsha, and Shaoyang populations,
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respectively, indicating the exiremely male-biased sex ratios. These results suggest that the symbiosis of

Wolbachia with A. mairei does not induce parthenogenesis in A. mairei, which can not be properly

explained and is worth further investigation.

Key words: Gall wasp; Andricus mairei; Wolbachia; wsp gene; phylogenetic relationship

RIRETE K AE Wolbachia J&—28 L5 i s K
LMENEEWMMM I NE, B TR
(Proteobacteria ) ¥ o W[ B 37 7 K K & H
(Rickettsiales) , &5 2% (G RA 14 5 ( Werren, 1997
Stouthamer et al., 1999 ; Weinbauer et al., 2004) , %
WA X EZE NN IR AR, BIE
AR IR e ) 40 TR 25 O 40 L A 40 B 5 % 3 45 AR
(Werren, 1997) , {HfE—2EE RiFpRrh, WAFLEIK
SEARRE LR (Vavre et al., 1999) , Wolbachia BEX}
PR B R S S W i A 5 Oy AT R AR, S
175518 3 M JH A 3£ 1 ( cytoplasmic incompatibility ) |
175 S P4 5 ( parthenogenesis-inducing) | 175 5 MEH:
Ak (feminizing ) Kz P FE ( male-killing ) (O’ Neill et
al., 1997; Werren, 1997; Ngi-Song et al., 1998 ),
YL Wolbachia 1) B B A 25 M8 11 17% ( Werren
et al., 1995; West et al., 1998 ; Werren and Windsor,
2000) , —&b2z 5 2 IR L B e ) F 2E AT BRIk
2 76% , H 1, Wolbachia HI\K & B 4R oA B
I\ F B & K M 3t A B (Jeyaprakash and Hoy,
2000), 7E M8 H A, 40 4E e F} (Ichneumonidae )
(Leach et al., 2004 ) . #54# %} ( Braconidae ) ( Rincon
et al., 2006) . 7% HR #EHl ( Trichogrammatidae ) ( 4§
W AE 8L, 2004). 4 /) i Bl ( Pteromalidae )
( Stouthamer and Kazmer, 1994 ). M /N #& B}
(Aphelinidae) (Lo Verde et al., 2008) . Bk/]» iR}
(Encyrtidae) ( Pijls et al., 1996) . W #} ( Formicidae )
(Bouwma et al., 2006) } % ¥ #} (Apidae) (Hoy et
al., 2003) K8 B R Wolbachia 4 1R
B, UHEAA PR R RS T HALR 2%
BE(Werren et al., 1995;), B2 Bl oy B2 & BBl
(Cynipoidea) HHFIAH B MESERE, — T HEFAIE
B, BAIREZ 1400 Fh, BRI B TR,
Bl Hodiernocynipinae ( ¥ Jy b £ Ff ) F1 8% i . #}
( Cynipinae) ( BLAFFI A BILF A ) , 58846 T}
£38 6 Nk (tribe) , BJ Aylacini J& . Eschatocerin Ji% .
Diplolepidini J%&. Synergini ji%. Pediaspidili &% &
Cynipini % ( Liljeblad and Ronquist, 1998 ; Ronquist,
1999a) , B JF 3£ Aylacini ji%. Diplolepidini % .
Synergini J%& & Cynipini & f{) 5843 #1254 Wolbachia

) JE% YL (Plantard et al., 1999; Abe and Miura, 2002;
Rokas et al., 2002; Zhu et al., 2007) , P EAH L
2 5 5 ., Aylacini j&. Eschatocerini J%.
Diplolepidini &A1 Synergini Ji& 3= B 3E 17 7= M M A=
5# (arrhenotoky ) (R Z K& 9N & B AHEHEAE) , 76
Aylacini J& 1 Diplolepidini J& # g’ — L6 Fp 28 47
7= M 9K ME A= 5E ( thelyotoky ) ; Pediaspidili & FI
Cynipini & F 2 & J& ] ¥ 19 908 4= 55 ( cyclical
parthenogenesis ) ( FIME A= 78 AR 5 P 14 A 7 AR 5
BRE), A —SFh 28 ™ M IHE A 5 (Askew,
1984 ; Liljeblad and Ronquist, 1998;
1999b; Atkinson et al., 2002; Stone et al., 2002),
BT B —Le T FEHESE ,, Aylacini &l Diplolepidini &
— S 7 I ICHE A= 7 b 28 B IME A 7B 5 Wolbachia %
YJAH % (Plantard et al., 1998, 1999) , %fF Cynipini
R 7= MEDRME A= 58, Abe (1986) J% Stone % (2002 )
AN BES Wolbachia FFLHEAE %, B Wolbachia 1
SO, TS 0] S e R A 7 b 96 P A i AR
4. R, BARE &I Andricus mukaigawae ( Abe
and Miura, 2002 ) F1 ZE 2 ¥ Dryocosmus kuriphilus
(Zhu et al., 2007 )% Cynipini Ji& . 5 f74E Wolbachia
R, (BB 4 R R B Wolbachia H)ILHE 518
F 7 MEPME AR B TC R

KL PEE Andricus mairei Kieffer J& 5214V Bt
P % J%¢ ( Cynipini ), 2F F 4 8 W H0 AR Quercus
glandulifera var. brevipetiolata Nakai, T HZEEH F
Mk BIERLHUBE, Kieffer (1906 ) 4K % B H [ 5t
M B o P R K A B 4 T IR R
Parandricus mairei Kieffer ( Dalla Torre and Kieffer,
1910) , Melika FiI Abrahamson (2002) 7F JH & B8 i
TR JB G o3 2 mf, NN B J& Parandricus
Kieffer( 1906 ) [ 2}y %2 2 #% J& Andricus Hartig (1840)
W 5 4. PR C M 300 R (Abe er al.,
2007) , ZEMRBHED ML A & E LR RUERZ
FEH) M 2 (Stone and Cook, 1998; Melika and
Abrahamson, 2002) , 7 [ % # & 5 5t i ik K7
YERR Q. dentata W |78 B HUBR ) 6 75 %2 L% A
formosanus (Tang et al., 2009 ) 22 E0E & E. A Fh
AR BARTEX B F . B El &

Ronquist,
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KU R ABPHRAE T 22 AL b e, FE3RA8 bk
W, FIFH Wolbachia ) wsp R ¥ 7519, &L
PCR #9748 T HE M H B, ME T HMWEREF B
DNA J¥51], {IESE T 2% [ SRR Py Wolbachia f#)3
Ao Tt 5 AR AL i H At B 28 Wolbachia )
wsp FEH P I — LR, WET RE X T,
WixE T H Wolbachia Wy 3EAL AL, i — 2P BFR
Wolbachia %13 [& 2 i A= 58 s i SR 1 T 260

1 HRSE

1.1 #HAERE

Z AR BB T 2011 48 5 AR AWM &
B RMERH (R 1), FFHEYE N EREHE
Quercus glandulifera var. brevipetiolata Nakai, 3% 4E
PR T E R AT ETHREENRA, 5 A,
T BRI, AR R PSR PSR S EER
W, BRAET —40°C HRIR VKR £ o
1.2 & DNA gJ12E

B IR0 3 AR A L 4% 20 kAN
BLHLAS 10 SAMA, DUBAUK YRS, AR5 LAMES B3
frsy 7 ¥ H B T34 100 pL STE 2% #h ¥ (100
mmol/L NaCl, 10 mmol/L Tris-HCI, 1 mmol/L
EDTA, pH8.0) 1.5 mL B.LOERN, BHBHE
HIA 10 WL 10% i SDS k3 & & F B K (20 mg/
mL) 2 pL, JEFIRAE 37CHR& ., BN 100 pL i
PCL[ %Wy @0y A = 25:24: 1 (viviv) 1442,
5 000 r/min Z.0> 10 min, B EEW, i 100 pL PCL
AR, 5000 r/min B0 10 min, B EVEW, fN
10 uL EEER 84 (3 mol/L) 1 250 uL Jo/K Z B F
-20CF %, 5°C 14 000 r/min B> 20 min, FF F
T BN 75% ¥ 2%, 5C 14 000 r/min B
020 min, F FIEW, THEN S0 pL TE ik
fit, -4CHRAF.
1.3  Wolbachia B wsp EFE F B8 PCR ¥ 1% &
il

Wolbachia ] wsp 3 A F BRI R R 510 N
wsp81F ( 5'-TGGTCCAATAAGTGATGAAGAAAC-3")
- wsp691R ( 5'-AAAAATTAAACGCTACTCCA-3")
(Zhou et al., 1998) , PCR ¥ #4{& KK 25 uL, fUIE
18 wL H,0, 1 uL BEAR DNA, 2.5 uL 10 x buffer,
1 wL dNTPs (2.5 mmol/L), F¥#FHITHEGI4 (10
(mol/L) £ 1 pL, 1 pL Taq DNA B & (2.0 U/
pl) o ¥R 95C AR M 3 min , 95C 30 s,

52°C 30 s, 72°C 1 min , 3£ 35 MEIF, TBHRERG
72°CHESH 7 min,

HUPCR ¥ 174 5 wL SAET 1. 0% 3 ahl
B, SRIGET 0.5 x TBE Z Pl ik, BEN
70V, BJKEf[E]Z) 45 min, HIK)E IR Z 58 G
8, BER R R G R S5 198 6. DNA 73
TBARMEY) SN D2000 Marker ( ¥ RIRAEY A H]),
LAS L Wolbachia S BATEXY R (Zhu et al., 2007) ,
2K AN R
1.4 Wolbachia ) wsp BB F & FF 5 E R 53

¥ HEE Fr Bery PCR =¥ lElik ., 4hifk, A5
5 pMDI8-T ik iE £, B AIRZE KRBT E
Escherichia coli WP, ik PHMETERE, BEYLPRIE 3 T8
K, ZHACFEERREREARA R HFTIUGWT . &
FPREIT 3 SkAME, UH U750,

M\ NCBI W3k T 2 Big Rl B . Wolbachia 1) wsp
FEHEFF, A H Blast THF#FFT—BMEE, £
i Clustal X 2. 0 %5 {4 ¥ A< 1 58 3K 45 19 77 51 LA I
GenBank H H.fth 2 % Wolbachia 1) wsp 3£ K 47 ¢
FIEEHES . W TN S 74 ~ 111, 214 ~ 252
1518 ~584 fif 3 XIS BRI IR MEAETE L X,
I Braig 4£(1998) J Rokas %£(2002) , 7£/5 4L
SrHT HERR T X 3 AN X, /4 Model-Test
3.7 BEACBE AL 2 A AT IR L, KPR AIC (Akaike
Information Criterion) ¥R, i AIC {H 5/ LAY
TR AR, A HEF 4T 6 5 R )3 50 B0 A
PAUP 4. 0 %k {4, %c & KL% ¥ ( maximum
likelihood, ML) & 31E B, SR)5HRTE Model-Test
3.7 AL EL K Leet (HiX BHRXRSH, #H1T
1 000¥k B 5 % | ( bootstrap replication ) , FH & KM
SRIEME ML RGN, [RIRF, K HEF 5 i3 7 5]
BHE i A MEGA 5. 0 %4, ##E Kimura’ s 2-
parameter AR B AL IR B, K% Model-Test 3.7
BAH AR E Gamma S, #1471 000 (R 57
S, i P 4B AL HH % ¥k ( neighbor-joining method ) 14
# NJ RGht,

2 HRESH

2.1 Z R B R R R dE b

% BB R A W) A /D, SCRRIGE B
FEAMEE, T 5 HpaPfl, 7t aas st
Do FMTREILAFREBI R & Kb, bR &
HRPHIA R B, RAEN B N2, 2D
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B SUNRIEIE =4 . HF F R ERIENE Quercus
glandulifera var. brevipetiolata Nakai, 7E3F FHIF %
T ETEFERERAE (A 1), B8RS
30 NP ERHCE, R KRR B AR OB
BEAE839.3+7.7 (mean +SD, n=3) . 36.6 +

2.7 (n=5)#133.326.7 (n=4), EHMETS5 H
FRAREFHEE, TS5 Ad. TAPLIRE,
FEFH L U AR AR A ME SR 5 5 15. 3%,
12.1% 1 19.8% (K 1), ¥RIAH A B R

P 55

x1 ERTEERFORERFS . WL B Wolbachia HIREE
Table 1 Collecting data, sex ratios, and Wolbachia infection rates in Andricus mairei populations sampled

SRAR I 6]

RS RARH LB (°N) ZBE(°E) il s B W e TRPR(%)
ollecting date
Population Code  Collecting locality Latitude Longitude 5 Number of galls  Female:male Infection rate
(year-month-day)

13:72 100 10) §

YY L 29.22 113.06 2011-5-15 ) (%) (10)
Yueyang, Hunan (15.3% )T 100 (& ) (20)

w 20:145 100 10

CS WD 28.12 112.59 2011-5-06 5 ¢8O
Changsha, Hunan (12.1%) 100 (& ) (20)

16:65 80 10

SY Ll 27.14 111.28 2011-5-12 4 w82 U
Shaoyang, Hunan (19.8%) 100 (& ) (20)

THEMEEZR Percentage of females; © 35 Py% 5+ PCR 4l E2 H1%% Numbers in parentheses indicate the number of insects tested in PCR.

Bl 2 PR A B A R
Fig. 1 The gall and adult of Andricus mairei on
Quercus glandulifera var. brevipetiolata

A: REHHHE Young gall; B: iZHUBE Mature gall; C. #EfRHt
Female adult; D; #EF{H Male adult.

2.2 ZELEY¥ED Wolbachia B3

i F§ Wolbachia W) wsp 2R 55254 81F FiI
691R, 43 3I%t 2 (R A RN 3 FPAEME RS 10 kM4
HERUE 20 SkAMAREAT T PCR I, ¥3R18 T KE
Zj3h 600 bp FFH F Bt, IESL T Wolbachia #£3 [X

EERNERY., FIISTNERER, HH.
KU RABHFE Wolbachia B wsp F& R FF 51H< BE 1
24561 bp, HF%5%E 42—, E#3 GenBank ¥
W, B%5 2 INT10456,, 3 NFAEERME. HERUR S,
- FE e R O G PR BRI 6 80% Z 51, HoAth¥
100% (%1, E2),

M DK YY CS SY NC

ERZEERHYY) ., K¥(CS) . BRFH(SY)
FpEE Wolbachia W) wsp FH Bty PCR P 1
Fig. 2 The PCR amplification of the wsp gene fragment of
Wolbachia in Yueyang (YY), Changsha (CS) and
Shaoyang (SY) populations of Andricus mairei
M: DNA 4+ F 47 % DNA molecular weight marker; DK 5t i
Dryocosmus kuriphilus; NC: BA#:%tH& (7K ) Negative control (water).

& 2

2.3 ZFRREESTCMEE Wolbachia i wsp £
B 5 —3iE

{# F NCBI W3 1) Blast T, X3 [C22 i
GenBank B % 57 ff 88 i I HoAih AR et BB AR 2R 19
Wolbachia W) wsp 2R JFH AT T —B 4 (R
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2), FREEEERH. KV RXEFHFEE Wolbachia
) wsp ZER B3 58 & —3, S5HAEE Wolbachia
) wsp 2 B 5 — B A T 80% ~95% Z )5 5

Cynipini &[] Neuroterus macropterus, Biorhiza pallida

F Andricus solitarius ( strain 1) DA J Synergini ji& f]
Synergus crassicornis &Yt ] Wolbachia B %5 —
5, N 95% ; 5 Synergini J& ) Ceroptres cerri ff]—
B AR, U 80% o

F2 ZRTEESCHEE Wolbachia 1) wsp B EFF 5B — B LB
Table 2 Sequence identity of the wsp gene of Wolbachia from Andricus mairei with other species of Cynipidae

Bt s A

CES e

HER M Al 5eh (% ) , GenBank %35 B4 3Hk
Host insects Number of Sequence identity Reproductive GenBank accession no. References
nucleotides mode of host
Andricus mairei 561 - * JN710456 -
Callirhytis glandium 594 94 Ccp AY095156 Rokas et al., 2002
Synergus gallaepomiformis 588 94 A AY095155 Rokas et al., 2002
Andricus solitarius strain 1 564 95 (014 AY095153 Rokas et al., 2002
Biorhiza pallida 564 95 Ccp AF339629 Rokas et al., 2002
Neuroterus macropterus 564 95 AY095152 Rokas et al., 2002
Synergus crassicornis 564 95 A AY095154 Rokas et al., 2002
Andricus solitarius strain 2 573 83 CP AY095151 Rokas et al., 2002
A. solitarius strain 3 576 83 CP AY095150 Rokas et al., 2002
Synergus diaphanus 576 83 A AY095148 Rokas et al., 2002
Synergus reinhardi 576 83 A AY095147 Rokas et al., 2002
Synergus umbraculus 576 83 A AY095149 Rokas et al., 2002
Plagiotrochus quercusilicis 546 82 T AY095158 Rokas et al., 2002
Dryocosmus kuriphilus 573 85 T DQ493720 Zhu et al., 2007
Ceroptres cerri 540 80 A AY095157 Rokas et al., 2002

CP: JAJPEINMELESH Cylic parthenogenesis; A: J*HEJIMELEFH Arrhenotoky; T: = MEfIMELESH Thelytoky; = : AU MEIRMEASH , 275 4 H

P IMEAE 545 FFSE Not known whether there exists CP.

ffi il MEGA #k 4 F3 NJ J5 i Ffili il PAUP k{4
ML SR T REREWN. FKEHK N
ML REMER— LN D LA ERMERZ N, —
BRA T, BMAPFRNE R T NI RGER (E
3). BHE 4 ) NJ REW AT A, BR Synergini Ji% )
Ceroptres cerri J&T B B (B group) Z b, BRI Y
Wolbachia ¥JJ& T A #f (A group) . F [REBEKES
Cynipini J& N.
solitarius (strain 1) J¢ Synergini & S. crassicornis J&&%

YL ¥ Wolbachia G TER—43 % o
3 iFig

AW 5% 38 155 Wolbachia A7 [ 2 H wsp B
PCR 43 J JF 5 Ml sE T 2% R HIH . Kb

macropterus, B. pallida F1 A.

TR BE R M | HE JR R B FEAE Wolbachia B2,
BB BH AR R L PR B 20 80% Z 4, HAth ¥R
100% , HFTl wsp ZEEFF)56 42— HT wsp B
R FIMETHREREM, &£ RZHEE
Wolbachia J& T A #f, 5 Cynipini #& B N.
macropterus, B. pallida F1 A. solitarius (strain 1) [}
J Synergini J&f] S. crassicornis JEY% ] Wolbachia 2
BIER—73 o

P TR EUE TR B R ZEAR R . SRR S5 R
Yy BRSPS B HUBE, EIARZEZ) 1 000 B,
)& 26 JB, FEE A B INME AR FE ( cyclical
parthenogenesis ) By} {432 & ( heterogony ) , B 14
HACFITC AR S B & A (Askew, 1984 ; Ronquist,
1999a, 1999b; Pujade-Villar et al., 2001; Stone et
al., 2002) , FREZEESL, B XCH H MR, [ H
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54

I

Trichogramma semblidis AF245162
Ephestia kuehniella AF071911

I Outgroup

Andricus mairei JN710456
Andricus solitarius strain 1 AY095153
Biorhiza pallida AF339629

94 6!

91 96

6

74

6

lr

4

99

100

Glossina morsitans AF020079
Neuroterus macropterus AY095152
Synergus crassicornis AY095154
Callirhytis glandium AY095156
Drosophila melanogaster AF020063
Synergus gallaepomiformis AY095155 A group
Andricus solitarius strain 2 AY095151
Andricus solitarius strain 3 AY095150
Drosophila simulans AF020068
Synergus diaphanus AY095148
Synergus reinhardi AY095147

Synergus umbraculus AY095149

Dryocosmus kuriphilus DQ493720

8

90

:

Plagiotrochus quercusilicis AY095158
Apoanagyrus diversicornis AF071916
Ceroptres cerri AY095157

Culex pipiens AF020061

B group

B3 RS H AL Wolbachia B wsp P RGEHMK R

Fig. 3 Phylogenetic relationship of wsp gene sequences of Wolbachia in Andricus mairei and other gall wasps

X FBCEHE R T 1 000 Y 3 S5 # i bootstrap { ; BB A /X Bl Fh 25, Numbers above branches are bootstrap values computed from 1 000

replications. Host species in bold are gall wasps.

HAuF e K B E /D B R A B B R S A
WA 58 ( Hebert, 1987; Suomalainen et al., 1987 ),
At A P DICME A 7 B USSR (A B ) N
[P , e T B SR A P AR T Pt AR ™ A% 3 52
BT, % 1VERRAE LA, RERs s
HIFFLE, RP—SERh38 1 42 P9 58 BUA E— ot S5 A
B, 14Kk 2 R (Askew, 1984) , {HZ, L —L&
PR R AU o HEAR, BEAT 7 M DI A 5
(Liljeblad and Ronquist, 1998; Ronquist, 1999a),
Abe(1986) K Stone 55 (2002 ) i 3¢ £ S 1 7 M
PRME A= FHAR A AT RE 5 Wolbachia WSLAEH K, B
Wolbachia P T BOA A FE A BRG . 18
g, BUESEA T FE YL Wolbachia ( Abe and
Miura, 2002 ; Rokas et al., 2002 ; Zhu et al., 2007),
KT, Rokas 45(2001, 2002 ) A5 i@ 7s —LL Rk e
Wolbachia B2 ¥ iR 28, U0 Andricus solitarius,
Biorhiza pallida F11 Callirhytis glandium , {576 HEPEAS
& H 3, Abe F1 Miura (2002) IESZ T Andricus
mukaigawae . Zhu 25 (2007 ) §IF 52 T ZE &K N 1EAE

Wolbachia, {H Wolbachia HJE:HL 5 15 3= B 7= ME DI HE
HEFEIF TR . ARG I ZE [ 3 Ry
HAT T WMEHE L, W] WL Wolbachia (354 3 K75 7
OB 7 MEIOME AR 5

SEH T Wolbachia %1745 53 490 A= 58 £ 3 38 1 9
55 2215 18 E WM TR AS 3£ Al ( Stouthamer et al.
1999) o /By Ry B (P ) FI R B L i L (M)
TR, SR EERRER, IR
o AU EYFPRUL S SRR WIET:, HX T
RS ] ) A P XU R B e R i, G 2
WEHG R & B R HE R, b D B B BT R R A
(' unidirectional
(Stouthamer et al., 1999) , R B4R, BT Wolbachia
ML ETE, B Wolbachia 55 B 1] Jfd A
SR A= B B AR - XA A ol 00 e 1A DL R AN
WHE o Mo, BRI R Wolbachia fME .,
B Z [E] FFLE B B B A SR AR ( bidirectional
cytoplasmic incompatibility ) I % ( Werren, 1997;
Stouthamer et al., 1999 ; Werren et al., 2008) , H%%

cytoplasmic incompatibility )
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REZFT R BT 100% 4 1t 1 ( Breeuwer and
Werren, 1990) , Dalla Torre #lI Kieffer (1910) X%
B [ B i BUBHEAT T i), SR8 R0 8 ki
G g ErE, I H S EOMEYE AT BT BUE A [F] 1)
Bt Weld (1952) ZRRIER B I 1 1922 KL% B
6 LA H A 1 ShMErE, RATRE M2 R B
A KU BB AR A M AR, BEA EEA
TRINE MEVE A, (AHEME LB 37 80% DL L, 517
SICEAMY G XN T E RS IR, it
B—AT Bsh ¥ (Werren, 1997 ; Stouthamer et al.,

1999; Werren et al., 2008), A 2 iER B &
(Plantard et al., 1998 ; Plantard et al., 1999 ; Rokas
et al., 2002) HRAHEIWH, W4, & RZEIER
X RR M L B2 = LR RIS R RE S
HOME | M B A B R IR R ) Wolbachia 5 56 (AN
R FIFEA L) 7 3% BeHA R — 2P

Bl ARE T AR LA K AR R AR
B RAMFER, ERRE,
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