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= % & % (Thrips palmi) O SHAFATFEET AR IHAL

iep X 5 & K (Tospovirus) 4 - bl4cd N sy 4 (Watermelon silver
mottle virus, WSMoV) - ~# 3 /it s & 4] 5 @4 WSMoV g % d Aol
HWH LR F RN e R A S TR - BB oS E R ER
:}%iifﬁ#%:)ﬁs#’f EREN - [P EETRS > FFTISADED
Hops o ® ¥ F EERE LY 5 & (reverse transcription-polymerase chain
reaction) Rl ¥ £ 3 WSMoV 2% 4 ¥-¢ (nonstructural protein) 1:},‘5%
3 4 RNA (viral complementary RNA) 2z RT-PCR A # - f&ia WSMoV &

FASHMP e FEN T REET ST RS M F A
(persistent-propagative) @& 3% #° 5% @ 4% WSMoV o 53 & 4] § ch 3 8% 2
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2ok s WSMoV e R g8 * A A5 287833 EHPFE %
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The melon thrips (Thrips palmi) is a pest on cucurbit crops but also a vector
that transmits tospoviruses, for example Watermelon silver mottle virus (WSMoV).
In this study, the transmission mode of WSMoV by T. palmi was clarified. The
results of transmission assay indicate that first-instar larvae, second-instar larvae
and adults of T. palmi acquired the virus and transmitted the virus. However, adults
had the highest transmission efficiency when they acquired the virus at first-instar
stage. Using reverse transcription-polymerase chain reaction, the WSMoV M
RNA’s complementary RNA of which ecodes virus nostructural protein was
detected in virus-infected thrips. These results suggest that T. palmi transmits
WSMoV in a persistent-propagative manner. Further, the effect of WSMoV
infection on survival rate and developmental time of T. pami larvae was examined.
The developmental time and survival rate of WSMoV-infected T. palmi larvae were
not different from those of healthy thrips. When T. palmi fed on the
WSMoV-infected plants, either healthy thrips or virus-infected thrips grew faster
than thrips fed on healthy plants. These results imply that WSMoV did not directly
affect T. palmi, but WSMoV infection affects the developmental time indirectly
through the WSMoV-infected plant. In feeding preference test of T. palmi adults,
both male and female thrips prefered thrips-damaged plant and more males stayed
on WSMoV-infected watermelon seedling, but females did not. Theese results
indicate T. palmi is attracted by thrips damage and WSMoV infection. In this study,
I not only exanined the transmission mode of WSMoV by Thrips palmi, but also
studied on the interaction between virus and thrips vector. However, the effect of
WSMoV infection on T. palmi should be studied in details to clarify the actual

relationships between them.
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Z- a5 &5 (Thripspalmi) @& A &sapm+  (Watermelon silver mottle
VIFUS, WSMOV) 8 3 3 3 oot 16
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PAFEERFEAFRESF L L AP A ER DT ENT A
(Citrullus lanatus) 2 % &= 4% /» (Cucumis melo) (Peng et al., 2011) - i % A
R ivy st g EmY ’ﬁﬁ—%ﬁ%vﬁsi R A FE S AR PBLIF A b
2006 £ £ ek RER AT s 5 45 (Thrips palmi) #7 @4 ha A
#pags 4 (Watermelon silver mottle virus, WSMoV) g % > ¢+ 8 & ~F &
%~ 44 (8 2011; Peng etal., 2011) o fo B > sk 0 L fE7 b il
A5 (transmission mode) @ L p A oA A BB A HBIFHC
Yo 4 B g R (acquisition access period, AAP) -~ X g
(latent period) £ ¥ % @ 34+ 5 4 HpF B (persistent period) » 4 = 1
T 8 (1) ¥ @ (nonpersistent transmission) 5 (2) L 4F 4 @ 3
(semipersistent transmission) ; (3) # 4 £ @ 3% (persistent transmission) (Nault,
1997) - HFH M BB 7 kmd LI HAHA T HE > w5
F 95 %A (persistent-circulative) £+ 3 2.3 7 4] (persistent-propagative)
(Hougenhout et al., 2008) - * % #iIcen B 448 4~ i F 2 kF LXiBp REP
(Hemiptera) = #* p & & (Thysanoptera) @& # (Hougenhout et al.,
2008) -

BB R R G AP wrE - R BB BT R LR
# #  (Buyaviridae) %
(Whitfield et al., 2005) - iz £ &) 5 &2 H & 35 12 @0 B p 3 p 4

ARt A RENS AN EE RS A FHEN AN BRS

(Ulman et al., 1992; van de Wetering et al., 1996) = § & & ** &P~ 8 % 512+

iopd X o 4 b (Tospovirus) s & s 4 & A

bR o € - H éz?fﬂj‘gfﬁiigﬁrff_ﬁﬁ , Iﬁiigﬁrﬁlﬁ'lgﬁ;d o
(foregut) :& » ¢ * (midgut) » &2 # % e } ﬁqﬁﬁg SR ER L KRR
X ¢ B R L (microvillag) »t H e p W E > BE Y S MRS o
SR N TR L et o i fS e o~ ik ® (hemolymph) £ F & 4
Hoves o S it vk o (salivary gland) > & @ & g B B P 74T R

@ A g % (Ulmanetal., 1993) - ¥ 5 4 I fivse X4 ] 5 WP



2 Egd gRadaY gastpfabd (ligament) » i & v i
B2 ofr gt gd ook ® K@ PE 2 4 »cF (Nagataetal, 1999) o %
fﬁﬁi I TR i SR I TR - Rl N =9 R SRR ERE S R R e
FoRA AR BRfAHF RS (Whitfield et al., 2005) -
ﬁ%ﬁ%%iﬁ#ﬂ%@%’%"@%wﬁ#bﬁ%@ﬁ i 3 (T
ot w}?ﬁﬂzﬁ——:}ﬁ% —%itﬁ_%;dﬁaﬁ?mzj T AP g d FLAMRDES o2
FATEL RN FFALLGHEIBSEL AP RS > TL HS R H
T B S ik 3 @ (fitness) =]+ (Sisterson, 2009) o 12 fLenfT 7 & ¥ Fl O
R AT e B g RGTEF HEFET FRT (DeAngelis
etal., 1993) iz 4% k4% % _&mﬂ"a‘ﬁ 4 K,ért TR m By AR el o
4o o B2 50 (Bautista et al.,, 1995; Maris et al., 2004; Belliure et al., 2005;
Stumpf and Kennedy, 2007; Abe et al. , 2012) & & 8% (Wijkamp et al.,
1996) - ¥ Maris et al. (2004) #= 3 # R % & & & > =4 & (Frankliniella
occidentalis) % B4 £ 3R 4 % :s’?«ﬁi?éiﬁs:i (Tomato spotted wilt virus,
TSWV) a4 pF » H 7@ FHEF 3 WHL LR
TSWV # 4 .-JF%&HJ,% FEFZEEI G o BKd D RS SRR
B FERAAFBA R LK TSWY 2 FiffFr 25 FmREE DR
4 TSWV 2z CFL A3yt g b H 2 A 5 FFHRFR L
W RS R AL R R TSWV 2 RG2 A MitkiEd - g 5 %
33
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b B G REFE LR ,Jrﬂ &% ¥ 41 B (Stumpf and Kennedy,
2007) - d p ¥ 4 TSWV A 3tk en? o $omdh s A g 3 doc i 7 5
A o A PR 2 G 0 5 Wijkamp et al. (1996) % % £ (Petunia x
hybrida Hort) £ % =i & m 2 g 42 TSWV 2 d > 7“4 b & ° > B %

FRAECEL AHFTALE -

Kil>

7 M A 8 H R R PRS2 K412 0 Chaisuekul and Riley (2005)
da i EX a8 (F fusca) *v i TSWV g % 2w #% § # ¥ (Portulaca
oleraceae) (HA PR M E 5 itk v WA A E > L AR L TSWV 2 2 4 v
WA PE T LG BEFALR o & Marisetal. (2004) Rl% - F.occidentalis i# ¥



% TSWV R %2 ##s (Capsicum annuum) eh@ Bk ¥ 530 i B #h - & &

AR A S HE L RS TR S A - F A
‘i‘?j'kéi%ﬁuc,‘%rﬁ *}; 22 oo

I VI e .%fwﬁ;{‘ % o Y Ak
BEFT RS E TSWV, Ra s Fy A A AL RBEEFTT S5
L S Rl T L RO T R SR TN I N
F % b > w i Stumpfand Kennedy (2007) # s TSWV #d * i g
I N EE RN £ - T I - Tf‘ué“i?fﬁ o~ dtim e o { PR
A RS EAE AR hE A fEA o R d S TH S E TSWY
FARARDGEE —p A R RAFELHEY AN BR R A
PrELZmpE s —s R e h 2 EBHELE KIS - WSMoV S -3
Hhos T HIRELAFNEREE > & FEH TN HE
Mos a2 s < X e % (Bhatti, 1998; Cannon et al., 2007) » 2 # i
Wy ERapE AL 7 22 FBFEF A SHEE S (§ 2 M 2004)

T A ST BIALE 4 fAu g Tospovirus ’%mfﬁﬁ-% - S O
A =5 i~ gk 4 (Calla lily chlorotic spot virus) ~ # # i 54 (Capsicum
chlorosis virus) ~* % /~ 5 s 4 (Melon yellow spot virus) ~ =2 78 % 3B
# (Groundnut bud necrosis virus) » @ /A 7B 5 3% :)ja_:/}a‘ai (Watermelon bud necrosis
virus) 0 £ & e gt g5 2 WSMoV & - o B 4] 8 A4 (Yeh et al,,
1992; Pappu et al., 2009) » % & > & > WSMoV & £ ¥ % % - A4 %

B Tospovirus Behm d 0 A R g AT A EER AR LB L
(Cucurbitaceae) T4 » 4% A% (T 2 4 WSMoV #¥ 4 i 2 £ <
% (Yehetal, 1992; m % 2004) -

FERTMEF HAEE WSMoV 3% 3 X €53 g8 s &

g & WSMoV ﬁﬂ:}ﬁi%?i‘o&ﬁ./}&ﬁ—e@, S ¥ e F BB 2 R
v TR EHEH (F 2 019975 F 2 p - 2004) 5 A S G 0 Rl E
* WSMoV # ¥ H a3 » 4o #2 LRNA- MRNA - SRNA i {7 2
Bt~ A g WSMoV A %14 R & i & & ¥ (serogroup) F %

3



(Yeh et al., 1996; Chu and Yeh, 1998; Chu et al., 2001; Chen et al., 2010;
Okuda etal., 2003) - %% & 4 & 3 WSMoV 4 # £ 5 » A ul$ i
¥ (2004) 3 WSMoV =*tw @ 2 2 s e ieiidpd o ¥
®t Chen et al. (2006) " Ha § A/ S 7 ¥ W2EFEF LS FFH

—

BB HE S @ WSMoVe g 0 b A ade 2 v o & MY WSMoV
A FHB LM T e gE o TS > LS E S BH WSMoV
WS e 2 B O WSMoV 2 8 §F W B 2 B3 ivr § 2 eg
.]ﬁ—_o

A PG - (1) 8% H S B4 WSMoV @ikl s o ¢
FAFHE BB WA AL R R ET A Z S HE S B
BARFLRE (2 FBAFLRAE L DI FY 0 FH WSMoV
AR AHIEHIPABEF FTEFEFESATS b
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L s %8 bz pa

AFAAAAEEN PR LB FF % EF T (Solanum

melongena) # + > 5458 2 » 5 & RlFEw (EPPO/CABI, 1997; 1 > 2002) -

% % & & ¢ stock population ¥ * % ¥ 4 p 752 % (Phaseolus coccineus)

g R R TT2aEY E ~EJE 75 288 16 24 RN G R
P

e I aEY > P aEC RT3 oo 250 g

=

(25+2°C - 16L:8D)» f te* 3 P L - ZATHTT2 Y FHE5P8 o 3 EF
&2 ke L a5 0 jcd 400-500 & & % A8 AR R A
(Cucumis sativus) * & & & foh M BAEH & 9P o ] F AR E A RN G L
Meh 2 A s o B P E TS 20 250 g pihmiges5 Pl
PPt 4 R AL - BB AETRY -

rAF T 9 WSMoV 5 3 4 3tk (isolate) d 2 a B ¥ 2 3#
BR AT E®RE S & Ay (C. lanatus ‘Fine light’) 4% 5 =% *
WSMoV » fafa >t 4 £ 48 (25 £ 2C > 16L:8D) - F &%= %S a B ¥:2 15 %
E R4 WSMoV x4 A :fliaf;iu WREAS A EACFEA T (Nicotiana
benthamiana): £ #-fiug 4 WSMoV ik X iF L i ap A Al &
E-REEGDT AT FE  cBREAD ZFMELT I RGREASTTEG
BT & k|# (carborudum powder, 500 mesh) » B~g 4 WSMoV =z &3 & %
1g 420 %3 > 8 F 2 (celite) 2 10 ml &4 EE¥ % (001 M
phosphate buffer, pH 7.0, 1% Na;SO3) 2z k& # & ¢ 7 Eis > #-g 2 WSMoV
FHE A R L K RAER P o F L A Eg R R
o ZFEH WSMoV 7 %1% w4 2 vk h) 5 Boa 4 > WSMoV
TG A BRBAENE AT c FRFHM SEFRG AIHEPA
WFANRRBRHRES > A R RE S 2% WSMoV f d A dRfE T T
E#HY L  FREAT AL psr (F-B) £ WSMoV g MEH ¥
THEPREE S SRBITE - PR E2F A e BT 2 ARFTHE R

B2 Fpupd - BilF A s EERLFD Y S L (Reverse

%
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transcription polymerase chain reaction, RT-PCR) +# #l & A~ w & % %

WSMoV & % (F1=B):» nrmas# Ent .

(A) (B)

B- ~(A) & F £ 3 (Nicotiana benthamiana) - (B) g % & » ﬁﬁi:}ﬁai
(Watermelon silver mottle virus, WSMoV) z FlE# ¥ - % F £ 'L ¥ g
2 WSMoV F?«‘Jﬁai‘a‘,ﬁ:é FTE B ﬁ‘ﬁﬁ ¢

Fig. 1. (A) Healthy tobacco (Nicotiana benthamiana). (B) The symptoms of

Watermelon silver mottle virus-infected tobacco seedling are crinkling

and curling of new foliors.



(A) (B)

W= ~(A) &% d Aa (Citrullus lanatus) - (B) & % & /S &z 4
(Watermelon silver mottle virus, WSMoV) z & A% o & A v g %
WSMoV s ATEM S © ~BFEERL L2 -5 R EHR
% o

Fig. 2. (A) Healthy watermelon (Citrullus lanatus). (B) The symptoms of
Watermelon silver mottle virus-infected watermelon seedling are leaf
mottling, crinkling, upright growth of younger branch, tip necrosis and

dieback.

2. F R AT A R

“t 3 dp RiE 4 (source plant) 3212 RT-PCR & #l#z e WSMoV
B %4 o RT-PCR i * & - 43513 ¥+ WSMoV848 (5’-ATCACCATCATCCACA
G-3’) ¥ WSMOoVR (5’-GAGGAGAGAGCAATC GAGG C-3) 7 i :x p Uga
and Tsuda (2005) - iz 4% WSMoV 2 SRNA _} @ 3¢ & F] (Nucleocapsid
protein gene) % 3’ 2% % (3’untranslated region) K 3 o gt 313 -3

tg A~ ¥ 5 800bp ey pg A 4~ - 2 TRIzol (Invitrogen, Carlsbad, CA) 14

=)
T

b

EiF 4 4 0 total RNA- B~ 0.01g EFfE 4 £ 5 > 3t 100 ul TRIzol £ %
B § - A2F B> H & oojp &~ 3t (phase separation) 2 RNA sk i 4% > i’é@‘}
Pedf v+ p 3% iTo-Total RNA # B~ = = {8 ﬁ P& One step RT-PCR kit (Qiagen,

7



Valencia, CA) # iTiifz > F a8 5 10 ulo % 1 ul £+ total RNA -
A w4~ 0.6 ul 2 WSMoV848 ¥ WSMoVR 51 3 # ~ 2 ul 2 5X
RT-PCR buffer ~ 0.4 ul 2. 10 mM dNTP ¥ 0.4 ul 2. Enzyme Mix » H 4 %2
fir+ DEPC k44 o ¥ PCR # &%k F &k (PCR thermal cycler) &
AR HEE2 40 B PCR #%F & - RT-PCR ek if 407 13t 507 30
Lhs i 2T & 2 cDNA» z {8 £ 3 95°C & 7 %1+ (denature) * & 15
s L iEfT 40 B PCR HIRF B> - BEERF B4R 5 94T %1
F & 30 #5°50°C #F& & J& (annealing) 30 #;°72°C % & ~ J& (elongation)
1 24 &g 72C 7 £ (extension) B & F R 10 247 B %
12 1% 3§ o %3 k8 (agarose) ® AR GFTAT o GEHHFIAPTHRAS DL ] K
% 800 bp -

% 45 B3, WSMoV @i 5% > &3Fjd WSMoV B % ik
BleR A 5 4 % total RNA 2 3 Big 7 RT-PCR o &9 2k % & {7 o P HEAE R
toatal RNA #e ' P~i2 = RT-PCR £ TRIzol # P total RNA i RT-PCR
¥R 2eF % > 4p F o total RNA 2 3B~ 3 2 o 4e™ 0 #-F Rl E * 2 1:20
(w/v) ** ELISA grinding buffer (1.59 g/l Na,CO3, 2.93 g/l NaHCOj3, pH 9.6,
2% PVP-40, 0.2% bovine serum albumin, 0.05% Tween 20 % 1% Na,S;05)
FE o B~ 2 ul 2 Ei% 4 ~ 25 pl GES denaturing buffer ¢ (0.1 M glycine,
0.05 M NaCl, 1 mM EDTA % 0.5% Triton X-100) - ** 95°C 4c#t 10 » 45
fo o A% E I 4C a#F 10 ~48 o K 1 pul m i GES ¥2F R
(homogenate) i 52 RT-PCR & RNA #i# » i&{7 RT-PCR- 2 4 RT-PCR
P TARG oAb o

3. % F B[S BT A Asipd B ES
RAERA R B S M PGB B4 WSMoV o 2 5§ B8 EE R
WP R E BT DR o By LY m%ﬁ% %p (MR LY 4
DR - BB g ] 4 s g) AR (48 ) BN Q)
FLiEoK ek §5 BBy B b RT-PCR 6 IFEsap 4 WSMoV ha A & &

8



dooo s dg e AAP g 1 AAP FIE RGBS S D R - 8

o

Fz2 o MERDEFHRARTEF (inoculation access period, IAP) o A #5 34
Bl usipe g AAP BRI ARHIRBI T EL &
A WHERY > FRERDE S Rp) 5 EH I EFT MEREET AP B
REGRR Y KRR S R AP E[ 8 Al kO FH RO
N2 R EEALHGE NS 0 L RS RN ES @3 WSMoV 2
BT o AREREP, LRA L LHS A HABRHESRIREE
RFERLAFFAREFDSH I FREZES LA 5 L 48  dp b IAP
B FEAE 1000 B2 20% I3 (Acetamiprid) 12 K,éfé e
Fehgl o TRERERS A L FLRESEE  BRFERS » L L4 2
Wt o Mmide F B 2 R BB E 8 o total RNA S 12 RT-PCR # i
£7+% WSMoV g% x84 % 8 @ WSMoV 2 @ #scd o pboh
BRI FLES RRSFA T AE T LA S AAP B S
SE B EE KREFF WSMoV g % s73 E ¥ 500 TRIzol 5 8
total RNA > # 2 RT-PCR & fipm# g Akl o * B RHFHRIFE 25 3
EF ke F eiEG 10 pREREES o] BRWS AT %G EFLE
i HRERER LR HREFHRN FAoT DEPEFL BT RPF
PR ABRGEPSETL - VI ENREET AT 5 KR BHEEER 2
R - R ENLEBPN 2 F e AEREHRERRY DL a R

BRI F WSMOV B % oifimen 2 3 H05 ik iE o sk 4T

3.1 F B H
311 - #» B4z 33
BEE - %A ERE A WSMoV e A E P15 A4

P

Eehigka Ay

Yt

(AAP) » Ris#v it ¥ 2 enf[5 5 5 SEpI L - »
(

FiERMA 2 ) (IAP) -



312 - # % B EF 2 B F

WETE e e 1 ) pEAVRE (50 B AR 4 WSMoV i A E

#1015 24 (AAP) R #T i EAhE A E 5 EEBINE- FEF
2 EREE Awt ookt E 2 [ (IAP) -
313 2 B3z B4

MR B SR L ) AR L B YRR 2 WSMoV sha A E
15 ~ 48 (AAP)» ARt #v B4 g 5% 5 SHs 1 0L - 2R HF2 i
B@ AwtiiEad 2 L E (IAP) -
3.2 LEFH GBI
321 - #x A ES 2 B3

Bk B - BB RN ERE 2 WSMoV cha AE Y 2 )
(AAP) » Higsev i fE4 chgl 55 6 BT HE- PEE2LET AN
tiefiafa 24 P (IAP) -
322 - ¥ B S 2 B3

@l BB f o RENRESRE R WSMoV ga A E S 2 )
(AAP) » H s v it E4 chal B & 5 @ # 3 WE- PEE2EET AV
oA 24 @ (IAP)
323 = k4 2 B3

Beh] B A AR RRE 2 WSMoV tha A 2 2 [ (AAP)

BB v Ea a5 b EEBITE- PEE2 R Ayt > i

/8 48 | (IAP) -
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3.3 FHEBHHS

FHEH AN BHEIR R RS EI VY IR AL - 82 HE
F WP HEIEABHES o F S ERE A WSMoV iE A E R
ROAAP o BMEBEMITEE BT R BERY > FERY S HHE S

HBEEBITE - FEE2 0 AT EE IAP-H P > gi5 - #% F &S A

i

AV ZRBFHLD I AL LI L HBIEIFHBF o 0T SR

331 - #%BkEF -2 B B3

Bep) B - ¥ [ E N ARERE 2 WSMoV ia AEF B 48 | B
(AAP) » s %7 i EWp4 hE B »AESIEF (L5 X 15 cm?) 2
WSMoV # i a4 2 £ (leaf disk) 2 #@sige & 1.5 4~ § 45 =4
oA AR o FuZ K op R (parafilm) AT o AAF I S A BT AT
2enE B A ELEBINE G - PR EL BT ATEB 48 B
(IAP) = % 1 #27 I W F B @45 WSMoV »c » & & 10 tkiith » & thi

[

Bl 1 LA SAER IAP
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&
MR B Z# % B BT RRE 2 WSMoV the A E F B & 48 )

kS

(AAP) f¢ e umiten® 24X T AF F o Bt AR TRLFIIFHA
5 ﬁfﬁi'i-?f— '1‘1,
(IAP) -
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o
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334 2 A ESE L2 B

MR B A AR AE 2 WSMoV she A E P B 48 ) @
(AAP) » RtsEB T i e 4 45 - % 5 LI L -
WA 48 e apr R (IAP) o
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i
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iy
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B
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4. @ NATCRA TS R B8 WP A I

#-'= it RT-PCR # Bleaiig 2 WSMoV m@] 5 2_ total RNA » 4+
¥ WSMoV M RNA 2z viral complementary RNA (vc RNA) &3tz 5l =%
NSmMR (5’-GCTGTGTAGCTGAGCGCAA-3’) {7~ 442 4 cDNA - £
5l 3+ ¥ NSmF (5°-AATTTTAGTGATCATGGCTGTG-3’) 2 NSmR # &
#4424 2 cDNA i£{7 PCR #tg 121z WSMoV &% ‘“1,%&#*—@] B R p
i 747 9 o A] 5 0 total RNA 12 TRIzol # B > B 1 & &5 > * 100 pl
TRIzol &% i & # B> B R4 F42 5 b 1+ i o974 B~ o B total RNA 2
ReverTra Ace (TOYOBO, Osaka, Japan) & {7 & $ér o & & F BAMHE 5
20 ul> 4~ 1ul 2 @5 total RNA~4pul 2z 5XReactionbuffer 2 1pul 2 515
NSmR~0.25 ul 2. RNase inhibitor~2 ul 2. 10 MM dNTP~1 ul 2. ReverTra Ace
B4 f 0 DEPC k4% > PCR £/ %k F RKREFF @i F HEiF
40T 5 42°C 20 ~48°99C 5 »48°4C 5 & 4 %% e cDNA 12 2X
PCR Mastermix RED (Bioman, Taipei, Taiwan) i& {7 PCR 3 t§ - PCR » &%
A5 20puls 4e > 2pul 2 cDNA > 10 pul 2 2X Mastermix Red > & 1.2 pl
513 % NSmF 2 NSmR: H&4eMF g AEEZH kAR > F BiEE4T
* 95C ®PEFR 2 A4 Li2(7 35 B PCR /%kF B>+ - BHEF
B2 42K 5 95C %M F B 30 £ - 55C & F & 30 4 > 72°C B & F
BBl 240 Bf6 L 72C 2F L REFR 10 24 F B E N 1%
£ T A E A o FFH A 9 WSMoV M RNA 2 vec RNA i
RT-PCR A% < | % 275bp-
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5. & AElspA HEF H S Y AET @

= oL % B, W
N %»433

4

=7 % WSMoV #fa % 8 *» g v # 52 g FHF & HR
PREEES S AZ RS WSMoV H B # Ak FR% R % WSMoV H 5 #
FLIR A o it 4 P EER DGl B % f 0 2 ¥ %Y RT-PCR & Bl mRLRE %
WSMoV & A E % + 45 24 o) preh AAP-AAP 2 & s 353w i 4 4 o
BB (W45 90%) EEaiwpEt 1X1om 27 g rad i
Frrtr (L2 35cm) Mgt F 12 | Fiesp s » A% 7
FEEC o B Pl i dp (prepupastage) e B iSSP B A B TR F R TR T o TR
e AEFPARESFRE 24~48 ) F L - KoEF X F
g 2 ‘:"ofg%ﬁ?ggm\m;fﬁ w24 o pF AAP B8 E P LR T AR F

S
B4 kIS8 B 4 WSMoV 1 5 4Rk o

3% 4 WSMoV g 4 3% 5 ﬁ']%d'ﬁ]?’i1§-ﬂ£%ﬂgi—l_/ ’—3;?/3‘,?3

FERPE O HFET T g4 WSMoV R A2 22F 3 EFmE » i ab - #
BT DI S o W R L WSMoOV g B % A2 A% WSMoV g

Aehgl B A HNTEE Y2 FTEFE FE

o

Ly

5.2 B>l
TR BPS R L WSMoV this b4t 4] 8 4 5 2 5 7 #£ chp 58
AUEERG S AR AE Y CKHEFa T AEF RS HSBAR
% WSMoV wha AE R4 WSMoV Gl » A akkad AER 5
B EPamd AESESHSEBAR 4 WSMoV did AE P - LR Iss it
Bal% 2% WSMoV thiglhb f - 2 A3 %P2 g TEF 2 555
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6. & F A5 > H 2B 8 KB

%% 1 B 30x30x30cm® REA 4o NE AR AL L EE
Ef (EEREHREHSZEL2E WSMOV 2 fith ~ BB KRS 545 B4
SR B EBRE AL BAE 2 WSMoV 2 k) £ 8PN § F L
W10 & @5 = foendpes § o (eppendorf) 2zl At 2 LR L T HE PR B
Lt A 2 IR S 30 DA o Ak 2 P4 LS8 ] s
2¢ﬁ‘24*%’@AW?E*%ﬁﬁjiﬁﬁﬁioi?%ﬁ@?%

\\E

fedRioig (s 3 K E R o ¥ MLRA S B g R BT ORI 0 AR R B 5
S - = E R e | I G
7. et

&) 5 @4 WSMoV 2 @iEHC ks s - H & 48 @4 WSMoV
2 @338 2 40T Swallow (1985) e le @afsaf ity a8 E
He N Z gl R A FRAAH ik S5 REREESF
BAEOH S B Ps= 1-(RINJY e p b dgplt- 2 A4 - 2410
APk HELHI I ABHBS I LR LS R/ ERAE
Beo P lEE A G @RSt o B i (logistic regression) & 7 4
7o & WSMoV $# a8 » A3 FFI/H -FRDIPFE 2P T &

,

Kaplan-Meier j# % 3% i & 45 (survival analysis) 1k % #[ 3 # A& & &

L

(cumulative survival rate) 2 % 2 wdd i F o I HEE R T
(log rank test) # 4R 22 FF 2 F 25 ¥ L 8 - WSMoV 4] 5 # A%
TRERGOE EE PR E - B A~ F (negative binomial distribution) i
Tt b F At h S EAE S WSMoV {4 ~ S a3 P8t & 2k
PG R pld # BRFEI fER D )5 AR o A
(binomial distribution) = A # 2 # 5.4 % (signtest) & 74 T o 11 F #r3 b
i@ E 5d it R (ver. 2.12.0) # 7 o
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B

1L s % a8 4o A Rupd Hl s
il WEMUE ) BEy
2% a8 &2 15 A4 AAP & 2 | pF IAP S fF iR T @4
WSMoV o o xF%® -2 B EF 2 B3 - R2%JHEFZ2EF 2B E
2 @4 > H LG5 @4 WSMoV dmc sy 5 0% (% - ) -

1.2 L3 a0

3% A S EAT M A 2 P AAP & 24 ] pF IAP R T B4
WSMoV » fe £ @324 il - edF kY - B [ES 2 B3 - -2
AESZ2 B3 2R ES 2845 &H5BH WSMoV ek 46 5 3%~
6% 0% (# - ) - #Z -2 [alfray a2 F¥FLE (2=-055df
=1,P=0.57) -

1.3 HHHafEs
ﬁ‘%ﬁlf,n a9 & I §‘]“}x§;,ﬁ:,4f3_ W WSMoV » H ¥ - g% 2 jEd

FHBENBH I EF AR - BB E B[RS DR

o

g\

SR O EA > H LI B AL T6% 2 0.6% (£-)c - &

o

BHEF B[ BE s HEFHE BT 5 0.6% (H-) F A%

4

A2 @4MA 0 HEHE PR TE 12% (4- ) v s p b
WSMoV énidiffscd - A ul i 71% 2 81% -5 ¥ B EHFLE (2=-0.23,
d.f.=1,P=0.81) -

15



Z- a5 & & (Thrips palmi) @& A &z +  (Watermelon silver mottle
virus, WSMoV) 2z i# 4§ »c 5

Table 1. Transmission efficiency of Watermelon silver mottle virus (WSMoV) by

Thrips palmi
Transmission Acquired instar Inoculated instar Transmission Ps®
mode efficiency®
Nonpersistent
transmission First-instar larvae First-instar larvae 0% 0%
Second-instar larvae  Second-instar larvae 0% 0%
Adults Adults 0% 0%
Semipersistent
transmission First-instar larvae First-instar larvae 3% 0.6%
Second-instar larvae  Second-instar larvae 6% 1.2%
Adults Adults 0% 0%
Persistent
transmission First-instar larvae Second-instar larvae 3% 0.6%
Second-instar larvae Adults 76% 76%
Second-instar larvae Adults 3% 0.6%
Adults Adults 6% 1.2%

® Transmission efficiency cauculated as the number of WSMoV-infected plants/

the number of test plants.

® The maximum likelihood estimator of transmission probability for replicates

with five thrips per plant was counted according to Swallow (1985).
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PRV Sk S R B TR R

38 A g % WSMoV a A& g4 WSMoV s ¢ 48 - 2 total
RNA % 2-step RT-PCR =z {& 2 3@ WSMoV M RNA 2z vc RNA =

RT-PCR 24 (Blz)' £5d 2 Amme &% 7 WSMoV /&3 %3 F 4

BN eTAFH -

=
I

oA éﬂﬁi:}ﬁai (Watermelon silver mottle virus, WSMoV) > >t & A 2 &

% a4 % (Thrips palmi) %8 p 47 ® - % total RNA 12313 NSmR & {7
F #& 4 (reverse transcription) = cDNA (¢ > £ 23513 % NSmF %

NSmR :& 7 B & f¥ i 4% ¥ J& - M: marker; negative control (lane 1) ; &
B A (lane 2); & 2 WSMoV a4 (lane 3); i & @] 5 (lane 4) ;

B % WSMoV g & (lane 5) - 4 g 4p 81 WSMoV M RNA 2z vc
RNA = RT-PCR &% » * -] & 275bp-

Fig. 3. The replication of Watermelon silver mottle virus (WSMoV) in Citrullus
lanatus and Thrips palmi. Total RNA was reverse transcripted to cDNA
by using the primer NSmR, and then the polymerase chain reaction was
performed by using the cDNA and the primers NSmF and NSmR. M:
marker; negative control (lane 1); healthy watermelon (lane 2);
WSMoV-infected watermelon (lane 3); healthy thrips (lane 4);
WSMoV-infected thrips (lane 5). The arrow indicated the RT-PCR
product (275bp) of WSMoV M RNA vc RNA.
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3. @ AR pHA MR B[S P LFTHEF 2 G

h
L
(w

&
=%

3.1 3 %k

R R 2 B R WSMoV sha § RS AA TR S (Rle)o
AEBYAMFLE (x* =284,df=1,P=009)- % 5 &g % WSMoV
FE B TR VT IR npE R A u s 1194 + 316 ) 2 1229 +
184 [ pF> A ¥MEMFLPE (% - - Log-likelihood: -339.09, P =0.73) -
PR WSMOV (g 2 A8 # A3 id 52 37 I 90U aplsa

%= ~ @ ARz 4 (Watermelon silver mottle virus) g % = 5 &) 3
(Thrips palmi) * e gt = & 32 F B LB F T I v EFERF D
£ R

Table 2. Direct effects of Watermelon silver mottle virus infection on larval
survival rate and developmental time from newly larvae hatched to

prepupae of Thrips palmi on kidney bean seedlings

Test statistic P-value
Survival rate 2.81°% 0.09
Developmental time -339.09° 0.73

®The log-rank test was used for planned comparison. d. f. = 1.

® The negative binomial distribution was used for planned comparision.
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1.0 R EEEEE e — : : -
N S +-
&
S 0.8-
T
>
>
§ 0.6
(5]
2
< 0.4
>
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s
&) 0.2
0.0
I I I I
20 40 60 80 100

Time (hours)
Be %45 F5 (Kaplan-Meier) - &£ % 5 % & 5 (Thrips palmi) * g 475 * &

vt ehigEd (n= 65 2AM) &g %d AKspa (Watermelon silver
mottle virus) s & & 8 # f 2w P 3EF (n=70, mAR) -

Fig. 4. Cumulative survival rate of Thrips palmi larvae (Kaplan—-Meier). Healthy
thrips larvae were raised on kidney bean seedlings (n=65, drawn line).

Watermelon silver mottle virus-infected thrips larvae were raised on

kidney bean seedlings (n=70, dashed line).

3.2 B »n

f
ﬁ%@ﬁ%ﬁﬂgﬁfﬁﬁo%?iﬁﬁwﬁﬂia,%%aﬁﬁg%ﬁa
R E gﬁ,.% AR p YRR I REEFLE (X = B> > Log-likelihood:
Bk A5 B AHEBERE 4 WSMoV 2 i k&
JT% Gz fEkenF TR > LG ¥ LR (Log-likelihood: -163.44, P =
052): hao % 48 A A KRS S BHMEL 2 WSMoV hig thg ¥
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PRt BE¥ £ B (Log-likelihood: -220.80, P = 0.53)- & % & 7+ WSMoV &
3 4 5

Wh S DFILI P FRPEE RS DT REFEF TR -

m

B % WSMoV 2 3§ 4|8 # AW i Ejith ~ Sh{ S GHERZ a5 &
BEF WSMoV chfith2 5iEF 2 42 FRFHFLE (M1 B> y?=3.5,
d.f.=2,P=017) 5 4[5 P~ &2 WSMoV g % WSMoV 2 &[5 ¢ & %
P R R L REEREHE DR ERE
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(A)

Cummulative survival rate

10T S —'_‘=‘='=|:
0.8 ’

0.67 ’

0.4 1 7

0.2 1 .

00 L T T T T i T T T T

0 20 40 60 80 100 0 20 40 60 80 100
Time (hours) Time (hours)

BT ~ %A% +5 (Kaplan-Meier) - (A) &% & % &5 (Thrips palmi) 2 #4097

EEE AR anESF (=47, TR HEPRGE Ayt aniEF (n=
32, mAR) > W hBERARE LT N {E‘lﬁi}ﬁi—a— (Watermelon silver mottle virus,
WSMoV) & /A4 F g iE s (n=32, & &) - (B) &% WSMoV 2 & F |
BAREATHERT Au L hhiEd (N=46, TR)HEBET Ay

3 EF (N =26, mA) 0 TR B EAEE E WSMoV & A w b i s

(n=40, %) -

Fig. 5. Cumulative survival rate of Thrips palmi larvae (Kaplan—Meier). (A)

Healthy thrips larvae were raised on healthy watermelon seedlings
(n=47, drawn line), on thrips-damaged watermelon seedlings (n=32,
dashed line) and on thrips-inoculated watermelon seedlings (n=32, grey
line). (B) Watermelon silver mottle virus-infected thrips larvae were
raised on healthy watermelon seedlings (n=46, drawn line), on
thrips-damaged watermelon seedlings (n=26, dashed line) and on

thrips-inoculated watermelon seedlings (n=40, grey line).
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FTAIWAPERT S 5 0 &4 WSMoV hg 5 »» 3t i Btk & 4] 5
a2z FTEFFHEFLRE (2= ~ B>~ - log-likelihood: 193.58, P <
0.01) ; & % WSMoV hi[ 5 = A3 4 5 R AR 3 WSMoV it th % it B
iz # 7@ 53 ¥ ALE (log-likelihood: -266.85, P < 0.01) ; g %
WSMoV il B % A3t 4[5 AR 2 WSMoV efith 2 S a5 B~ a fE th 2
#Fv w53 EFLE (log-likelihood: -193.58, P < 0.01) - & # WSMoV &
A8 ATREERIFTINMD R EL > B A LA S BRER Z
WSMoV # > g 3G a -8 ERF T H - S5 HT %457 AR
% WSMoV: § &) 8 # 47T 3 S a5 fitht € 552483 » A8 71
Al g TR o 2 WSMoV g % g RS a) B stk S R
2= ~F A é‘:la_f_yﬁai (Watermelon silver mottle virus, WSMoV) #f= & & 5

(Thrips palmi) ** & Ryt enz B 5 3 o4 EFF O Bl
Table 3. Indirect effects of Watermelon silver mottle virus (WSMoV) on larva

developmental time from newly hatched to prepupa of Thrips palmi on

watermelon seedlings

Healthy larvae WSMoV-infected larvae
Comparision Test statistic? P Test statistic® P
Healthy vs. thrips-damaged -235.10 < 0.05 -203.92 < 0.05
Thrips-inoculated vs. -163.44 0.52 -193.58 <0.01
thrips-damaged
Healthy vs. thrips-inoculated -220.80 0.53 -266.85 <0.01

% The negative binomial distribution was used for planned comparision.
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Healthy thrips WSMoV-infected thrips

B> ~% % &5 (Thrips palmi) # A&7 d AEInEP HTHF T T
(T3 + FHL) 45 4&*“%@% ab:wf E%d A4 (Watermelon
silver mottle virus, WSMoV) z & AEZF TR (24 4 » EE &5 n=
16 &% WSMoV z g% n=28); 4|8 * A3 a[ 5820 AEFTER
(B¢ WE¥ > R HS n=20; &% WSMoV 2 # 3 n=15); &5 % it
Bz d AEFTER (44 FEY O REHS n=32; % WSMoV 2 A5 n
=28) o F£ M (errorbars) 27 iRE XL cBlY A RhF A AT EERNF HF L
B (gp-mrH itz P<0.05)-

Fig. 6. Developmental time from newly hatcheded larva to prepupa of Thrips palmi on
watermelon leaf. Black columns: healthy thrips on thrips-inoculated plants (number
of prepupa = 16); Watermelon silver mottle virus (WSMoV)-infected thrips on
thrips-inoculated plants (number of prepupa = 28); Grey columns: healthy thrips on
thrips-damaged plants (number of prepupa = 20); WSMoV-infected thrips on
thrips-damaged plants (number of prepupa = 15); White columns: healthy thrips on
healthy plants (number of prepupa = 32); WSMoV-infected thrips on healthy plants

(number of prepupa = 28). Different letters indicate statistical differences between

means at P < 0.05 analyzed by negative binomial distribution.
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4. BFHB S A28 KR

e f A8
2-8-12-24 Eua:eﬁ% B 21224 ) R A S SHEY G RE O
it (B )% 35 &8 ARG 682 58 KEE % WSMoV

FAFENEEERE SH B8 TE R T a8

AR a5 & gm%ﬁ%ﬁaﬁﬁ#m%%wﬁ4iﬂ,J@%vaa
24 ) RS EBE S WSMoV itk B ik (Bl ~) - oy
2 WSMoV gt 4 7 s se 22 4] & HEWR O REFR - § 3 5% A5 B iR
R ZE G5 BBE 2 WSMoV etk > 22 4] 5 & %is 4-8-12-24 /]
PEE U] AT o PR B A S AR 2 WSMoV itk f R F ik 4 ik
(Bli)- 85BT3R 485 KhEFFSTE L WSMoV itk o
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=
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“LH b i
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2 4 8 12 24 2 4 8 12 24
Time after thrips release (hours) Time after thrips release (hours)

W= %% &5 (Thripspalmi) * A& 5580 A2 2k d S EKRDE S

Fig. 7.

Wk o (A) BB F R Ez X RELERETRY BT HEFS
A (hd KiE) 2 EREG A (4 F LIE) fERRS RS EE -(B) &5
PR A A A BEPLERFTHRY o BT RSB T A (K K IE)
ARG A (9 F RiE) ERY ASEKE - FXFHRER LD S T KT
10 BB 3f - AlmBFEIHRTY * 27505k P<005 mz **
47 P<0.01- 345 (error bars) # -+ &% % (standard error) -

Feeding preference of Thrips palmi adults to thrips-damaged versus healthy
watermelon seedlings. (A) Number of male thrips adults on
thrips-damaged (grey columns) and healthy seedlings (white columns)
in three trials. (B) Number of female thrips adults on thrips-damaged
(grey columns) and healthy seedlings (white columns) in three trials.
Ten adults were released between the two seedlings at the beginning of the
experiment. * and ** indicate significant differences (P < 0.05 and P < 0.01)

between numbers of thrips adults on thrips-damaged and healthy seedlings by

sign test. Error bars indicate the standard error of the mean.
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Bl~ >~ % &5 (Thripspalmi) £ A ¥ a 823 d N2 g b HfAR 40 A&

s+ (Watermelon silver mottle virus, WSMoV) z & /{8 kP &
Bardt o (A) A B2 A bz X BERLERFTHRY > BT HE DS
A(Hd RTE) 2 a8 EMAR F WSMoV z @ f (B4 LiF) £
A SEE-B) RS AR X RBLERTHRY BT S
Prad N (A d RIE) 2 | BAEMARE F WSMoV 2 A (24 & iF)
R G BEE - FXFHREREI ST E T 10 S48 S84 o &R

BR%? * 27508 HKT2L P<005 22 ** &5 P<00l-:ism

ol

(error bars) # -t % % (standard error) -

Fig. 8. Feeding preference of Thrips palmi adults to thrips-damaged versus

Watermelon silver mottle virus (WSMoV)-infected watermelon seedlings. (A)
Number of male thrips adults on thrips-damaged (grey columns) and
WSMoV-infected seedlings (black columns) in three trails. (B) Number
of female thrips adults on thrips-damaged (grey columns) and
WSMoV-infected seedlings (black columns) in three trials. Ten adults
were released between the two plants at the beginning of the experiment. * and
** indicate significant differences (P < 0.05 and P < 0.01) between numbers of
thrips adults on thrips-damaged and WSMoV-infected seedlings by sign test.

Error bars indicate the standard error of the mean.
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silver mottle virus, WSMoV) 2z & /A % @ & AEthanB & ih4 1% o (A) #]
Bad bz hERERTRY  BFNRETA (v I L) 2R 2%

WSMoV z & & (2 ¢ £ if) k! A5 8B (B) | v A = X B
ERFHY  BGRREET A (4 EHF) 2REE WSMOV 2§ A (24
EE) fEtht A SR o FXFHE RS EHFH N 10 $HIFA AlE
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X
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Fig. 9. Feeding preference of Thrips palmi adults to thrips-damaged versus Watermelon silver

mottle virus (WSMoV)-infected watermelon seedlings. (A) Number of male thrips
adults on healthy (white columns) and WSMoV-infected seedlings (black
columns) in three trials. (B) Number of female thrips adults on healthy (white
columns) and WSMoV-infected seedlings (black columns) in three trials. Ten
adults were released between the two plants at the beginning of the experiment. * and
** indicate significant differences (P < 0.05 and P < 0.01) between numbers of thrips
adults on thrips-damaged and WSMoV-infected seedlings by sign test. Error bars

indicate the standard error of the mean.
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1 $iem X 4 Hop+ Bt

F A5 AR EFF AL RIS B4 WSMoV (£ - ~Fl=Z)- -
e f kS BFEINT L SH T BHRES o L HF RS stage effect
BE RS B TSWV 4ok o - &2 ZEF 2 J 03 a0t b x bgrE K3
0.6% - Chenetal. (2006) 3F &5 % @] 5 7 L 232 2 B> A @3> & A
PR HETF3 %8877 LB gHdg a2t BFfuasgs;

=

@ 4% PEL&U1“@"@%Wwéﬁﬁfﬁi%alki%ﬁ%%i—
TSWV 2 B i =8B ﬁﬂh@w (Impatiens necrotic spot virus, INSV) » 3 4p
P e i® 3% oY & stage effecte o = =@ B @4 TSWV 2 INSV b+ ¢

-

—E o WHAPTTEERL IS AN AR ES L LG L RERE D
i ELH S A A Blde TSWV 2 NL3 A @ik d a =

THE - S AYESY AP BHHE L TSWY 2 182 & US2 »

BRI T A - S B RS 2L A BHE4 (van de Wetering
et al., 1999a; Whitfield et al., 2005) = ¥ ¢t » "E ¥ - g] 5 - #6287 - #% B 4

¥ i3 TSWV (Sakimura, 1963) & = % 4 4] 8 (Ceratothripoides claratris)
B4 WSMoV Ap ke u ¥z § s i —‘/,a‘a* (Capsicum chlorosis virus,
CaCV)» #» # -4 A E4 3404 gL 8042 -85
A - #% [ 83 5 57 5 se B4 CaCV (Premachandra et al., 2005) - 3%
ERFETY e B B WSMoV 1wz é;’%v‘ TSWV ~ INSV%2 CaCV @&

2
i %

14-
(l_m;_*r

LE LT UGS B h et pd Bpd - #r kA
REA S LW DR S BT F o2 TS AR A G TR
55 U4 WSMoV 2 Bock ap ot FLE » 2L 4

I

ica] B @44 CaCV «iffim4p e (Premachandra et al., 2005) ; e & = =& 5

1

B4 TSWV pF o e fAp T s G d a4 ox S (van de Wetering et
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