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Current research trends on the entosymbiont Wolbachia in insects
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Abstract  Wolbachia pipientis is a common and maternally inherited endosymbiont that resides in the reproductive tissues
of many arthropods and nematodes. Recent surveys have found Wolbachia in over 66% of insect species. As a microbial
manipulator, Wolbachia can cause a number of reproductive alterations in its hosts, such as cytoplasmic incompatibility
(CI), inducing parthenogenesis (PI), feminization and male-killing. Considerable progress in research on Wolbachia has
been made in the past 10 years. In this paper, the biology of Wolbachia is reviewed, including its distribution, diversity,

genome , mitochondrial DNA polymorphism, horizontal gene transfer to hosts and phenotypic effects on host. Directions for

future research are also discussed.
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TS, HoAtl 8 A 2H 11 A1 8 Jay BRAZEAR /N 1 4
Mo AB2 N2 25 R S 1, TR B sh )
o3 A AR ), A0 45 kO 4K 1% 16 H ( Hoy
and Jeyaprakash, 2005; W 24, 2006) Fiig ik H
(Rowley et al. , 2004 ), B 52 4N ) & £ 4 H
( Vandekerckhove et al. , 1999 ) . ¥ JE2 H ( Cordaux
et al. , 2001) #1014 )& H (Nyiro et al. , 2002) , DI}
ERNmisE . w8 H S H S 12 4~ H
(Werren et al. , 2008) . F #2H /& 2002 -6 7 )
(Lo et al. , 2002) , /5 WAIFSE A B F B Y27 32
W AB 2 AN B R, AMUAEWRIE 49 (15 T2
H) (Baldo et al., 2007 ) 1L Ht 49 ( 9 B 13
HE#HEH. . EM4% 9 1~ H) (Rasgon and Scott,
2004; Lo et al., 2007; Panaram and Marshall,
2007 ) AT 3 A FEL U (g B ) A o A
(Keiser et al. , 2008) , J& H g & B89 M — — N 7E
TN B rh B S AT B 2 . C R D B ZH
HIE 2z i 2k vp A & B (Bandi et al. , 1998
Keiser et al. , 2008 ; Ferri et al. , 2011) , E#ZHH
e BN 4346 ( Vandekerckhove et al. , 1999
Czarnetzki and Tebbe, 2004 ) , G % 2H 75 & 47 1 ek
2 & B (Rowley et al. , 2004) {HZ G AW
W — BAPEA L, F 2R RTE T Ik G
A wsp FR B R RBARTZEHRSE .
FraW], G MAMRAT e A B 2 M4 M E 4K,
A J& — >l 57 B9 #8 4 ( Baldo and Werren,
2007) ., H 2 H LRS- H iy AR I
AL T NI S
Zootermopsis angusticollis 2 Ff B W F 4 A
( Bordenstein and Rosengaus, 2005) , 1 #8407 % H
BHR A A% 1Z 54 (Gorham et al., 2003;
Dittmar and Whiting, 2004 ) ,J #4 H RN AE 41
XU 2k B Dipetalonema gracile W %% Pi ( Casiraghi
et al. , 2004) ,3X 2 ELL FAR K IR (H
ML 3B el A B 7€ (Ros et al. , 2009) . K
IR BT R IR — S HE, Ay 322 W H % 6
JEBIHFP (Ros et al. , 2009)

i er BE A B 0 g2 1 o A, B T
Wolbachia 75 it 4 Flt 28 B 2t rp i L R K 29 2y
66% , j&= B W oy A 0 T kA |
( Hilgenboecker et al. , 2008) , [ FH BT 5E HIAS
WHRA , Wolbachia 1) Y5 B AW K

Zootermopsis  nevadensis

2 Wolbachia 332 £ 820

VR — B it N 4 B, Wolbachia RER% HAG Q0
110 P <13 e S NG 5= M 3 = e = = B U E
A FATEAT R, B A AR v S L A
AF FE PP R A ) R R, SRR
75 5 A AN S R A T 2B ok TR TR ) P A
A, DLIR B 7E 25 R RE sl /0 H
Wolbachia X 2§ F2 A5 FZA4 LU JLAS 710 .

2.1 FEMEMERAFEN

WS 4 M B A E O ( cytoplasmic
incompatibility , CI) & Wolbachia X} %F £ A 1T H
IR UL —Fh B2, TR BE Wolbachia JEY (1) i
PEA AR R B 10 P A, B R AN ] S A
Wolbachia B RS E A RESAR = A J5 18
MG . CTAE I ) e A A Rl B o B
TRK I EFAL S, FEAR XD EIEFY, Wolbachia RE
g B AE A P BE P 9T 5K ( Engelstadter and
Telschow, 2009) , CI{fFH7E## H 3 H | [F]eH
H.O3U# H. 83 H., B8 B % R 3 (Giordano
et al. , 1997; Werren and O’ Neill, 1997 ; K4+ &
&5 2002 ; Bordenstein et al. , 2003) th 357 & W,
AR, 7F — S % 2K ( Gotoh et al. , 2007 ) . W Wk
( Breeuwer, 1997) 145 /& H 1% ( Rousset et al. ,
1992) s A5 % 81,

AR, A VE I SE R , ok A AR
FIERAS 1) A= 5 240 B DA% E R G 5 — A 24 43 340t
PN R BE AL BB ET R, A
225y S4RT ok A SCA YL Wolbachia (14 5 41 Y
T A% BB A AT s P (R 98 5 Tk A BRAS 119 A Bl
AN IR 5 TP 3, AR e (0 SO BE DR A M e 4, 0T
HEFNTEARIE AR 15 5 91, ACAS e 8 AR 8 43 I,
SR EE L. I R 40 i AR 2257
S 40 e J 4 AR R R 1 ( Cd kel ) B80T DY SE
IR AR AT e B A= 5 240 il 5 30 7 Js 0 S AL
FEAE I HED , Wolbachia W] RS Cdk1 (30 A 5%
(Reed and Werren, 1995; Callaini et al. , 1997;
Tram and Sullivan, 2002; Tram et al. , 2006) ., %
IS B, A R A iR e, S g e i A1
KA H3. 3/H4 525 TR 4R , X
AR AT RS2 A e 6044 TC VR W 4 1 D IR, IR Sy 4 2
1 H3.3/H4 5 & RMDTRE & £ 7E Cdkl fEH
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Z 17 (Landmann et al. , 2009)

JREAC AR Z (B2 CTAEHIR 73 F Bl
A RARTERE (Serbus et al. , 2008) . A W5
] Wolbachia [F)JEYe 2 T EUR R Hira & H 1 ¥4
SERIKT B E MG, Hira FEP 248 3N %
PN —A g s R, FE SRR D, Hira BRI 2878
2 R EOIE A U A0 ARORS 1 40 MR A BE 5 4 2 vk
a5, JE T BRSO & B R W, Wolbachia AR 7] fig
TR IE AL AT Hira FEPR ) 263500 SR 0G0 40
W% 7 Az 5 ), g TS BOH 5 A A W] e B
Wolbachia W1 % 4= C1 814, ifi H., ¢ Hira %
PRI 78 1) IR Jif & & 1 1 400 AT AU %€ 31 e 0 Jo
7 X Fp e i AE CL LR 2 AE IR — IR
225y B A I, DU, Hire KRS
Wolbachia F:E /) CL B A7 ¢ (HRTN 4F 55, 2008 ;
Zheng et al. , 2011) . {H Hira F:[H 38 15K FEAK
Y5 Wolbachia 3 FE WK - 1 52 W) 22 18] 7776 (B AE 1Y
R IEA T — LY

X CUAE i B, B iR i 422 52 1) W At
J& Werren 1 O’ Neill (1997 ) # i 19 “ & i
( modification ) —%F 1E (rescue ) " #5581 . ZE KA Ky
TEAE TS E N 1) Wolbachia ¥ % B TG T B A
AT, AT O 40 M b A7 7 R [ =R 825 2L Y
Wolbachia 7 RERF IE X P M. TS 701N R “ 18
VR AE” BE ) 32 2 6 s A5 O BT B
WSz FEAL (Charlat et al. , 2005) . fix RYBFFEHUE
H1'T Wolbachia AN[FE#E B4 5“8 B fEHIZ
G & o0 2 2%, = Z M 7 52w, i H.
Wolbachia X} XA 3545 4) J51 (1) 5 el RE A 4 S AR A< I
], £ 20Kt Wolbachia SRS T h S BR IS , X
FhE2 Wi 1A B 9% FF 22 ( Duron and Weill, 2006;
Zabalou et al. , 2008 ; Atyame et al. , 2011)

2.2 FSAEEE

Wolbachia B& % 5 3 2 32 #F 17 I M 2E 54
( parthenogenesis inducing, PI) , {HiX Fi/E A CI
PE T 8% i, A & B 7E — 28 2F A= i ( Zchori-Fein
et al. , 1995, and Mak, 2002;
Pannebakker et al. , 2004 ) | %] & ( Arakaki et al. ,
2001) Fil— 28824 ( Weeks and Breeuwer, 2001) i1
FAE

ZFh A g B RR IR B e R G, BIR
SEAT I FRLRE A BT 200 M0 K 7 G P e IO A

Stouthamer

B AR OR (RUREAR) B OMEPE . T x ke
PI-Wolbachia F) it 25 A5 4R 15, i 14 F5 A XA 7
AP T 2 TC FH B 248 A9 524

5 CI fE AR, Wolbachia 75 59T £E 5 1) I
PR A A= TR G 4 & 1 R0, 78 R 32 K5 1 O
HRHATHE — KA 2257 240, Wolbachia 3 32 5 Fi
PHPEALH TR 1 A BEAT 0 40 R, AR AR
WA 2 A B R A A M ) o R e 4 H AR
T 1A AR F LA (Werren et al. , 2008) ,
R AR R A A0 M P DL B4 R B ErE, 3
FEARIAY 27 2 B drp PR AL A T AR . AR IR
W Trichogramma sp. F1BEEWE Leptopilina clavipes TF
RIS 1 U 240 i B v, 40 2405 i 72 5%
Fk, PR T LA AR R R A, A 2 I
Y2 BGRB8 4 M8 4% ( Pannebakker et al. |
2004 ) , 1M 4 /N W B 25 42 ¥ Muscidifurax uniraptor
MR IRNG B 5 1 WA 2253 24E W 58, B2 )5 2
AR IR AR KA T RS TE T A AR
M Hi% (Gottlieb et al. , 2002)

1E PI-Wolbachia [BIRa 8 10 77 A e Fh R, 248
WAEBEE MEPEYEDN REFR 4> 2R G . B 280t
SEHC, BN B A BE 55 T B IE A HE TR A RS
TiE4T Z K T I 2 K BF (Jeong and Stouthamer,
2005; 2009; Russell and
Stouthamer, 2011) ., Wolbachia 755 77 R W&y~ i I
WA B AR B U U B A T T DI A - 7 I
AR B A 2R IR e I S 2 e, LA B v Y R
BEARFN = OIRE J7, ] LR Rl /b i R e idg e it
F TN 5 A A 52 T Al RE 7 A E R S AR
PRI B 25 ) R AR % B8 T F BT AR B 0F S A R
T 2 HIR S A FH TR R R ) A S RN Al B Y
R L (T L5 ,2007a) o

2.3 i

e Ak (feminizaiton ) VE 38 Wolbachia 38 1
BERDVRFESATL ) el 58 LRI A Ay e P 18 A 3 B o — s
MEVEAORAE . EPEAAE T B P 7E 55 1 H sh bk
B ST 43 B g A B, A s U K
W& Ostrinia fumacalis( Kageyama et al. , 1998) |G #F
WY IR Ostrinia scapulalis( Kageyama et al. , 2000) | %
AW Eurema hecabe ( Hiroki et al. | 2002) F1i:
W Zyginidia pullula( Negri et al. , 2006) , B, 1F
ANTF A AF b, MEE AL IR LA BT AN A, A

Kremer et al.
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2 B, Wolbachia TE e i £ 1 R 9 Y 3
BB MERRIE R, DR sz 2, S 8L ok
e B R & B BOME P ( Vandekerckhove et al. |
2003) , Xf T B AR, Wolbachia MEVEACAE FHIAL
HAANIERE

Negri 55 (2006 ) i 5% & 9, J& YL Wolbachia ()
WEPEMA 7. pullula , A —FR 535250 T & METE 1L
ARV o 7 3K Ol E P A 1 S A v A BB 20
KB PS4 5 RN 4 B 25 7 DD L4540 i R
PAf A T IR AR iX SR W] Wolbachia (1))
Yoo T EO DT S T B8 A% IR BN B A e 5T 1)
B AHIX 5 Wolbachia WEVEALAE FH 2Z 18] (43K R 8
1t — 5% (Negri et al. , 2008) .

2.4 RIEER

FE A A AR I s Wy b i i A M Re i 5 | H
A FEHEMEIE IR B4l A FE T, X B VR PR o
HEfE T (male killing) , 2% MEAE ] 25 5 2oar £ RE
R e L O 5 o Wolbachia 51362 1) A8 BEEAE HIHH &
PAE 8 W H (Hurst et al., 1999; Fialho and
Stevens, 2000) . ¥3# H ( Dyer and Jaenike, 2004 ) |
W5 H (Hurst et al. , 1999; Jiggins et al. , 2000;
Morinoto et al. , 2001 ; Mitsuhashi et al. , 2004 ) B
Hopg SRMEVE AT 2 R 2, S I3 5% A A G 40 %
M, SHAMESS 0902 & AR AR WG & B B R e
VERT, BRS04 2 2 A5 1 40 1R B il 0 1 5%
HEAEF o 57300 R i 30 % M #E Wolbachia 51 1 5%
THEVE T h#8A &F1 (Jaenike, 2007) . Wolbachia 5|
AR 53 ERERE R A, HEA
LT H AR AT A

2.5 Wolbachia 5% EH)EFNR B

— H AR BB AR R BT Wolbachia 53 3 1Y
KERHR G 2 M AEFETG S0 A C . HEGH B9 &
B, Wolbachia 527 EHEFMABHBACHR, filln,
TEH W Asobara tabida U RW8 Drosophila simulans |
B ML Ades aegypti F, Wolbachia 25 T 35 F 1)
BRPEF (R B (Kremer or al. | 2000) , 7F % 2
BREFEINE BT, Wolbachia REfE TS B35 38
& S48 Drosophila melanogaster $& 5 7= 99 11, 2 M
Wolbachia AR 7] REAERELRHE IR B SR 2 5 T
ZF I i85 37 ( Brownlie et al. , 2009)

2.6 Wolbachia 33 HIRIP1ERH
B T A B RV 2 b, Wolbachia .68k —

S H 2F AR

wMelCS T #k Fl wMelPop B ik 15 2F 1 5 i 52
FIRME C g BE 5 HIG B R0 R I R BE0S 75 55 RNA
W BE R ZEMT, RIS I 22 2F £ (WAL T (Hedges et al. |
2008 ; Teixeira et al. , 2008) , 4h, ¥ wMelPop
RN T Qe B S AP Aedes aegypti J7 , BEASFEAIG
B BE A AT ALl e Ve B, DL O R
A HAE B R N S AT SR R L 1Y BE
(McMeniman et al. , 2009 ; Moreira et al. , 2009) ,
RUETEREYL T wMelPop 1 £k 1) Wolbachia 1) ¥ -F
HOR BT A S 50 R T RE B R B4, (H 2
Wolbachia 5 3% %6 B Uk R 2 6] A 52 L HIL G 38 AN T
%E (Moreira et al. , 2009) . W H, Haj H &AL ixX 2
DR EA HZEIIRE , & 5 T A 3k Wolbachia #f
HAMIIRE, DL BE 06 52 mi (1 Bt 25 1 31 [ #
BAVEEE (Osborne et al. , 2009)

X BERIFSE SR A WAL 50 1 B 6 S A TR
FB, HRA T 28% 0BT 1K KSR
Wolbachia ,({BJ& 7 RE % 1% & N & B0 T4 1y 1) i
2, AR B AL 1R BRI S L Aedes aegypri
WA . IR, FF wAlb FERE (H AP E
Aedes albopictus) N T 5% 4L 5|5 AR P J5 |, BRI
TR FETE R A N 1 S R NG RE, S
ARG B B R R K PO LG, B T Wolbachia
3R K G WAL 46 i B B9 T ) R R 58 ( Bian
et al. , 2010) . ¥4 BEAE 47 1 2 £ 75 A 1 wMelPop
R ( HSRPF 3 Drosophila melanogaster) N T.%& 4t
B LU, B b SR 5 A 4 T — 2,
Wolbachia {AFFEALIPH] T BT RN 22 L K EH
(Kambris et al. , 2009)

2.7 Wolbachia 338 R E b 2500

bR T Lk s Sh, Wolbachia i G481 5 M P
AL FE I FEYEAE T ) (3RS 45 ,2002) , i AT H
FEZF BRI LR MY 8. BLoh, BEE IR
KW FEFIVR A, Wolbachia Xt 2 3 22 75 TH B 5% 1
W AR 7~ o A1 Wolbachia &Y RENS 35 2 &
UL SRR ) RLDE SN FE T, SRR A N (%) Wolbachia %%
JEE B R, Wb 2 I fig R, Wolbachia W] B 13 1
9 2 MR A O 5 PR 1 3R o A T Y MELBE I
I AE ST (B2 E R, 2009) 11 X T4 P o
MR 84 Sk 3, Wolbachia 13 Y% 1 4] 91565 23 3 1) MRUBE 35
JC IR e 2 67 T 1), H Bt A AR 3 o
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TR 223 W1 2k (6 5 2155 ,2007b ) o

2.8 Wolbachia 5F £ X RZHEL

TERAIA Y ALt B b, Wolbachia JE 18T Wi FH
AR < T 2% HUAY 32 b Y e M A A e 3
Y7 ER R A ST AUA kR UL, AR
Wolbachia 2B K B I8 22 , WG & & 5
FEBFOT, B R W], Wolbachia BEfE A4k H
AR E R WML R A H K, DA
S PEE R TR I T A5 1 — 2246 5 ) ( Foster et al.
2005 ; Fenn and Blaxter, 2006) ., %345 B 2 7F
T i sh ) af £k U, Wolbachia 5 HoAtlh—SE R
i WO 2 S AR I ) L ) B e A T — 2 — A
FEPENILAE TR, B AT AR F 32 58 MU R A T
AR, 683 FRN Y Wolbachia , 7] DL g H:
XA AR TEAT NI o IR 4, 33 P b SR g v B
— PR NEWE? Wolbachia 57§ 32 3¢ R 1AL
J5 18] Un{af W2 Mercot A1 Poinsot ( 2009 ) i i Xt
Wolbachia & 53 37 R FE 5019 43 ik A, Wolbachia 1)
L [A] 4R S T RE 2 — Fh 55 AR Bl A OC Y 40 i P S A=
W o JFINR Wolbachia 525 F R ML T 3
BB e, I A W AR A I LU, 8
o H A B ALY 1 5, 2 K 3 0 8
b, LR 25 5 B IR A Rk B AN R Bk R
5, 5 FRMEEW ERIE R, HE,
TR Wolbachia H 545 27 I8 i 5. H) 2 A= 11
KE, HER A —Fh & B iR A BEE &
BT AT (HIK) Folsomia candida Fil
W H B 1 Fh & Asobara tabida 13t , Wolbachia
SEH AW F G A 2 2 55 AF (Dedeine et al.
2001, 2005; Timmermans and Ellers, 2009 ) , iX %
T 2 B2 6, Wolbachia 4R B F 75 3¢
PR — R L AL AR TR, JX SEHF 5T Mercot 91
YR T —E Bk, SR, T RE LT A
R Z GG RSN, H T Wolbachia PN 2H
(] ) 2R 8 38 Ak G R AT AR W (Lo et al. , 20025
2007) , R XF Wolbachia 5 7 3 2 18] i) 5 55 18 4k
K ZR AT IE 5 R ISR TAE

3  Wolbachia EE AR

2004 AF, B 5T N GLOSE R T wMel T BE
Wolbachia 1] 4= 3 [F 21 Jy 51 (%) I % 1 {3 B (Wu
et al. , 2004) , kx5 Wolbachia (793 H 4 WF 5% 3

AT —HBr B, BRTE 58 a4 JE B 4y 30 i
FERBE LA wBm E AR (Foster et al. , 2005) .
wPip B ¥k ( Klasson et al., 2008 ). wRi IS
(Klasson et al. , 2009) , HIIL K HEA(F B UL 1
JiR. AN, B A A B A 5 AR
M1 TR, LR O 25 689 Wolbachia )
PRIZH HAT A0 R R A

3.1 EFENHEEARBEX

RS- MEEZAEY DT AR E
1, RERS A AR 1 2 8] A B L (B AE 4 b O
A2, I, A7 572K Wolbachia JE I8 4H i
H H G X AR ] BEAE I8 45 Wolbachia 5 27 FAHH.
YEM 5 A2 A/E ] ( Tram and Sullivan, 2002)

3.2 SE—TEHENREAREX

Masui %5 (2000) 7E wPip Rk Wolbachia H i IX
RIT WERRIAELE, Ifar 44 WO BETR R, D5
2B WO BER K12 5347 T Wolbachia B 20,
WERT LA IR X A 2] Wolbachia Yo, g
DI AR A A AR AE T 40 M 5t o (Fujii et al.
2004) , ECA ) 3 4> Wolbachia KR HEHF A,
HRRIL T AR B WA R B IX . fE—S IR
WA A 1Y) Wolbachia Wt 5 I 31 7 0 7 1% 1) A7
16, XS oy K B H B H SCH H 3 H M
FEH H A7 28 WO I3 T 14 AT B2 AR Y Wolbachia (1)
LV (RTINS, 2010) o WERAHA IR T fE
P57 o L R 5 A 5 Wolbachia 3 R 4H /Y i 4k,
SR HE Wolbachia 35t 4% 3E 40 09 W] % 3h st 4% K F 2
—o Wolbachia JBIEY% IR G 19 A7 (8 05 PR AR 76 A [F]
PRI IE R AT g, TEEF R b &k
BT IRGL A —2F B T AR AL Wolbachia TR #E
[i) PR TR A R B S (Masui et al. , 2000) .

3.3 SHHEIBENRBNFT

FEPRAH v A A 2 B 194 A ¥ 41 (insertion
sequence, IS) ,wMel B £RFE R 2H A Y 45 4~ 1S 43
BJE T 7 A 1S G5 s wPip ERIE ALY 116 4>
IS 7351 J& 3+ 8 4> IS ik ,wRi [E kAL A 2H rp i) 126
IS 435lJE T 11 A 1S K. 1S 7 wMel B AR AN
wPip TR R 2H v 08 70 A1 2 AN AH & 1Y, AR
K HF— IS KR 1S W Z RFFTEIR K25 57, %
B3k 26 1S PRI 7R HCUT Y I ) A A B B PR 4 v
(), 808 1S PFTEd sk it A2 v (9 e sl Fn 25 2k R 3L
TiX 2 DE#EH IS A TE (Klasson et al. 2008) .
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HEFREAKLH PR KX IS R gES
Wolbachia 1555 (%) 9N ME A 5 AE A 5& (R BUIE 45,
2010) .,

3.4 GFHEEXENEEFRT!

wMel FI wPip PR FE K 20 A7 AE — 2 LU 1
TG, H AR 202 % e R ¥, 3 S8 7 JAE IR -7
FEP A AR AT RS A T R Y [ U 2
frmio XAEHAL B EAHEE X, o 5L H A
5 T REPR 2H B AT S R AR T A R
AL B HL ] ( Foster et al. , 2005; Brownlie and
0’ Neill, 2006)

3.5 BEHEREBRSHEM

Wolbachia 1% P 20 HLAT . 35 (9 A% TR 22 B
PEo FEREER I ZFEETE 6% ~9% (Baldo et al. |
2006) ; J5 Wi B OMA B 2 M M AE 30% DL B
(Bordenstein and Wernegreen, 2004 ) , wsp %K £
FEME Ik 43% L I (Baldo et al. , 2005) .

U4k, g5 D B4l wBm Wk Wolbachia
FEPI A LA AT LUt 70 5 DR 20 RN W A4
53 ARE RIS IVNG R TIESiL i S & -
FPA SR I, DL B 25 10 3 D RBRES S
wBm WARFFEE R R 22 5 . X 2622 AR ] BB
H5EHFETRILACRZN wBm BHE LK TS5
T 5 25 AR A P 0 AH DGk PR 36 8o

*& 1 Wolbachia pipientis EEHEXREHER

Table 1 General features of the Wolbachia pipientis genomes

Hikk Strain

It H Subjects

wMel wRi wPip wBm
H#H4H Supergroup A A B D
3 Host Drosophila melanogaster ~ Drosophila simulans Culex quinquefasciatus Brugia malayi
A 4]
%[—[/Ej(/l\,( bp) 1267 782 1 445 873 1 482 355 1 080 084
Genome size
AL (g
GCH&(%) 35.2 35 34.2 34.2
GC content
S
%%ﬁ 1270 1150 1 386 903
Coding sequences
RN %
BERM 94 114 97 98
Pseudogenes
I X
B 1 4 DX 23 35 60 5
ANK genes
Ik 7 -
WO IR 74 B 3 4 5 0
WO prophage
B
EANGRIIE L 7 1 g 0
IS types
TSR (%
HEFAER(%) 8.9 2.1 Kk 5.4

Repeat sequences

4 Wolbachia 5F FEERFRAKTE LHWE
1E

Wolbachia 5 7§ FAEFEHF L /KF RO EAEH
FERIAELLT 3 J7 T« X 2 b AR JE K ) %2,
DNA #ri5 BL4 Flfe [n] S [N 46 55
4.1 XEAFEEREZKENIT

Wolbachia V)17 4% 2 51 i 26 ki AR 1) “ 5 e 1F

FH” (hitch-hiking effect) , 24 Wolbachia {34t — 1~
A FFEES MO B A SRR DL A A R
TR, 55 A OCHR By Zeobn (RS B FE AP RE iy
e B K, A 27 R LRI iR DNA 2251
TR K (Jiggins, 2003 ; Shoemaker et al. , 2004 ;
Hurst and Jiggins, 2005 ), iX #f L 4 8¢ 8 N
Wolbachia B)* PRV (selective sweep ) fF o
XFPEFE 2 7E — S W Fhoh 75 31 TARGF AR
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35 .2 JE 1) Acraea encedana Fl Acraea encedon
(Jiggins, 2003 ), £ ¥ J& B9 Drosophila recens
( Shoemaker et al., 2004 ) . Drosophila innubila
( Dyer and Jaenike, 2004 ) F Drosophila simulans
(Dean et al., 2003), [ SUH B Aedes albopictus
( Birungi and Munstermann, 2002;
et al. , 2003), DL f J5 Tl B8 Protocalliphora sialia
(Baudry et al. , 2003 )4,

Rasgon 55 (2006 ) (5T R BIAE )2 70 A T-1E
LN YR T R Culex pipiens 25 RFHEH
Wolbachia W15 #5307 LRLIK ZFEVER) 85 T
Bt < BT A B e Bl A v, 99% AN AT — A~ B f
B R AL SR RE P AT 11 B B, i )
ot S R 14) 22 P P A SRR TR R e Y b 26 e o
ARARARL o 955 K HE T , b & T HEAR ] B8 2 — 1> Bet ik
Tifr, Wolbachia 41 4 1 A FE % 25 4 T LT, PRt
TR B T LSRR Z K- o3 8o i 3k
B, Wolbachia 87547 H BLTE 47 000 4EHij
4.2 DNA #ngills

WA FE R b, Wolbachia WL h 23 5 30
Z Mo WL KK DNA ¥ B Bl %
(introgressiong) , F=Z LK I K : FERZILP K |k
FARUT S Y RS A0 HAT IR H AR LAY 2R & DNA
AR Wolbachia TEFE .

HHET, A S5 1] Wolbachia 330 2 2 18] Y £&
RifA DNA #ri8 BUAR . 7390 A LR AE LUT W b 1) -
(1) R W8 Drosophila simulans F1 Drosophila
mauritiana 2 [A] ( Rousset and Solignac, 1995;
Ballard, 2000a, 2000b ); (2 ) R ¥ Drosophila
santomea, Drosophila yakuba F Drosophila teissieri
Z [8] ( Monnerot et al. , 1990; Lachaise et al.
2000); (3) B Wt J& Acraea encedon F1 Acrae
encedana 2Z [A] ( Jiggins, 2003 ) ; (4) S il 7 My i
Eurema hecabe 11 T {0 A 1 #8 {8 AU 2 [6] ( Narita
et al. , 2006) ; (5) TN W )& Progocalliphora W) —
BU T 2 A 22 8] ( Whitworth et al. , 2007)

4.3 HEEERE®

fii 1] % [N ¥% F% ( horizontal gene transfer,
HGT) , BRI 1) 3£ [ %% #2 (lateral gene transfer,
LGT) , $5A MUK 352 1% 4y 5 4% 128 25 HC At 240 g i =l
Hr R ft e X P IR AE A A Y b 8w
o VAR TR FAZ A s e B 1 A 1) s R

Armbruster

FEINGE A 10 It 2 (AR TN 4 07 Ak 5 At B A% 22 [ 1)
o 1) BE DR e % Al 2 AR e 1) 1) o

Kondo % (2002b) iz Jfl £ # PCR FlJ% [i] PCR
SEFEARUESL T Wolbachia ) FE IR Fr BERE 1 5 % %)
THELE L Callosobruchus chinensis [t X LA {A
o IR E H IR Wolbachia K K 2H 5 2F
FZ AR KUK e R . TR SEmh o &I,
XANFERE i BER 2y i Wolbachia K2R 2H 30% 245
XNV R BEITE H AR5 18 10 28 G Rl AR
D AB AN [F] B R vh e 7% 5L DR 1) 85 A AN [
TELREZRE G M INBER C. maculatus FIZ 15
VWS4 C. rhodesianus FHIVEAH KX Fh L1
BEPA, T TR 1] B R 2 RS SR R AR TR S L R W) b
JE i 2 J5 ( Nikoh et al. , 2008 ) , Dunning-Hotopp
S5 (2007) SR %€ 6 J5 A0 4 58 H AR Je LT 2 A4
Wolbachia FEH 21 5¢ 4 % #% 3 2F 3= S g Drosophila
ananassae 11 2L Je o ik |

LR DA 1 T HE S ) Ak R A B, F 5
KB, K2 173 B0 JCHMES M R I 2 405
Wolbachia 1 [n) 5& [N 6 1%, 56 7% v BE R/ JA < 500
bp /N Fr Bt (18 Nasonia J& ) £ > 1Mb 45 i 5
ANFEN H P 51 (£ Drosophila ananassae W) AN 25
( Dunning-Hotopp et al. , 2007) ,

Wolbachia 57 3. 22 [8] it A8 ] & X 5% 7% 7 1] /2
XL [] Y, T8 G X e K BE B Aedes aegypti, = BL
2 48 JE B Culex
quinquefasciatus [ 5 [H 4 5 wMel F1 wPip Btk
Wolbachia KPR 2H B FEH5 , 2 30 M VAL JUR 24 T 4 1 ik
IRITE Wolbachia 5 82 18] 47 16 45 B 0] ik DR 6 7% 3
2,00 M 2 BB ) B DY AR RS O N LB A B
Wolbachia ., iX~3& K AE Wolbachia T4 %4 T
534k (Woolfit et al. , 2009) ,

A 1) S R RS AN ] BB R A A SR 4 K AR AR
AR Z 1], o AT DL AR 7 3 500 R B, B A
RGRRZAY RN, AL BBl T 77,
Wolbachia 575 3 18] A A3 1) 3 R A% Al J2— MR &
FRABIRIE o A o) o PR B 7 20 T R Ak rh B B
3SR AR LD\ Wolbachia H ) i B8 3] 27 32 1 1k
RS A TEAT 32 09 ki B v B — 5 i1 e
TE IR Jo B B Aedes aegypti " B £ 9iF 52 K H
Wolbachia FE& PR 9 55 1 &3k, 158 B 3 28 38 1o 4 n]
YR AT B BE I 2 AT D RE Y (Klasson et al.
2009) .,

Anopheles  gambiae



- 1830 -

W B B3 Chinese Journal of Applied Entomology 48 %

5 RE

Wolbachia R HAETS B sh ¥y b i 712 5340 L M
HEFEME LRI T 588 iR %8R, £
SIS T AR K R, IF ) 3 R 2H 22 07 W) oA
Wr i Ao H 2, 1R 2 [n] BT K 159 2 ff 2%, .
Wolbachia 553 FEIANSL) 2 (0 25 F R L R R 2
WA ST FUESRI8 7 Wolbachia %25 32 4= 54T 9 1)
ANTE A F R AT S0 7 Wolbachia 7EH: 25 3
A R R R A HESE? Wolbachia 5 H:Z¥
TF2 A R A ) 2 A% R S R T W A Y o Ak
7O 3 B A ) R 1) i 27 R A R A Y 1)
WA JIHES) Wolbachia 5 75 32 2Z [W) AH HAE
FHUL B AR H G R IE S A s i i 52
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