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Relationship of WO phage and Wolbachia infection in Laodelphax striatellus

(Fallén) ( Hemiptera. Delphacidae)
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Agricultural University, Nanjing 210095, China)

Abstract: WO phage is the bacterial virus infecting Wolbachia in arthropods. It is supposed that WO phage
may participate in controlling genetic changes of the hosts. Laodelphax striatellus planthoppers from four
geographic populations of China ( Minhang, Shanghai; Puer, Yunnan; Jining, Shandong; Qingtongxia,
Ningxia) were bred on rice treated with antibiotics. The infection rates of Wolbachia and WO phage were
examined every twenty days, and the infection relationships between Wolbachia and WO phage were
analyzed based on the data obtained. The results revealed that the infection rate of Wolbachia declined with
time, and so was WO phage. By using Real-time quantitative PCR, we found that the copy numbers of
Wolbachia and WO phage varied with the developmental stages of adult female, displaying the highest
quantity at 8 d post infection, and WO phage density showed the same pattern as that of Wolbachia. From
the results, we inferred that WO phage is the obligate virus infecting Wolbachia, and the WO phage
infecting Wolbachia in L. striatellus may be lysogenic.
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Wolbachia J&7E 5 B30 Y114 N & LI —Fh 37 5
IR AR 20T (Rickettsia bacteria) , J& TJRZAEY R,
], AEENN o TN, TRREKE, L5
R RAERL, Wolbachia 1%, Wolbachia J& , 8% 768 £
Hh H 4 i BT 38 1% 25 T — X (Werren et al., 1995),
Wolbachia 38 5 5 5 18 £ M i R 3£ F1 ( cytoplasmic
CI) ( Noda, 1984 ). M ¥ 1k
(feminization ) ( Rigaud et al., 1991) | HSIRMEA 7

incompatibility,

( parthenogenesis inducing, PI) ( Stouthamer et al.,
1993 ) i1 3%/ ( male-killing ) ( Hurst, 1991 ) %5345
8 FRIEFE T, A 5 YR E MR IE 5
HEAY)EE B VIS (Werren, 1997) , J@ X
EEEHRGWAIER, Wolbachia /75 %2 3 i J&k 4
ALK R 1 BR A8 A AR A T8 R,
T EL7E M0 [R] Bt RBAE 7 3l 5 22 AR 2R B oA
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Masui %5 (2000 ) 7E #b 73 75 45 BEME Ephestia kuehniella
) Wolbachia iR % T W E KK, JFHHE
FEZ R WO BEEEK, Fujii 55 (2004 ) HF5E R, WO
WA 2 5345 T Wolbachia FERZHH, BRW] LAV
JE % 23 A Bl Wolbachia Y ik Hr, AR LIV BUIR
SHHBAFETHMEY . I H WO BRI A LI7E
REIH) Wolbachia 22 [8) 55 5 #i %4 £% ( Bordenstein and
Wernegreen, 2004) , 1R 7] gE#+H B M EF S 7
Wolbachia B[R 2H W4k, 2 B B R0E 1A A B2
#F Wolbachia i fE AL AT B SR A R F 22—

K KE\ Laodelphax striatellus (Fallén) J&2233 H
KEE, R EEIEKITRBKE. Tk, NE
FHREEYR EEF R (R A, 2000; &R
&5, 2006) , % H A E BB K R RS U™ E
IR RE B, T L 28 A% 1 B K R A% SO A iR
(rice stripe virus, RSV) Xt 5t i 2 ERM/KRELE
FEIERLT BRI, BIAE 2% B &R R TR X
KFEA = F R FBENIREZ — XK REMPIE,
BT EZA R (BaE TS eeE) . A9
PG LB IR SE, X BARA —EMBR,
B TE S R, A R 24 3 A B 75
& WA B E -2 A FE R R (Vector-Insect-Symbiont
Technology, VIST) B2 7EME 5 T & H M — 1R
2 (IR E4F, 2003) , VIST #5352 |
Wolbachia 5 | &2 ) A5 FE B HoAWAE A B J7 T B AL,
155 — B REAE T, R R TR TS
W R IR, BYR REVEER, ThR A TS
RIEMBEHOHRIEMAED A SN BEEER (ME
B HEAEM) , WM7ER JUK N ARS8 R
WA, 4K IkRE LR, WO WK E N2 G
Wolbachia W—F 58, FHZEM £ A FMFE
T2 HAE F Wolbachia FYTH 1 R LA 4 — € 5
Wi, AT REAET BN E it Wolbachia H)JERIZH AL,
AR S KRB WO W K5 Wolbachia 4244
KRR — LR IK KA IR WS B

TEARSZE, FRATLL Wolbachia ) wsp PR
WO WEFEIAR orf7 FEFE AN S, PFFE K CE
ANIEHFEFPHE o WO BRI K5 Wolbachia 1R 44K
Z, W# T Wolbachia 1 WO BEEIKTENE EARF K
BorBgcR B AR LS, BETE B T Wolbachia
WO WK Z A E R R . BFRERABEAR
K WO BETE A, Wolbachia L J: B H1E £ =35 2 [H]
HHEAE B FHLHIBEE B A HA

1 #P5ETEZE

1.1 #fE®

SEE TR R EUR T 2008 4R 6 AR EHHE
4 S PEFPRE, TR R LR 1, K RERE
TRFRTEF A KRR KB, PRIFTE 25°C, AR
MR 80% , SLJE 16L: 8D HIZMFT o

F1 ZBRHAARCEAMBENRERSS
Table 1 Collection information from four populations
of Laodelphax striatellus in our study

PR s BLE
Population code Locality Geographic coordinate
R
MS Wiy 31.2°N, 121.4°E
Minhang, Shanghai
T
PY ik 22.4°N, 100.5°E
Puer, Yunnan
IJJF\‘\‘ e
JS W 35.2°N, 116.3°E
Jining, Shandong
2
@
ON TERM 37.6°N, 105.5°E

Qingtongxia, Ningxia

1.2 HCl-tetracycline &bIE

LI EFMT QRE 25C, HHXNE B 80% ,
Y6 #1 161L:8D) , LA 0. 1% 1y HCl-tetracycline 7K 75
WRFEEFRBKREE, AEBEBA L ~2 #BIK K
AR, ELEFR3 ~4 R, WAFREH R, &
& 20 d 5@ PCR 74 K K EUAR N 1) Wolbachia
WO BER ARG, SEAG T 3 R, AT 40
LR KA, [FBFPAARZ HCl-tetracycline 43 i 1 |
TR K REWE AN B4,
1.3 DNA R HREX

BRI — DS, AR 40 pL STE
ZZ b ¥ (100 mmol/L NaCl, 10 mmol/L Tris-HCI,
1 mmol/L EDTA, pH 8.0)# 1.5 mL .00 &, FHT
BERERRE, S35, A 2.5 uL ZEHEE K(10 mg/mL),
4 000 r/minBL0> 1 min, 37°C #¥F 30 min, /5 95C
ARPE S min, 4 000 r/min B0 1 min, HJ58& T -20C
PRAFEE 2 wL EHMBHAREAT PCR 371,
1.4 PCR #&m

S A Primer 5.0 i1, H LA TAY
BARGRAF G ¥ 1 Wolbachia ) wsp FF 5]
P2 wsp81F: 5'-TGGTCCAATAAGTGATGAAG
AAAC-3', wsp691R: 5'-AAAAATTAAACGCTACTCC
A-3'(Zhou et al., 1998) , ¥4 F B K FE >~ 599 bp,
RIBKZR: 14.3 pL 7K, 2.5 pL 10 x buffer,
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2.5 uL dNTPs, 2.5 pL MgCl, (25 mmol/L), 0.2 pL
Taq DNA polymerase (1 U), 2 uL #ARA LT HF5I
¥4 0.5 ul, 3£ 25 pL, PCR #2/¥: 94°C 3 min;
94%C 30 s, 55°C 45 s, 72°C 1 min, 35 MEH; &)5
72°C 7 min, ¥ 34 WO BEEH K orf7 EH (4iF5 WO
WA AR ST E HER) W51 F8) 2 WOF: 5'-
CCCACATGACCAATGACGTCTG-3’, WOR: 5'-CGTT
CGCTCTGCAAGTAACTCCATTAAAAC-3', Al ¥ 34 H
K394 bp W B, RMIKRMEE: 14.8 pL K,
2.5 uL 10 x buffer, 2 pL dNTPs, 2.5 pL MgCl,
(25 mmol/L), 0.2 uL Taq DNA polymerase (1 U),
LTFUE5I945 0.5 wL F1 2 wL DNA #itz, PCR X
MAERF: 94C 3 min; 94°C 30 s, 66°C 30 s, 72C
30 s, 30 AMEFF; £J5 72°C 5 min,

YRS H)E, ¥ PCR ¥tk 1=y 7
1% IFAeFEBERE L BEATHLTKAG I, VAL 2. 5E (EB) %t
f,, 7E Gel Doc EQ % ik 5 8 & 4t ( Bio-Rad,
Hercules, CA) T W IFid k45 R,
1.5 EMEZPCR

B2, 4,6,8,10, 12 1 14 d K% HCl-
tetracycline ZbBR i) = PP RF I EUME L, A1 A A
Ui Wolbachia F1 WO I W& 44 ) AR R i it 22 53 1)
X H HUA N ) Wolbachia F1 WO Wi T 1K #E 17 € &,
A HREDBCLS iy, K75 B 5%
PR HIVE a0 . B SR BUT & A AR
R B E 4 pGEM-T ok, FISSMtot it
g BRI BE , 2 10 Rk BERE R B AT R RE,
SEHE PCR A7 ¥ R CefE, e bR

R PCR & it 051 ¥ 4 3 &: wspF (5'-

ATGTAACTCCAGAAATCAAACTC ) #1 wspR (5'-
GATACCAGCATCATCCTTAGC3') , ¥ R K &
294 bp; orf7F (5'-GTCTGGAAAGCTTACAAAAAG-
3") #1 orf7R (5'-CTCGCCAAAATATAGCCCTGC-3"),
I A BER R B 125 bp,

20 pL 86 & PCR [N K R AL4E 10 pL
2 xSYBR ® Premix Ex Taq ™ ( Applied Biosystems) ,
FETFUESI ¥4 0.4 pL, 50 x ROX Reference Dye
0.4 pL, 1 wL DNA BEHA 7.8 pL K. KNP
F£:95C10 s; 95C 5 s, 60C 31 s, 40 MEH; &
J595C15 s, 60C 1 min, 95C15 s,
1.6 HEBEFHItEHH

e i I 45 R SPSS AR 4 #E AT 48 it o A
(ANOVA, Independent-Samples T test analysis J5735).

2 HZRE5HM

2.1 HBMAELIEFRK CEMKA Wolbachia Fn
WO BEEE R RANTL

2 PIRTESLIRE M 4 AN HOIEAREE K 1 A% R
ZH I E AR 20 d KT B A Wolbachia )34y
BB . NERPATLIEL, Hi 3 b3
FHEE(MS, PY F1JS) () Wolbachia %] 4 8% 4y R ERIR
= (QN fi5h, HA 5% iiRged) , JuHAE MS Fhaf
BRI L 100% . 1] HCl-tetracycline 2b 3 7] LA %k
Hb 2 BRIK CEAR N Y Wolbachia, I H W % B ]
W, Wolbachia WIRYLRIFLL TRE, AbBE KL 3 4
A5, Wolbachia Y FHEARE £ R Z 0(JS F1 QN
FhEE) o YEAXTERZLA) CK FpHE K K El Wolbachia 1)
JERYL R — HRFFE 100%

x2 AEMEBFBIK CAZHREUIRELERFRERE Wolbachia BEE
Table 2 The infection rate of Wolbachia at different days after HCl-tetracycline treatment in different
populations of Laodelphax striatellus

KA EL

Number of insects

P

Wolbachia HJEEHL3R (% )
Infection rate of Wolbachia

Population code

examined 20d PI 40 d P2 60 d
MS 40 100.0 0.007 70.0 <0.001 7.5
PY 40 95.0 0.017 62.5 <0.001 2.5
JS 40 80.0 0.080 37.5 <0.001 0.0
QN 40 5.0 0.041 0.0 - 0.0
CK 40 100.0 - 100.0 - 100.0

PI #7520 d 5540 d 4325 Wolbachia ())& HE 25, P2 F/Rr40 d 560 d AbFEG Wolbachia WRRYLIRES:, © -7 RRRITE IR IRFE 25
Bk, PI indicates the differences in infection rate of Wolbachia between 20 d and 40 d treatment with HCl-tetracycline, P2 indicates the differences in

infection rate of Wolbachia between 40 d and 60 d treatment with HCl-tetracycline, “ —” indicates the differences in infection rate of Wolbachia were not
calculated. CK: k%2 HCl-tetracycline ZbFRf¥) ¥ X473k K AR EE(MS) The MS population of L. striatellus without HCl-tetracycline treatment.
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IREFEX 4 AR RR K I, Bl A ]
RS, {RYE Wolbachia B WO Ik B 14 1 R e R A8
a3 5 5 3 Wolbachia HFA—3; [FRF AT

R, TEXT R WO BB R — BLORFE m B R
M (E3),

®3 AEMEMHBERK CAZHLBRNRELERTERE WO BEFELE
Table 3 The infection rate of WO phage at different days after HCl-tetracycline treatment in different
populations of Laodelphax striatellus

e AR %L WO R i) SR (% )
Number of insects Infection rate of WO phage
Population code .
examined 20d PI 40d P2 60 d
MS 40 100.0 0.003 65.0 <0.001 7.5
PY 40 92.5 0.007 60.0 <0.001 5.0
IS 40 80.0 0.009 40.0 <0.001 0.0
ON 40 5.0 0.041 0.0 - 0.0
CK 40 100.0 - 100.0 - 100.0

PI 7520 d 540 d 4035 WO BERAURGL R E S5, P2 KR40 d 560 d 4bHJGF WO MERAUBRLRE T, “ - " Fon RITHE RRAL BRI i 22
HFBEM, PI indicates the differences in infection rate of WO phage between 20 d and 40 d treatment with HCl-tetracycline, P2 indicates the

differences in infection rate of WO phage between 20 d and 60 d treatment with HCl-tetracycline,

- ”indicates the differences in infection rate of WO

phage were not calculated. CK: K% HCl-tetracycline ZbFH i) ¥ P47 R0 (MS) K K&\ The MS population of L. striatellus without HCl-tetracycline

treatment.

2.2 Wolbachia 1 WO EEEHNEENE
BAVEZR PR, =i CEME R pEE

AR R RE , HAKN YR Wolbachia F1

WO WA B b2 & A A8k . FRATTF LB

A
30T
2 F y=—3.3x+1.8934
S 20 |
15
10 1 1 1 1 1 1 1 1 1 1
-10 -8 -6 -4 -2 0
T TRV BE I B X B
Lg concentration of recombinant plasmid
A1
Fig. 1

K2(A, B) 751 Rm B RX =B AR H i
KR EME AR Wolbachia F1 WO I T 1A 7 2t F) ]
ELER . HWRETRHERSSRAT LA L . B R
HARBRW R, HAKA Wolbachia F1 WO I B {4
A L BB AR AL, T H 3 AR R
BOMFE, AR LIS, RISTEH 8 RZJAH

& PCR Jrkxf “F E R BETIE, RAENE
B —E AR, B 1(A 1 B) F1 BT s B2 A%
it E = PCR J5 81 %€ Wolbachia F11 WO W H /A& &
BB FH AR v 2R

B
30 1
25 | y=—3.3x+3.9
S 201
15
10 1 L 1 )
-8 -6 —4 -2 0

2 ORI B ) PR B e

Lg concentration of recombinant plasmid

L€ B PCR HllE Wolbachia( A) Fl WO W {A (B) B it bR ofi i 22
Standard curve of Wolbachia (A) and WO phage (B) quantity in Real-time quantitative PCR

RIFURZH T Ko

LIS ZE R ) G831 20 B K B Independent-Samples
T test analysis B ¥k, 7EE 2 1, &% 2 d AOMESR
1 Wolbachia F1 WO I B 1A ) T 1 22 5% M b 10 4
T, 3 PE/NT 0.05 MRHRERR — 38 Z 7 7E B
HHEER.
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18.00

16.00

14.00

12.004

Wolbachia (x 1 000 000)

10.00

2 4 6 8 10 12 14
It Bt H # Days after female adult emergence

6.00

WO (x 100 000 000)
w > n
s 5 8

P
3

:

2 4 6 8 10 2 14
It Bt H i Days after female adult emergence

2 ZEMEEAR H &K CEME SR Wolbachia (A) #1 WO WEE{A(B) B AL
Fig. 2 The changes of Wolbachia (A) and WO phage (B) quantity in females of Laodelphax striatellus from Yunnan Province

3 itig

FATR A Hb 2R A B K R B N Wolbachia 1
RYAE LA B BEAT TR, 55 5R BIR Wolbachia f&
I IZFFFER), H Wolbachia WYL R A1E K Z B M
mE LB R, RA T EE WG A, H
Wolbachia HYBEGFAUH 5% o XK R 5 H K
THAF(2002) LI 25 R A FTAE : TR L.
= LR EF BRI Wolbachia YL AL
53 86% , 84% F198% , T HFPEEAREYL . X E
RNV EREIR (R 2)KE, RELE., sEMT
PRI B P Wolbachia WYL REA Frig,
Horp g BAPRE i ARG R R . XA —
EBRE LEWATEESEWERS, F—#X
Wolbachia BRUL R AL, T E FEE Wolbachia
H JC BN A AT e B TRt Wolbachia H)JK K EAAE
&R Hh X IERS BT 3

X PG FAMEARASEERY, BT
B4 B B A DNA 252 T DL K H i Ak i e ik 21
BEFRH T 5k 5k DNA R A, B AFERE RN AR BE |
Wolbachia BRI T WER ARG, ML 1, WO K
AN HAE £ Wolbachia RYTEFEM ST Z, EF
MITA SRR, TER RN FIRYL T Wolbachia 1
26 FhE B A AT ] T WO B & i 77 7E (Masui
et al., 2000; Fujii et al., 2004; Bordenstein and
Wernegreen, 2004 ; Gavotte et al., 2004 ; Sanogo and
Dobson, 2004 ; Gavotte et al., 2007) , XL 15 &
H¥H. S E. SGHE. 8588 RE#RE, KA
XA ) b 3 b B K G EAR N WO B T A R G
Wolbachia FYIE 8L 43 S #EAT T R, 455 B8 WO

WETR AR AA7ER), H WO BRI R R 1
REBFBEPE LB, RA T 2 50 R4
Ah, H WO BERE KRR RH 5% .

W A AE XA BB K CEAKN
Wolbachia 1) WO Wi T8 74 J8k e 32 (1) A5 1 i 4 v] LI 3§
BhIRATT T #% WO Wi B K F1 Wolbachia MR YLK R,
P R4 5, Wolbachia FEE Y 2R [ & B [a] BY #E
BIMEE TR, EEREHTLER, 5ILFENE
Yt Wolbachia ) WO W P& {4 . i & Ho 18 3 B9 R bR
MR, HEG RS HIE E Wolbachia W%
A2 MAERZHUAE R A AR A b (LR
#), Wolbachia F1 WO WEE K —H 4E45E 100% 1)
BRYRRE (KR 2, 3) . RATMAFRLGREKY, WO
WEBE 1A H Wolbachia Z R FFTEE FRE MIRP R R,
XU T WO B IAAR R B A7 TR
NI T AR T, TR RYE Wolbachia )& £ B
H1 T Wolbachia 77576 MUBTA A, JRMEAETE . &
TR AL S A A, PR B AR AR W) 7 1 0 — 22 gt
AR 9 B R TR By v O T B AR AR K 4 LRI
5, T WO BERERAE R —Fh R G2 Wolbachia F)9 B
PRsAE R, ] B 5 HAE E WA EE A
—ERFR, FrLUXT WO BEE AT Wolbachia H)K 5
TR A F) Tk — 28 T anfa] F| i Wolbachia
HATEYIBIA -

A WFFTIE RS R EAR P SR B AR B A Sh R B
FE BRI M A0 (Chen et al., 1981b) , B4
. RiRARZ S R A8 B R R EUA A
KR A B KB &E (Chen et al., 1981a;
Raguraman and Jayarai, 1983 ; #4184, 2000) , iX
Xt g 5T Wolbachia H EHBE NS ZMME, R KEl
A R 2 B 2R A= B Y TR T 5RO SR A I R T B0k
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(B fPBE4E, 2001; SKERGESE, 2008) , BLTEREE 2
FAYRE BRI R, BRI R ITER
AP B FRAT T A B AR N AR T SR LR
.. Noda %5 (2001 ) [6) B 3% F Quantitative PCR ( Q-
PCR) F1 Real-time quantitative PCR ( RTQ-PCR)
FEKMT Wolbachia TEIXK KA\ L. striatellus F1H &
KHE\ Sogatella furcifera FhREH I BEABILIE I . £
B, FATRA RTQ-PCR iy J7 B X AR H i
TR CEUME AR N ) WO BT K5 Wolbachia W%
#ATE |, o DL #E— 2 Wi F 5 Wolbachia
WO W /A FN B U5 £ =35 2[RI 56 R 25 2Lt

MERER P RATEI, FEARR H IR HK CE
WE BN WO W& /K H1 Wolbachia T AR K E
s, EEEE B R A R RE R E, WO BRI
Wolbachia T8 2 3 1 2L B AR -5, #HZ
AR 2 ~4 REEFR, 7255 8 RixBIREE, A
JEF IR B, Htk, FATHEW. 2K &
Wolbachia f) WO I D& 7 7] B8 A2 V% J5 14 1 e T K,
B LA W B A P TE X4 A B Wolbachia Hg4 ik,
X 2 B Wt P AT AR AL B AR P W TR AR Z iR
S E B EBEN RS, XWEENE R
XHRH IR CEAA N Wolbachia F) WO I T 4 T 1 (1)
B, Xh WO BRI S L s B e TR, A
By FHEAFHIRA T % WO WEH K TE Wolbachia 5B
W E AR R TR YR

X WO Wit T AR 7 7] LS B 3RAT TR A L
16 E Wolbachia A=FH R $EAE FIH 73> F 220l V7240
WTE BRI — R A s R, X
K 7] B S5 B e ATk ke 3 A e AL LA R R e 1
FHAER, APHRERY, WO BEK S H Wolbachia
BERFERBERRGD B M, WO B KREMS 1
Ml 5 HC AT 1 L R R [R] 1 B Bk A BEA T K OF
#E, H WO BEKESS5RBRRERE EHNE
¥ BB R R A E 1w, I H Wolbachia HK 5 7E
B HMIAME SR, BT LAEARXT WO B R A i 53 LA
FAR1T WO BET /K F Wolbachia 22 8] Y AH B & R A8
AR FIME—2, ZELUGH TP ERERERT
WO YLyl S I F A AT 5T, 78 mRNA FRikK
S 1%} Wolbachia F1 WO I T 4 2 [] i A5 B AE A 2
TR BABREENE L,

S % 3T Wk (References)

Bordenstein SR, Wemegreen JJ, 2004. Bacteriophage flux in

endosymbionts ( Wolbachia ) : infection frequency, lateral transfer,

and recombination rates. Molecular Biology and Evolution, 21:
1981 -1991.

Chen CC, Cheng LL, Hou RF, 1981a. Studies on the intracellular yeast-
like symbiote in the brown planthopper, Nilaparvata lugens Stal. 1I.
Effects of antibiotics and elevated temperature on the symbiotes and
their host. Zeitschrift fiir Angewandte Entomologie, 92 ; 440 —449.

Chen CC, Cheng LL, Hou RF, Kuan CC, 1981b. Studies on the
intracellular yeast-like symbiote in the brown planthopper,
Nilaparvata lugens Stdl. 1. Histological observations and population
changes of the symbiote. Zeitschrift fiir Angewandte Entomologie,
91: 321 -327.

Fujii Y, Kubo T, Ishikawa H, Sasaki T, 2004. Isolation and
characterization of the bacteriophage WO from Wolbachia, an
arthropod endosymbiont. Biochemical and Biophysical Research
Communications, 317 1183 —1188.

Gan BY, Zhou WG, Feng LB, Shen DL, Li CB, 2002. Infection of
Wolbachia in three planthopper species in China. Acta Entomologica
Sinica, 45(1) : 14 -17. [ H¥aE, FAHE, Bmwk, WAk, %
B, 2002, 3R/RE 5 RARLE T E =M CE R SRR B
23, 45(1): 14 -17]

Gavotte L, Henri H, Stouthamer R, Charif D, Charlat S, Boulétreau M,
Vavre F, 2007. A survey of the bacteriophage WO in the
endosymbiotic bacteria Wolbachia. Molecular Biology and Evolution ,
24(2) : 427 -435.

Gavotte L, Vavre F, Henri H, Ravallec M, Stouthamer R, Boulétreau
M, 2004. Diversity, distribution and specificity of WO phage
infection in Wolbachia of four insect species. Insect Molecular
Biology, 13(2) ; 147 -153.

Hurst LD, 1991. The incidences and evolution of cytoplasmic male
killers. Proceedings of the Royal Society of London, Series B.
Biological Sciences, 244 ; 91 -99.

Lv ZX, Yu XP, Chen JM, Zheng XS, Xu HX, 2001. The population
dynamies of symbiote in body of brown planthopper from different
geographic fields and adapted to different resistant rice varieties.
Entomological Journal of East China, 10(1) ; 44 -49. [ B {1,
ATBET, PREERH, JRIFAS, LR, 2001, R B IEMBIETER
W RERPSLE R MR . AR MR, 10(1): 4 -
49]

Masui S, Kamoda S, Sasaki T, Ishikawa H, 2000. Distribution and
evolution of bacteriophage WO in Wolbachia, the endosymbiont
causing sexual alterations in arthropods. Journal of Molecular
Evolution, 51 491 —497.

Noda H, 1984. Cytoplasmic incompatibility in allopatric field populations
of the small brown planthopper, Laodelphax striatellus in Japan.
Entomologia Experimentalis et Applicata, 35 263 —267.

Noda H, Koizumi Y, Zhang Q, Deng KJ, 2001. Infection density of
Wolbachia and incompatibility level in two planthopper species
Laodelphax striatellus and Sogatella furcifera. Insect Biochemical and
Molecular Biology, 31: 727 -737.

Raguraman S, Jayarai S, 1983. Effect of neem on yeast-like symbionts
harbored by brown planthopper. International Rice Research Notes,
13(5): 32 -33.



984 B 23R Acta Entomologica Sinica 53 %

Rigaud T, Souty-Grosset C, Raimond R, Mocquard JP, Juchault P,
1991. Feminizing endocytobiosis in the terrestrial crustacean
Armadillidium wvulgare Latr. ( Isopoda ): recent acquisitions.
Endocytobiosis and Cell Research, 7: 259 —273.

Sanogo YO, Dobson SL, 2004. Molecular discrimination of Wolbachia in
the Culex pipiens complex; evidence for variable bacteriophage
hyperparasitism. Insect Molecular Biology, 13(4) : 265 —369.

Stouthamer R, Breeuwer JAJ, Luck RF, Werren JH, 1993. Molecular
identification of microorganisms associated with parthenogenesis.
Nature, 361 66 —68.

Sun DZ, Jiang L, Zhang YX, Cheng XN, Wang CM, Zhai HQ, Wan
JM, 2006. Resistance to rice stripe in eight rice varieties. Chinese
Journal of Rice Science, 20(2) ; 219 -222. [ &%, 1T, K
&, BBE, TRW, BRE, HFRER, 2006. 8 /KA MHFH
FRBOT R EPTIERHE. T EUKFERLAE, 20(2) « 219 -222]

Wen JG, Hu YQ, Yan J, Pan CG, Shen DL, 2003. Infection of
Wolbachia pipientis in the small brown planthopper ( Laodelphax
striatellus) . Journal of Shanghai Jiaotong University ( Agricultural
Science) , 21: 35 -37. [{RZE, HHE, ™M@, BEHL, kK
B, 2003. Wolbachia 7E K CEBEATTEIfE L. EMgIE R
#, 21:35-37]

Werren JH, 1997. Biology of Wolbachia. Annual Review of Entomology,

42 587 -609.

Werren JH, Zhang W, Guo LR, 1995. Evolution and phylogeny of
Wolbachia ; reproductive parasites of arthropods. Proceedings of the
Royal Society of London Series B, Biological Sciences, 261 : 55 -71.

Xu HX, Zheng XS, Tong ZH, Lv ZX, Chen JM, Yu XP, Tao LY,
2000. Effects of insecticides on the symbiotes in brown planthopper.
Acta Agriculturae Zhejiangensis, 12(3); 126 —128. [#&41 8, *f
VRS, B, BB, PREEEA, ATBET, MIAKE, 2000. Ak
FIXH REE PSR R, WILAR 24, 12(3) : 126 -
128]

Zhang XJ, Yu XP, Chen JM, 2008. Influence of high temperature on
yeast-like endosymbiotes and pesticide resistance of small brown
planthopper, Laodelphax striatellus. Chinese Journal of Rice Science,
22(4): 416 -420. [3KkBELE, ATBET, PREZRA, 2008. WERT K
RER P EE B I AE AT 25 B . KRR, 22
(4): 416 -420]

Zhou WG, Rousset F, O'Neill SL, 1998. Phylogeny and PCR-based
classification of Wolbachia strains using wsp gene sequences.
Proceedings of the Royal Society of London Series B, Biological
Sciences , 265 ; 509 -515.

(TG BFIHE)





