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Effect of Wolbachia Infection on Fitness of Resistance to Dicofol
in Tetranychus urticae (Acarina: Tetranychidae)

2HE - REY - =IIF

Tae Joong Yoon, Mun Il Ryoo* and Kijong Cho

Abstract - Contribution of Wolbachia infection to fitness of a species (developmental time, adult
life span, fecundity and ovipositional period) was measured in the susceptible and dicofol-resistant
strains of two spotted spider mite, Tetranychus urticae Koch, on miniature roses. Based on fisZ PCR
assay, Wolbachia infection was confirmed only in the susceptible strain. The susceptible strain had
significantly higher fecundity (eggs/female) and shorter developmental times than the resistant strain.
Longer adult life span and ovipositional period were observed in the susceptible strain. Fitness
differences were appeared to influence dicofol resistance development. Similar measurements were
performed with progeny from two reciprocal F; crosses. Similar to other examples of cytoplasmic
incompatibility induced by Woelbachia, subsequent cross between uninfected female and infected
male spider mites were different from the other combination: a high egg mortality and a male-biased
sex ratio. When the intrinsic rate of natural increase was calculated, the cross between uninfected
female and infected male spider mites had a significantly lower rate (0.09£0.01) than did the other
combination (0.20+0.01). These results suggest that the dynamic and evolution of the fitness are
closely associated with dicofol resistance and Wolbachia infection in the two spotted spider mites.

Key Words - Tetranychus urticae, Resistance, Fitness, Difcofol, Wolbachia, Cytoplasmic
incompatibility

E T - WolbachiaZ}g o) ¥12E 5AAE AtelSol 2} HAAE Hulo)Sof Aol
H R oFECUE, 51, AN, AR IZh S v|YAEF 7R 2ARNIE fisZ PCRZA Y ZH
2] AEe] Wolbachiad) 7r83 7HAog AR A A B2 234 A B w8 2 At
gl wE da-go] FAEY o, AHEega AR A S A ZYE o] A
=7} D ZEXIA] SR d RS LT QR RAFT Utk FUE FAE Abs ]zl
A zARE A3}, Wolbachia| Y92 73 Wolbachia®]7td A& sk 2ol 2
APdgs EHE ez fEkE o] A¥AH Q] Wolbachias) o8] fres v Ml=zd B33 &
RBeodF 3 glvh w8k Wolbachiaol 4% 457 Wolbachia®)Zdd $7lEge] WARAE7 M
Z(0.094£001) b2 28020+£001)0] uls) 4-2JshA Ropch 2 Age] A7AAL ko]
oo Agr=o] whds) sy} A dA] 4323 WolbachiaZY @l WA d@;=H o] 9SS He
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Z O] - Awto)gof, A4, M=, W E, Wolbachia, M| £ E3A]

At o) 2o (Tetranychus urticae Koch)yx #13 = ¢l
A BAMNE g w2 SAE)E /R
delsl ez 2HF Au|Ale gl i o] whz
WHEHE Folvh upehs Aubo]gofe] wpAAHE
gages AEH dAe GAAFY BT F
2oz 3= 2R #A= AA &Aoo
(Helle, 1965; Dennehy and Granett, 1984). 434 ]|
AEt AA A= 8 F AR oA AR F
AA e Mg EHon xPFo A Ay &
2e oA =E AQA7EE L FAe] Ut wet
A A& 4428 (genotype)ell e A=< A
ol AFA Wbl Z dgE v]A o YA "ok
Jubd ez AW kA A LA AL
o) Agmr} delAe AHE 2T 4 W7 e
o ArzAlY FEHQ A4S T AALH A
F4 dxke e gAE T elrta Fad A
Azo=me] 3EL fx@ ¢ A& Aolehe B
7} ¢)=}F(Roush and McKenzie 1987; Denholm and
Rowland, 1992).

stA <A A ANALL AP AL ¥lE
o AgErst e GA= dussrlds o
o] 28] A7} vk v|F oA Fube]gef HHA
g0z o] A4 Y H@ZTo HE A A
uho] el AAA-Z Ag=el] W3 vlmATE] A
2 ArY AHE-E Bel= Aol L Helvh. HAaE
Aze Fohgt oke] TAAM HzZE AFPA A
o]2o MAZY e FHE A (Dennhy and
Granett, 1984y 34 A9 Ag=rt A
AA 2ol vlE] @ele AME AR B T
oleh. o2 T A Aol MAL A
27} zhA] A Bt @A vH(Zilbermints et al.,
1969) %2 ATmAN Hol7h Agieke wuEel
9] o] (Mizutani ef al., 1988) ¥l 2E A8+A] Aulto]$
of AAEY A= AL W2 Y=t =3 Ahn
ot al (1997)& F2E AP Hetolgele) AY=
7 gxst BAS YT B3] ARES 87
2A7s ATl Jee BTt

Breeuwer and Jacobs (1996)= WolbachiaX|¢] &
wlo] oo} EAl-Zofo] ] 7St Mz E
2}8}A] (cytoplasmic incompatibility)& o713l 7
oz pshelch Autelgols ol AHERAAY
(arrhenotoky) 2 3= | EEo|AM Wolbachia
o)t MEA 2542 Wolbachias) ZHER 7

MAG ART FR AT} sk AS-o] del
v, Wb 9] 72§l = vhElA] ek A (uni-
direction). oz A|x7 23] WA 7o
2 #AZ8 w7t vehdA Hed ole dFle] F
= o]ujA|(diploid)®] w2 APEe] 7)ol Aoz
o2l gl (Breeuwer, 1997). wetr| Wolbachia:
A 7 o Bo) Gbo]Lof MAE A Fwe
AAA e g nAA Hi= AL APg o]F 9
o},

A $A A o wE Wolbachia 7353 o] ke
o Aol mxE <L A"EA FHIHH
A8y 2y g ouhg-g 6 AplF ez g E5T S
e 718 27t wE 4 9lew, =3 o)F 7
2oz F2AQ A AT £YE 4 & A
ot} 2 AFL dF:Zo ZHpAd AEH A4
Ql A% mijzgE T 7 2 AEES
B %S5 Wolbachia Ztel we wlWAdng 7|5
2 BAFo 4 Auto|gof sl A=
wWlel] whE A3A HA4A vz W3] sPeAs
FRslZ o] ANE Av|3ele] AgHoz A4
4 9= 7228 E AR £PHAH.

xH_@_ al

0

H

Huto| Soff

B Age Agd Aol sof HRE F4AA
2898 AFHAFRRL FgAdr|ed FHE
BER adgEate)A] 1998y Fof whel mtygt
& MAZ Azt AN 7T (Phaseolus
vulgaris L)& 7152 3l 2% 25+1.0°C, A<
= 602 10%, B37] 16:8(F 1 9hHe] =7 NN Zzt
WAL AbgA Mol FAE gt SSABE-E Bk
=8 go] $xFgon, RRA 52 oJAE LCyp 4~
Foz A&How =efAA A £EH AL
g2 5k RRAES] LCs 32 60613 ppmo =
SSAZ-2] 26.0ppmell vlsted <F 23262 AEAE
==

J|=AlE

kol ol AFwE w1178 (Rosa hybrida Hort,
var, ‘Live Wire )& 7|32 3le zAE gl A ¥
AlZbAR m)u) Aol abamectin (AHEY: 2B %),
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18% A& Azt wyAule] 23l =&
Foll 2l ALERE A AT Ad A7) A
Hho] S-offol] WX o8Fg FH A7) fl3ld mE
A& Fdg Yolet =9 ujAan| ol S5
=it

PCRE 0|28t Wolbachia HH

Hulolgof 2] Wolbachiaol] €% 79 ARE
Wolbachia B-0)# ¢l primer £3-& A}l fisZ &
WA ARe) 2F AR(0bpE EA A% 9
o HAA sk (Primerl: 5'-GAT CCG TAT GCC
GAT TGC AGA GCT TG-3'3} Primer2: 5'-AAT TCG
CCA TGA GTA TTC ACT TGG CT-3'). Au}o|-2-of
10m}2] (33 5uhe], 23] 5ule))E microtubeol] W
a2 vkt &, 50 wle] 5% Chelex soluiion 1 plL)
Proteinase-K (20 mg/mD2 2-& & 10% 9t A&
Eg(vortex)EF e} o] 5 37°Cof|l A 308-Ft R
&3 ohA] & A2 &, 15000 gl A 28-%<) 14
FEsisie). ol 2 96°C2 719 F w}A] 15,000 gol A
18 F9F 94295l 45Y-% #38le] PCR assay
o] o}-£-3}9]}(Breeuwer, 1997). PCR uF-2-8-2- 10l
sample DNA, 2.5 ul 10 x Buffer, 0.2 nl¢] dNTPs
mixture (7} 10 mM), 0.3 ul2] primerl®} primer2 (2}
20mM), 0.1 wl Taq 18] ddH,0=2 A= .

Wolbachia ftsZ DNA %] =3Z-2. MJ Research thermal
controller (Watertown, MA)Z A}&-3}e], 94°C 11,
55°C 18,72°C 389 =A ez 13 vlEsla 94°C
152, 55°C 18, 72°C 352 ZAc|A] 355 uhas
o). PCR ¥-2-9 4 ulE 0.7% agarose gel Arell 4] A
7)1od =3 & ethidium bromide® <A &le] ZZEA}

22 £A% salstast

Huto|Zof W U MEAL TA}

Apol-goll g B AEAbs 474A aaghe
Aoz zA7F $3HAT: ReRy, $2S3, SeRy
2 ReSs2. ReRsy3 S5S84-2 ZHzF RRA S SSA
B2 n)dn, SeR¢ 9 ReSs= RRAES SSAHAE
& A% wwl) (reciprocal crossing)3}ed #+E-o) T}

A=A 5S5cm)ell o AL @AHE
2 4709 nluUAegE RAde] $|= s)A 3
F Mz FAA =5 wdst AgAE FejEg
ot 2k s el A arw] st Aulbe]gel 15 1wfE]
E AugelA 14)7F Fot AE 53 F 74 o
of & Mg @z A 4 HEE 2F A
Azt web 8 2Abs 598 Q¥ez F
A 7] mzge] A Ass Riloz 4
P At 4 izl 4T MAEE 25+

0.5°C, &% 60+10%, F57] 16:8 (3 : D=
FER Y FE7HA BAAA s g 124]
7 Aoz ARG 38 3L Ae
st A 79 W8-S 2ABIAE. 2AF HA
= & e wE) Zelv) slglert #H4 401}
g o]atelglv.

gl 7b melzdela -3 24417 m)Eke]
anE A g S RS SR 4 1%
< e Agd FdsA FRE APA e AE3)
T 2% 25+05°C, A4 % 60+10%, 357] 16:
8(3: =2 =AY &7 RsiHM 2AMES)
ot z} s g Algby, e, WAbtg, 31
A 3 AU AAA ARE FYE
A&7IN A 24A17F 1A o 2 zALEIgI T W FALA
Aol Sl AlSdA A Arlgdes SAF
WA e A w7k AHHozm ZAMEY
ot Zb w2 ukES 32964 84ezm F
A= 9w

Az B

Zb sl =3 (ReRy, S2S4. SeRy P ReSy)E
AAAZIENH oY BFELAE A7 H94FA
¥ (maximum likelihood method) (Pielou, 1969)3}-
Yackknife W 0.2 =& 3lth(Meyer, 1986). 4=
24 BA-£ PROC LIFETESTZ o]fsle] R-A3)
Ka, 7 28 FFy ¥ime FA4H-2(PROC
GLM)# t-ZA(PROC TTEST)E o3l BA35)
AT}H(SAS Institute, 1994).

Z2 =

ftsZ PCR 23}, AR A Bl A 730 bpR-oll A 4l
=7} #ARE Y3 Wolbachiad| 73939 oz Zql
AT AFAA B Wolbachias) 7ZFEHA] &
Aoz ersF o (Fig. 1). Wolbachia®] 7uto] Lo
g ke Ul oz olwlz] ¢l oj(Breeuwer,
1997) AFAAAEHR A5 A% T AFe]
Z3817t Wolbachia®) °3sF3 717t 718l

a2 AHubolgel AT 7Y LKy

2 2, 719 E&dee AFZE Aoz}t
G ok (P>005), PAL Fu|=d7 BgdS 3}
)7} 4-2]3} T (P<0.05) (Table 1). ReS 5 mnf 25
FAAE FESdSE 110742 8 avz
Fo} gRRe F3A A AP <0.05). A A
T SeSp)AkEe] AR w7l WETZE Hele
F2 3R] kARt A A B ReRy)E FFlo] 5

22,

o

Pl
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Fig. 1. PCR analysis of Wolbachia infection in Tetraychus urticae
using specific primers. PCR products were electrophoresed on a
0.7% agarose gel and strained with ethidium bromide. Lane 1
was DNA size marker; Lane 2 was a negative control which
lacked genomic DNA; Lane 3 and 4 showed amplification
products in dicofol susceptible and resistant strains, respectively.

Table 1. Comparison of developmental period and adult life
span of susceptible strain (S3Syz). resistant strain (ReR4) and
two reciprocal crosses (SeR s and R3Sy4) of Tetranychus urticae
at 25°C on miniature rose

Developmental = 4 4,11 1ife span+SE

a + -
Sex Cross n té?;edzyssl)a (in days)
5284 121 9.97+0.03b 21.57+1.12ab
Female SsRsz 73 9.99+0.06b 18.92+1.57bc
RaSy 40 11.07x£0.13a 24.52+1.84a
RzRy 215 10.09£0.03b 15.02+£1.04c¢
Male S» 93 9.82£0.03 31.00+2.07
Ry 115 9.91:+0.03 2520£242

Means followed by same letter within a column were not significantly
different (LSD; P=>0.05).
4 Number of individuals lested.

Zuo 29 (P<0.05).

2y ) 2% (ReRs, SeS7, SeRy F ReSy)ellA
FAT A0 HEBNL AH $ALD ]
AE B (survival analysis)ye AARE A3 aeE
g7y AEZA Ae)s) E;ﬂ;d__i 2-9)5lei ok (g
A: 2= 17.68; df=3; P<0.05; %7: x>=3.88: df=1;
P<005) (Fig. 2). &9 HFpgdL alzgel A
Fglo] £78 o] GAEST A ojHE 2
e $7] e 2] AFAAE ol o
A& AAE zgslA] 4ghr] Wi HeE Als
2o} Hubol S A& wnF $)3l i T
How FE GdAS 3l ’:J_?ﬁ?Lg o] o|@E}
A Hgle, olel] w2 Aibs Aol gl HFTH
I A e %i‘ﬂ AREAs 23A7]A] gaket

N i e PR B I B L )
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Fig. 2. Survival of various crosses of adult Tetranychus urticae
on miniature-rose at 25+0.5°C.

S 4: Dicofol susceptible male, R 5 : Dicofol resistant male, S2S3:
Dicofol susceptible female, R 3R 3: Dicofol resistant female, Sy
Rg and ReS 4 : Female progeny of Fy crosses.

o} ZREHP<0.05) (Table 1). 421 w2 % A3}
A 4R s 2% (ReRs, SeRy)e] o]
A 473 wallg]l 28(S9S4,ReSe)HT {218}
A DLHP<005). AEH o2 Huto] gl 452
"3 24 Wzt @ Aol et Aelsty, 59
2R FL L 2AHA ] g ke &
/J. &g Heo| F3 3l
S3Sp9) SRyl 2T A9 Akt Al
7172 RyRy 9} ReSyEd 7ol niste] #-23)
A B A (AFR7IZE: F=1245; df = 3,144
P<0.01, &A= F=15.02; df=3,147, P<0.01)
(Table 2). B3] Wolbachia® Zr9% ZreAaZa
A F7lE el sk ReS 9] Wx|AREF Alu|(H
/A "’F + o2 oz EH wlas)

Aoz Yﬁ%}ﬁ ME|(F =23.84; df=3,147; P<
00DNE Redx3 gle] AZA) Wolbachiao] 2|3t
Qa8 BeiFm ST (Table 2). =X Rs
Sy 23] WAAAZ/HEEE 00942 H3E
gl viskd o19 R e welFm ol
(P<0.05).
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Table 2. Comparison of fecundity (mean=+ SE), egg mortality (mean+ SE), sex ratio (mean & SE) and intrinsic rate of natural increase
(mean =+ SE) of susceptible strain (S35 4), resistant strain (RgR 4) and two reciprocal crosses (SeR 4 and ReS4) of Tetranychus urticae

at 25°C on miniature rose

Cross

Sz x84 Se xRy Re xSy Ra xRy
e 44 40 27 37
No. of eggs 39.9+2.19a 425+3.57a 22.0+4.25b 18.9+2.78b
Egg mortality (%) 15.9+3.0b 11.7£2.8b 30.1+4.5a 9.1+19b
Sex ratio® 0.65:£0.03b 0.74+0.02a 0.3940.03¢ 0.59+0.03b
Ovipositional period in days 153+0.98a 168+1.4a 99+1.17b 8.7£0.83b
Intrinsic rate of increase 020+£001a 0.20+0.01a 009+001c 0.14+0.01b

Means followed by same Jetter within a raw were not significantly different (LSD; P>>0.05).

*Number of individuals tested.
b Sex ratio =female progeny/total progeny.

L.

E AR Hubol-of A Hgx: A
HH 207} WolbachiaZYdol & Alz2 233
4 Lqlo] A2 Feahgg dta glEE Bef F3
Nk AE el o] f8 Sl F FAFAAFTLS
Wolbachia| ZtQ= o] AFAAA GG 27} =
Aoz ZAMES(Fig. 2). AT Ag=rs 7
FAAE-0] WS, £, Al A2 B A3
of #|AEE 2iEe] HAAA L wls] Fot
Aol 2o AR AR A¥er) g4 B
o Folv}(Table 1, 2). |28 A3 Wolbachia)
ot M= EaAell= 93-S Wix] oA Hi=d
3 eo)f= Wolbachia®] 3 sk o= #)3
7] w-Zo]t}(Breeuwer, 1997). B Al ZHIx
Dennchy ef al. (1989)2] Hule]|2ele] vzmE 3}
Aol I Buel FAslE.ou, d3E AgA]
AEH Al A5k s Aozl s
E.31(Koh, 1993)8} A aA] Al B 3]3] =PA
Ao Abzbsrl 2r)slgoiE B (Zilbermints
et al., 1969)8}= Aty ZAate|c}. Ahn et al. (1997)
2 ExxAY (FEAFY A8Y A== 23
g @A otz B wstE e, 20°Ce) 30°C =7
AME AR Aol AIAAFESG &
AR, B AR YT =7 25°CHM =
At AFARE B

2 AHAME 7T A ARSE2 Al
$ofE rlUA A HIdEE ZAFEl, 7| FAF
o] & A7} Fo)E opIFE JlsAel 9
74k, Sabelis (1981)% A upe]gof ] w877k 2 Al
5] FhdFolA Aulz ABsHe A F¢S
WhR] okevhy W3] V)FEAS uE A3
el @& 7oz Atailth

Auto] ool X Wolbachiasl )3+ A=A B3}8
23-& Wolbachiasl| 7345 7 Akl 179 =
g Al Rk LA = o)) A= g FEA}
&3 #7lez #Em Aviz vebhdA =Ho
(Breeuwer and Jacobs, 1996) Alak4= w894 Al&E
AEE Sl G3E nXA gy Aoz UEA
sltt(Breeuwer, 1997). & A&HoA ReS,aulxd
o] XA o] SeRy R M $ 1 w3t A
H7b e HEH HI(Table 1,2)E A=A
Wolbachiao| 218t M 23 238A4-& FAHE ¥4
F3 9l AR 2 AYZH ReSy9k SeRypan
7 A&7z A5 1 AR E e
= Aoz zx5e] Breeuwer (1997)7) 2ust A3
o} Aot} o= Wolbachiadl 218F M x4 23}
g9 AR 9QEe] N2 BEihgosg k4
ate] dAE AA=tT AlEEHY o)E A9gsts] 4
Bed A= o2 24 940 23"

Hutel-gol 2] Wolbachias)| &3 A3 2384
2 BAFAGA R sk ozl AEE &
Aol glemg ofZEAbeA Wolbachias) 23 A
Bho] 3o} A= W3= Wolbachiad] Z3HE S-of
NF =] &3 oA ok F 7 AAul
=571 Yo Wolbachiad) 2|3+ ko] wh=7] v}
g 4 AN FEAA st FolEges 1
Jgfo] FAE ZrastA € 4 At uhgtA okslE
Al A Wolbachiael] 218 Hyg=wE& setsin
FA517] $5ted M= WolbachiaZrd NA|Rl==AF
7} HkEA] SsFE o) Fh,

2 AF4SAE= MY #Y g A G4
H 2 AFSA ) Fsly 902¢ 3 HoAF
I Yt AFEAS 5 22 d9He =8¢t
2l olu2} Wolbachias) 72 714 )|} 7)
ZF=2}E-(Gotoh ef al., 1993) Tof] 2]F) o}7]® £ 9
o ZHEE 3 AP Jh 473 5 x6g
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A= Wl oM A e
Rt opAg =AY 239 A%
B4 o $3=Z(Ahn et al., 1997) Fo] Fefsh=
ol AAFe gaisle] Sy @ s E)e]of g
.

AL AL

2 rEe mANSE 2RI ALY A
%: KO122300)e] 2j8 o 745}t
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