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WE. N7 THEILERE Cardinium X} KRB 1§ Tetranychus cinnabarinus ( Boisduval ) 4 4= 58 ¥ 455 VE I, A& T 3] Jge e
Cardinium B)FPEE P HEEBULTEE A H N 2 2 MY = WM BEE N S B, X Cardinium 7E 3 EAE R
HERERBITR . B AT 100% BRYe Cardinium FIFPEEFT 100% ARG I FPEE, 76 Fr BR UK [F) B e 28 20 1Y
HEE U B A AT 2 AT S B8, WL IR Cardinium( Q@ ) x [ Cardinium (& ) /B Cardinium( Q) x RIRGL (8 ) , AR&
Yu( Q) x Y Cardinium (8 ) ,ANEY(Q) x REYL(8 ) 4 MARRA G, ERRI, P Z L5 A B YL ) HE5
Z R AR ECR I T B MM BOR SRR, W E 2 MM EERILE T 2 MR AL LM BEAR R A AP, CL &K
UK IR AL IR B AR, SRR A F, BEREE IR, B R F, ARMESESCE AR T H A 3 FpA A Bl ; mEH
FFPBEAR SEFHILLA o W B0 U2 3004k B4 100% 7715 , (B3 MR 1. 2 DREE Cardinium K 3E% %
RIEEAE, MBI EBAER R MEMEE P RIE AR CI £8, IR RESZ LRI BTN HRBATI=E
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Manipulation of symbiont Cardinium on the reproduction of the carmine

spider mite, Tetranychus cinnabarinus (Boisduval) (Acari: Tetranychidae)
LIU Ying, XIE Rong-Rong, HONG Xiao-Yue” ( Department of Entomology, Nanjing Agricultural
University, Nanjing 210095, China)

Abstract: To clarify the effect of Cardinium on the reproductive traits of the infected carmine spider mites,
Tetranychus cinnabarinus ( Boisduval ) , the experiments were performed in the Shanxi and Gansu
populations of China to test for the cytoplasmic incompatibility ( CI) phenotype previously reported to be
caused by Cardinium. The infected and uninfected mites from each population were crossed with each other
in the following four cross combinations: Cardinium infected @ x Cardinium infected & , Cardinium
infected ? X uninfected & , uninfected @ X Cardinium infected & , uninfected ? X uninfected & . The
results showed that CI was induced in both populations when the infected males were crossed with the
uninfected females. Furthermore, the two populations tested showed the different types of CI. In Shanxi
population, CI resulted in severe reduction in the hatchability of eggs and the number of F, females, while
in Gansu population, CI resulted in a 100% hatchability of eggs, but the F, generation contained no female
mite. The Cardinium strains in these two populations share very close relationship, but their different CI
performance suggests that closely related strains may have different phenotypes of CI. Our results will be
proved useful in future studies on the infection mechanism and reproductive manipulation of Cardinium.
Key words: Tetranychus cinnabarinus; symbiont; Cardinium; reproduction manipulation; cytoplasmic

incompatibility ; crossing experiment
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2005; 2006
Schausberger, 2007 ; Duron et al., 2008 ; Nakamura et
al., 2009 ), 7E ¥k J¥ 49 ( Arachinida ) % i 7 49
(Acari) 1, HETC RIAE 5 MR AR 1 Fhig
RERY T Cardinium, € ] 5 7 2 B H 5
(Oppiidae ) \ 75 1§ F} ( Erythraeidae ) . 4 270 & B}
(Tenuipalpidae ) . M- i #} ( Tetranychidae) | 82245 F}
( Phytoseiidae ) 1 J§ 2 i 88 Ixodes scapularis ( Weeks
and Stouthamer, 2004; Chigira and Miura, 2005;
Groot and Breeuwer, 2006; Liu et al., 2006; Enigl
and Schausberger, 2007 ; Gotoh et al., 2007 ; Ros and
Breeuwer, 2009) . #Efhit, 29 6% ~7% W37 Esh
M RYL T Cardinium ( Weeks et al., 2003; Zchori-
Fein and Perlman, 2004)

Cardinium B & REH 51 #2158 E I MEMEAL , 15T
7= ME PN ME A BE A S B B R 3 R ( cytoplasmic
incompatibility, CI) ZAFH R H AL, WEEK5IE
BAAE A% 1A 5 25U W )& Brevipalpus 1 A~ 14 HE 14 4k
(Weeks et al., 2001) ,iE S5 Ml /N J& Encarsia
B A= W 1) DICHE A2 58 BB AS K R ( Zchori-Fein er al.,
2001 ; Harris et al., 2010) , W4}, Cardinium if fER
R B R, WAEVE 7 H E W Metaseiulus
occidentalis §1, Cardinium [)ERYL 6 Ml 258 RIR 5
i 50% ( Weeks and Stouthamer, 2004 ), & Hj
Cardinium KRG REGS IR = iZ WM HIIE &

Cardinium 5| R H2E CT R7EV 77 B EH M.
occidentalis F1 3& i M U Eotetranychus suginamensis
( Weeks and Stouthamer, 2004 ; Gotoh et al., 2007 ) F2
B, HEXEE S, Cardinium 5K CI #FE
Iy W6 J AR LSRRI, T B K B i v e A
PEELH) CI, HIEAR BB € R B WAEERKR T
5% (male development, MD) , th AHiE 2 FhISHY
B Cardinium W) i RA K, BRI EFEM
Cardinium Z [RIM EAEM AR, B, 752X HBA%
TAEARF EHTERANBR, NIFEE C1RA
EMAREEREMES, ERENRERER, U
e AECAR O 0 AR BRARARY

RBP4 Tetranychus cinnabarinus ( Boisduval )
T MEDIME AR 7 A0 B — A, HL R BB Fh AR
YT Cardinium (Liu et al., 2006) . FH I, &AWL H
H K2 FFE Cardinium X 400 M1 78 A FE PR 45 1 2
HHEAES CLMEM, 2EBBEMATIER
[F] iy CIRAY, DLK 27 338 A BRI, HE4125 4R
1 CI #AEVAE £ LK Cardinium FiRIRR

Groot and Breeuwer, Enigl and

1 #MRE5FE

1.1 g4

SRADI 6 1L VY 3 b R AP R (SX) (35°03'N,
110°97'E) 2004 4£7 A RETHIE, HN 2 M3
FEE(GS) (36°03’N, 103°50’E) 2004 45 8 H R4
TRE, EEERMAEG, 7ELRE B A G
friage . ALIERTHPIR ZER R PR
YL Cardinium 1 Wolbachia (Liu et al., 2006)
1.2 #&frh Cardinium 1 Wolbachia Y E 8% 1)
i
1.2.1
(2004) ,
1.2.2 PCR ¥ 3K R f1 &4 Cardinium f) 16S
rDNA L[5 - B4, SR A Liu 55 (2006) 9751
Wolbachia ] wsp B W Fr B ¥ 34, R H X%
(2004) J5k o
1.3 fRiEmA
1.3.1 Jifiik 100% Bk gk Yy Cardinium ) FhEE: BL
TERPILEM F I ER ARG RSP (ERN
9 cem), KHEHRZRENERAN 1 cm KETE /)
X0 M\ SR b PR ECAL T 8 T 285 Fr 6 A A
ANX PSR, O E AR B O, I 5 A
JFEARESE, 7805 d R EA, kIR Sk
Gt Cardinium WK ZFEEEE 55 2 4 AUE W<€ B
Cardinium JEG3 , K3 100% WIW] F T 4432 525
1.3.2  HiARACHH 5SS RGL R FDEE B B
BB SR M I EER A BRI RILY (B2
9em), AWERNO0.1% WIWH R (H T HK
Wolbachia 11 Cardinium)iZ¥3 24 h J5, )\ HRFhE
TPk EECK BT g e b, R AR
KHEHEER . LUGE B BRI I AZER KL
REFERRE, BTEETERWBERSMEMN T
BHEE, ANTEGRS ~5 d Bt R, 5%
SE— PRI S BRSO RLSS , A ]
975 12 R PR IBCHT AR S i AE BT AE R IR L, XA
FEESRSE 4 G MER Wolbachia F11 Cardinium
HRGL R | 52 VA Wolbachia F1 Cardinium RS
SRR BEFI T A3
1.4 FMBERNBEEHRZIH

HT FFE Cardinium X H3F 3 400 156 49 3
ma, FATEE TR R ke By Cardinium 1) F1
YA AT M 2 [B] 7 4 B T Rt T 2

REPH B S DNA RIRBL LB E%
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B4 LA Cardinium 3 REIH B9 A FE VA AR 1235

Lo H—XF AT H G FMEGE MR R R, R
BRI E R X 2 FEE, B0, “SXT/SXT SR
718 LI PG 3 SR AR A P g e e v e 6 96 R A0 L )
HERE . ARYE & PR R RN, 45 DR
Cardinium ( @ ) X &Y Cardinium ( & ), &Y
Cardinium( Q) x NEH (& ), NG ( Q) x B
Cardinium( Q ), NG ( Q) x NEYL (S ) 4 P
THE AT

BARTE Dy BOR e 2t Fr, A58 2 R B
AEF FE AN B 1 i 7R P R B — L T 25 5 43 P
BEESR, XSO e R A U S AT 7 R IO A
Wo RGN, BREGEM, B AR
SBIUNERIATE 4 em® ZEHMBEIE/NX, NZ
P HEIOME AE FE S AR PR B AN R R I K J5 1 -
3 d MHERS AN, E B Dy G i i A B
[l —k ZRALHLIG Cardinium 020855 5 M58
SR B AL T 5 AN B ) i 2R R a3 S PR ERCERAS ()
R B S — AR ) MERE B T R /X
AN R 1 X, G A Ml 05 B I R BT T U
TS BIADFERT A o A 05 B2 B B AR Y 2
d JE Rt e . IR ORISR 1 REE, ™00
5 d JE R E HEW .

1.5 BE&KitS5SH

B HICRIE . P 2 i s A
B S MERESE R LA . IR XS 45
WERE &5 75 A PCR BEAT (A LA B A i, LA £
B—XRER T ENA G R, HRHAGE/N
RIAAFFEHARMARUE, WA 5EE B TR

VBRI B MR, i A SPSS # {4,
Fi ANOVA Jrisrfir=op . Wik, F, RAEESR
FIMEREMELL , $9{E A2 B LA Duncan’ s multiple
range test, MRIFURM G145 R0 Cardinium Xf M-
W% ) A FE RIS B BE R RZ I, B RE SIS A B AR
FU RS RIES B

2 KR5S

2.1 WERBEMRMINFHEHFENER

ML PG ARREE R A 22 PN AP b 23 3 PR 40 Sk
BRI, I 2 AR E B R A R 7. 5%
(3740)F15.0% (2/40) o 2 TP EE b RHB 3 i AR
HE MY T Cardinium, T AL > 5 50 5% e
Wolbachia, Cardinium P8 & Yt & K 45% ~ 60% ,
Wolbachia HEGR I FGFEE R 5.0% , T H A A
FEBCA RO | R Wolbachia HYIEBL(R 1) o

F 1 REVHE WL TS I H0 H 7 25 ] Fh B W E R Wolbachia #0 Cardinium B3512R

Table 1 Double infection rate of Wolbachia and Cardinium in Shanxi and Gansu populations of Tetranychus cinnabarinus

W PR AL e R 1A

Cardinium BJEGLR (% )

Wolbachia BAJEYLHR (% )

WE RS (%
Geographical Number of female Single infection rate Single infection rate #(%)
Double infection rate
population adults tested by Cardinium by Wolbachia
VG2 3k (SX
H(SX) 40 5.0 7.5
Yuncheng, Shanxi
2ZM(GS
HAZM(CS) 40 0 5.0

Lanzhou, Gansu

TE P EE 5 BphURR YL Cardinium FFRPEERT, 3R
I F, RE]F, ARGFATHIARIRI, Fhie gL R
—E¥m, B2 L@, 3] F, {8} Cardinium 7£
MR EBETRE, BRYRIXF 100%

2.2 Cardinium 3% L 75 3% 3§ F B¥ 5K ®b I 46 42 SE B9
=AU

VS RA R, RITANAE RS EAFH
JB&GY Cardinium (1) 1Sk 4 ) I i A2 BiE (SX ™ @/
SX*3 ), ERRAHL THINMMEEAEM(E2),
SEEHT TRIR SX™ @/SX* & Zuxc 4l & 5L, &

KRB GER; HRERERGIHFFERITER
B, SX™ Q/SX" & H AP =0 K B AL R Lk
39% , ¥, REEREIO T EL RS ~10 3, 5 SX”
Q/SX* 4 , SX* Q/SX ™ & M SX™ Q/SX ™ & 3 FhZe
THEHE, SX™ Q/SX " & ZuAz 44 i = BR iy i1k
FMF, M ERERE A, MR, SX* /8X*
& ,SX"Q/SX & M SX™ 9/SX™ & HEHEA—
X FERHLRFN F, AR F R B B A,
WEEENZE, BT MEZEIMZESR, SX™ /8X”
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& HEFBAREIGIH LRI KKIET Y
SRt F, MR SR, B 1 MR 2 AT LUE
7[R X i e s 2 52 i i 7 B0 R AL R R F AR
W RCR AR AR Y K, Hod 3 X5 B 1 OP ARk
Bk THAh 3 Fr A, SXT /X8 HA F,
AR LB HA RS ) SX @ /SX ™ & M SX T Q/SXT
& AE, R LRAEARAEHBHER,
2.3 Cardinium 3% H % 2 M Fh B R 70 H 45 £ SH 10
Bm

EHAMBES, MAERLHEEHER
Cardinium 5% 3% () i 55 01 Ja% 4y ) 2 5 S e O LA
(GS™/GS™ )W T 2 K, ZRWERAL T
B A E RN (R 3) , AN IERI () M i S E J5 B
P2, B e R, BTRernA

A, T 4 B AE T R EGA B 100% , GST/
GS* M GS*/GS TEMULR LA BEER, WA
AEMPOAES, B AE RIS R B 2K
B R ) HEE JE AT T IRARFE T,
SR, MR E PRI AR B M R, R A
MIBRF 2 R F R, FRRATEE T8
140 AMER, B—AE4 T &M HEER,
A 3 Fp 238 A R A WA B MEHE T A S
(E3), RA[ERA GS™/GS" YA 40 ZH LA
7 A e AR R IO A B S 3, W LASE 2 HERR
BRZFEMIED, AN, GS™/GST HATEI& I
H5HAM 3 MASEFHENESR, U Cardinium
PR IR 25 R AR R I 096 P BB RE T o

R2 RIS FIEH A EE (SX) AAIBER BB Cardinium MR 2 18 7 32 By R LB
Table 2 Compatibility of crosses between Cardinium-infected and antibiotic-treated individuals of

the Shanxi population (SX) of Tetranychus cinnabarinus

HEHRA Kok PN

LB R (% )

LR (%) Fy AU Fy RUesi%
Cross type Number of Number of eggs Survival rate in
Hatchability Number of F, females Number of F; males
(ex8) individuals laid per female immature stages
SX* xSX* 34 31.03+0.79b  96.91 £0.55¢  96.38 +0.63 b 25.91+0.74 d 3.32+0.21 ab
SX* xSX~ 29 28.38 +0.87 ab  98.14 +0.61 ¢ 93.55+1.08 ab 21.76 £0.77 ¢ 4.34+0.24 ¢
SX ™~ xSX*(1)4 22 26.95+1.20a 43.55+5.16b  85.09+6.40 a 8.77+1.40 b 2.68 +£0.34 a
SX ™ xSX*(2)4 18 26.50 £1.05a  32.72+4.55a 93.78 £5.56 ab 5.61+0.99 a 2.83+0.37 a
SX ™ xSX~ 22 26.95+0.84a 98.55+0.40c 95.77+0.80 b 21.23+0.74 ¢ 4.09 +0.29 be
Fyin® 4.457* 148.974 1.940 87.042 6.712*

AR BB T LA LA S B HE1T I UK Number in parentheses indicates the sequence number of trials; 2878 38 (£ SE) 7E P =0. 01 /K
(™)FP=0.001 KFE(*™) 25582 (ANOVA) Means (+ SE) differ significantly at P =0. 01 level (** ) and P =0. 001 level ( **)
(ANOVA) , respectively. [F]3]5035)5 AR ECELE P =0. 05 /K |25 5% (Tukey HSD test) , Values in a column followed by different letters
are significantly different at P =0.05 level (Tukey HSD test). % 3 [fi] The same for Table 3.

F3 KRRMHEHFRZMAEE(GS) REERRBEMBE Cardinium M 2 82232 B F LB
Table 3 Compatibility of crosses between Cardinium-infected and antibiotic-treated individuals of

the Gansu population (GS) of Tetranychus cinnabarinus

g4 %m & (% , ,
Ak £ PN FALE (%) LB RIE 2 (% ) F, FOHEEE F, Foia
Cross type Number of Number of eggs Survival rate in
Hatchability Number of F, females Number of F; males
(ex8) individuals laid per female immature stages
GS* xGS* 26 25.27+0.65b  96.69+0.71a  97.73+0.74 a 20.08 +0.54 be 3.77+0.33 a
GS* xGS~ 25 25.08 +0.78 b 96.28 +0.64 a  97.52+0.61 a 19.68 +0.60 b 3.88+0.26 a
GS™ xGS* (1)4 19 18.11+0.86 a 100.00 +0.00 b  100.00 +0.00 b 0.00 +0.00 a 18.11 +0.86 b
GS™ xGS*(2)4 22 18.50 +0.82 a  100.00 +0.00 b  100.00 +0.00 b 0.00 +0.00 a 18.50 +0.82 b
GS™ xGS~ 22 25.82+0.98b  98.68+0.52b  98.23 +0.48 a 21.45+0.83 ¢ 3.50+0.25 a
Fyi00® 21.739 11.202 ™ 5.305 ** 410.555 = 215.859 =
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Fig. 1

Egg hatchability of the F, offspring produced by the crosses between antibiotic-treated and

Cardinium-infected individuals in the Shanxi population of Tetranychus cinnabarinus

3 g

MILTGFIH A 2 ASARED 56 B SR FREE bR
SUEE JR L 1 A S R A R A, B B AR T B R
Cardinium WIS, FEXT T 1 2 (2005 ) X ARHD - i
FERL F) 1% L, Wolbachia 1) S8 B B 98/, T
Cardinium HIEGEBIAERT R MR E MRYL R, X 1468
WERY RARAE Rl — M R EfAEN. BB

TR, TEART R Wolbachia H, Fo—A~f R W]
RES AR LE B AE F RORTALE], X FB A BE#K
H AR R B AE i R T E R, AT AR 1 CT
25#1 (Charlat et al., 2001, 2005), Engelstidter 5%
(2006) %f CI #LI fir #S2 AR BRI R B, X AT i CI
R NIESZ B P AT G B A EEFENA, FlHE
S A AN L —Fh A O R IR L R S N
E, MAEERAREWGE R, Cardinium Fl
Wolbachia TERGL KB PR TPIRIEHE, A5 %%



B 2R Acta Entomologica Sinica

53 %

1238
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12 + - ®- SX*2xSX*3
-0O- SX*2xSX-3
10 | —=— SX-9xSX*3

- & SX-2xSX-38

FEAL A% Number of parent pairs

0 10 20 30 40

50 60 70 80 90 100

F14CH#E 3 lo B Proportion of females in F1 generation (%)

B2 SREDIHE L VT AP AL B NG SE e Cardinium BWMEMERSZR 25 F, fUMESLPT &5 L

Fig. 2 Sex ratio ( proportion of females) in F1 offspring produced by the crosses between antibiotic-treated and

Cardinium-infected individuals in the Shanxi population of Tetranychus cinnabarinus

147
—a— GS*9xGS*3
—0— GS*9xGS-3

& GS9xGS-3

— —
oo o N
T T T

SEAZ A% Number of parent pairs
(=)}

0 70 75 80

85 90 95 100

F1 4G B el Proportion of females in F1 generation (%)

B3 REPIEEH A 22 N AP ERAL B S ARG A 5E 2R Cardinium WIMEHES 24385 F, M ST & LL B

Fig. 3 Sex ratio ( proportion of females) in F1 offspring produced by the crosses between antibiotic-treated and

Cardinium-infected individuals in the Gansu population of Tetranychus cinnabarinu
HFAREMAA GS™ @ xGS* & 2P AMEMER, BBA 76K R LA & W s /SR LB, Because there
was only male offspring in the CI cross GS~ @ x GS* &, the proportion of female offspring was not shown in the figure.

KEIRZT, MYE Engelstadter 57 (2006) fHEI1, I
ITTHEWTH 2 7] BB B A R R B ks 7 LS, 2
PR3 ATBE =4 T T CI, X fp CI & fif
Wolbachia FfEHEZEAK o

Xof HR ] ARAD 856 1 2 > 3t B R BT AU S T
REY, Cardinium GBI SRAD M5 B A 5047 R,
RIVHMIEA R, X 24k Wolbachia ZJ5 K ILHY
%2 EEE S CL Ay, 165 4 B/
W Encarsia pergandiella F 1,7 13 it 18 ( Hunter et al.,
2003) , CI 7E 2 i R b 23 5 R I N A R
MRAL ARV B R R E T, CIRI N

b B RS, SRR =R F, MRS AR,
E2 F, ARMEEE SR LA 3 R A &mb T
50% Dk Lo e AOB0R I 2 B T MR G FE
T=, BPSFEAb 3R L b 35 A0 4 A 19 3 040 3 2
50% . FATHISLIGHERR T w2 K 2B S BUER M
W55, WIFREEULEH Cardinium RS [ AR RD i i R
A G TN L2 (33% ~ 44% ) B L Wolbachia
JRRYL ) IR AL Fe R M K (56% ~99% ) ( Gotoh et al.,
2003, 2005) , A3 5% 4k R 3R OR B2 B B D,
BB EMEIEA I RTE 0% L) L, BrLAd
HARER Cardinium 276 B2 R RIHEZLM CL,
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PR B AR AL T BE 55 e 3 i 3 AR 0% - B8 1
A QAR R i R I 3R ZUE CT (Hoffmann
et al., 1986) , Tt S 5 v P A sl A A B2 /5 1
-3 d A5, BURTEE AT LB SL I A — 20 ¢
TE HERE R A X A R AR BE R . T ZE H A R B
AFEB A A R IR 5P 23851k 5 41% 100%
G, BN S, X5 Wolbachia Xf —3E
-6 ) A B TR FE 43 25 48) ( Perrot-Minnot et al.,
2002) ,

HBRE, RIE\ERMZATLL Cardinium 1 16S
rDNA JL[H 751 857 1 32 5 B (Liu er al., 2006) , 7]
DLE 1 vg AH A 2 A g R B b R
Cardinium B P FE— DX, HARGRRIEH M
W (FPFIMPRLEE S 99% ) , T B4 BREE 1E [7] — 1
YRR F R A B P R AR B CTRA, X
AT REULAA R 2% ¢ R AR HOE 1 i R AT AZE R — 1
YRR AR R, XWIFEKRE CI RN
KHY Cardinium (i R B EA P BAHKEHE, SHE
SRR, Cl FFRIBTEF B NSRRI RS
R, ATREZBIT — P EE AR R (1) A
[Fl i R Cardinium WEEFBIAF, IR 54
FEREA R ZEE T ZE T AR, (2) B b
FREE R R 7 A B A AR BT =, S8
HEI 2SR (3) EARAF EERANKBEYHED
SHES, FTRERH T3 B IR AHE I,
R RBAFFBWGER ., FHAEF A RBE B
fh—SE R YE . BLAh, 40P A% BRI A £ B i
FREWA RS CI MRAEG R, WRAKKREE L
PR 32 A B P 1) Cardinium N TR 3] — MK
IR R BB T AR Cardinium R I H
AERAEFERBIFEED, R4 Wi Bt e g B
AREMXEBHALT .
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