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BN ERFRZ ML E] D EEE TR cDNA
SR F RN o3 AR

ob ED EakS?, s 37 RA, x B, ke, Skl masl
[1. A AR By T S A TR AR O (RIS, Widb M 434025;
2. WA LB F B RTINS, W KY 410125]

W OE: [B8) W FEMKERT (Tomato spotted wilt tospovirus, TSWV ) Fl A 1K VG 15 #] & ( Frankliniella
occidentalis ) Z 1B 5 FHAER R, HRMNEHE TS 5HEE YR, DUEN RS D& (i ik 5
MLERBSE Al . (AR il dim B 4015 il B2 PU A6 80 S R4, 5 B SMART $E R H98 TSWV 2 4% 1 75 16 i
% 1R XL 3¢ = HE cDNA SCE, D458 3 Fhif i #E 91 2% cDNA ST 1 3 25 5 43 11 3.0X10°, 2.0X10° #1 2.0X 10°
cfu, SCHESZFRY I EEOR T 1.5X10° cfu (3 FEFIHES K T 5X10° ), 38 S0 3946 A Bt 1B 4345 78 0.5~ 3.0
kbo X SCEERAHLPEIE 16 A~ FikE, T )55 GenBank B8 E thXF, iR BARSMARBEARIFETY., [£R] &
H 1) cDNA UE B A B M ERmMBEA R, o TG es 55 TSWV B/EMEH.

KRR T PEZSINEE; PUE®I D BEREXZLEE cDNA %
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Construction of Yeast Two-hybrid ¢cDNA Library on Tomato Spotted Wilt
Tospovirus-infected Frankliniella occidentalis

YE Qian"?, LU Bingxin’, WEI Yan"’, CHEN Jianbin’, LIU Yong’,

ZHANG Songbai’, ZHANG Songbai' , ZHENG Limin® "
(1. Hubei Engineering Research Center for Pest Forewarning and Management, Yangtze University, Jingzhou, Hubei 434025,
China; 2. Institute of Plant Protection, Hunan Academy of Agricultural Sciences, Changsha, Hunan 410125, China)
Abstract: [Objective] A two-hybrid eDNA library was constructed for studying the interaction between tomato spotted wilt
tospovirus (TSWYV) and Frankliniella occidentalis to decipher the mechanism of the disease transmission by thrip and the
factors involved in the virus infection. [Method] A highly infected F. occidentalis population was created by inoculating
TSWYV into the thrip nymphs. Thereby, a yeast two-hybrid three-frame ¢cDNA library on TSWV-infected F. occidentalis was
constructed using the SMART technology. [Result] The established 3 reading frame ¢cDNA libraries had the capacities of
3.0X 105, 2.0X 105, and 2.0X 10° cfu. The actual amplification base of the library was more than 1.5X 10° cfu or 5 X 10° cfu
each with an average insert fragment of 0.5-3.0 kb in length. From the library 16 clones were randomly selected, sequenced, and
compared with the GenBank database for of homology verification on the insert fragments. [Conclusion] The established cDNA
library had an ample capacity and high recombination rate adequate for studies on the interactions between TSWV and F.
occidentalis.
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[t & LY ViAbE] S (F. occidentalis ) J& T 2%
# H (Thysanoptera), #ij & &l ( Thripidae), 7& #i
)& (Frankliniella ), J&=—Fpt FtpEE i, HF &
SRRz, ke, T AR R R A
S RS2 7 N (0 = NN ESN PO R ek 7/ B TSk ke
BB AT B 2 A0 B, PR IR s T A A A R e
FP S B AL R I OB DY -, R T BELUB S FE A R, w)
h B s 7 B A R R SR e AR . O AR
HEREY 20 20 70 SEAORTT IR, VU AL Sh /L SE PE T
(A L AL R 2 AR B A AR R R,
NG Z AP VNS PRV P 70 | BL L e T
P, HTE s X2 EEMMX, oy i AR
iz P 2003 4F kA A B AR H T B L
U RS M A AR b o Ve AE & 2 —Fh 2 a1
g, FRTE AP EHEYAT 66 Bl 200 A, fL4E 5
L AETFEREE A TEY® VRS E
WY GIXT B AR B, R e
& H L # i 3 25 9% 3 (Tomato spotted wilt
tospovirus, TSWV ) H3 i 2:". TSWvV & T4
JEW R #E H, 325y 7Y AR S LURE A iR R Oy A%
5, TSWV {2 4t 74 44 g b 1At A7 J& 32 75 42 s il
LA, T AT R B U A A
TEA VRV AL 8T 5 i) A= i F 300 v, A — e i 39 0
T AT REAE SRBOR T, JF HLAE T U5
LK S B 394 4 5 3 7 AR A D A T i R A i
S TSWV 2 G i R) IA A0 &, s 15 7E i S 1 s e 7%
B UL 4k 40, LAY 0 i A1 2 WL 20 2L 28 A 3 I
S S OE PN R (UGN E S
Z S 45 R R WA R B R 4 1 e A% 2 5 R vh 1y
HEEAOT, APRSEREY, TSWVHEN
Gy W LA B rp i A BAR, TEM KRR TR FfE T
KAREEAR R, OF BRI B R RUR SR (Yeast
two-hybrid, Y2H ) FIRUFFHOLHEAMER ( Bimolecular
fluorescence complementation, BiFC ) 7 P £ #ij &5 —
A7 Y E B 5 TSWV Gy BAER 6 DIIfe R M E A
( Cuticular protein-V | Endocuticle structural
glycoprotein-Gy Endocuticle structural glycoprotein-V |
Enolase, Mitochondrial ATP synthase o-subunit,
Cyclophilin), 4 By F 7 fitfr i & HLH " TSwv
IR 45 ¥ 8 1 NSs W Bk 1 2 5 P4 46 & 5 5 35 A AL
L BT g A iR B S o 7 AR SR AR ST A AR
BN TN AR, (AR IAS]Y B
R, DG TV A8 ] Ty 75 FF A B2 B XA 28 cDNA S

AL A R R ADTSE o LD DR 1) SC B ) A T A
e BT I RR ONUR 58 SC PR, SR U O PG AR 6 H
TSWV EAERY SO 25 1% B By 6 S A BSR40
1 M5 F*

L1 R

AR VY A D 2R W) R A A B B A )
P05 B A SRR AF . TSWV 33 5 i W B 48 4R b B
FEERAA, RIF T80 C I AR KM ( Nicotiana
benthamiana ) AT 9 %,

WK . KA (Escherichia coli) DB3.1
2 A4 . cDNA Library Construction Kit, mRNA
alifkik 57 & . CHROMA SPIN TE-1000 73 4% | #k A
pGADT7-Sfi L vector ( —#E ). Sfi 1 WM T4 DNA
HEHEWEIA I TAKARA 247 (H A )5 Trizol i 51 1
| Thermo Fisher Scientific 2% @ (2%[& ); FastTrack"
2.0Kit ¥ B Invitrogen /A & (3 [ ); NucleoBond
Xtra Maxi EF lJ f MN A F] ({8 ); S%RGREHR
£ (Super optimal broth with catabolite repression,
SOC) 1y {2 X & HEARAR (KD ),

12 HEHE

1.2.1 & 7 8] 5 24K & RNA #94R B mRNA 49
sl ST VG ARSI e RUR R, T —
WA BN, NG PR AT R B, AN G 00 3 2ok
BB TSWV ARG 1 & il E 00, 48 h J5 PRIBCE
MR BRI, FEALEEI 10 k74 {66 By dufi
U RNA, R TSWV N2 K (GenBank % 5% 5 :
JF960235.1) AN cit ol (£ 1) #E47 PCR 74 2
N, K PE AR R AR . PCR WK R By 28
F7K 19 pL, 2XPhanta Max Buffer 25 pL, [ T #5]
# (10 pmol'L™") 4 1 pL, dNTP Mix ( 10 mmol-L™")
1 puL, Phanta Max Super-Fidelity DNA % & i 1 uL,
cDNA 2 uL, PCR W% K : 95 °C A8 4 3 min,
95 CAZ1E 155, 55 CiB K 155, 72 C HEAH 150 s,
40 NMEH, 72 °C FEAR 5 min, VG AL BT B ALK Ry A
J& . IR Trizol"is 7 ¥k 42 WA 25 79 6 & T 9 5
RNA, ] DNase I 4 342 HUAY 5 RNA #£4T DNA 1)
WAL, 1% SRR BHEE  vk AG I . FIIF FastTrack” 2.0
Kit (Invitrogen) M i RNA w7 4fifk mRNA., B JI§ 4
HE JBE A VK R 43 Ot O BE 3 OD260/280K: Ml 43 B 1Y
mRNA it FIHREE

1.2.2 cDNA 9 & i Ao 4o 4L R §§ TAKARA 2 ]
( HA< ) SMART cDNA Library Construction Kit 2/
FMHG M cDNA: H5ELASlAL R mRNA SR, finA
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PP ESE . HRE R EAR RO E LS DB A IS 2 cDNA L E Gy # E Fa 5 A7 1205

CDS 1I/3' PCR Primer il SMART IV Oligonucleotide,
72 °C 44 F W 2 min, K E¥EH 2 mine ZJENA
5XFirst-Strand Buffer, dNTP Mix (10 mmol-L ™).
SMARTScribe MMLV Reverse Transcriptase, DTT (20
mmol-L ™), 42 C 4T & M — 5 cDNA, LIA
BT ()5 —4% cDNA WA, JiA 5' PCR Primer, %
4 T Mix. dNTP Mix #l CDSIII/3' PCR Prime % i# 17
XUEE cDNA Y PCR &1, SO 25444 95 °C 1 min,
95 °C 155, 65 C30s, 68 °C 6min, 22 MEFF, 414
)WL cDNA (4 pL ) HEAT 1% But B 0l B8 i F Ik ez U
PR TS MK Proteinase K Al Sfi 1 A/B Tl 1k
¢DNA J5i, >k CHROMA SPIN TE-1000 £ )2 #r i 4
B3 cDNA

*1 S5IMER
Table | Information on primers
e SIS (53
Names Primer sequences (5’-3")
N-F ATGTCTAAGGTTAAGCTCACTAAGGAAA
N-R TTAAGCAAGTTCTGCAAGTTTTGTC
pGADT7-F GGAGTACCCATACGACGTACC

pGADT7-R TATCTACGATTCATCTGCAGC

1.2.3 #% cDNA X By i S 1 D) g
VIR 804K pGADT7-SAi 1, )5 52 Sfi I 1k
MY XLEE cDNA AT RN, SR 20 L, BT
4°C MR 120, U1 pL R =Y H B A 50 uL
E.coli HSTOS Stellar Electrocompetent Cells /2%5Z 75 4fl /ity
N (BIO-RAD's Gene Pulser, 1.5kV, 25puF, 200Q),
Hi o Je TR ] AR I | mL SOC #5573, R )5
MEFE RS EILE M 10 mL .0 %, 37 CF 250
rmin | % FE 1 h, SRJEHR 100 pL B 359 43 5
B 107, 10°, 10" F110° 1%, %45 T LB/Amp -4z, F
Mz 37 C BIE IR RS, A sk Bobom & S
R TERE R, I E WIS cDNA SCE B TE BB ofu: #f
10 uL A5 AN O (2 mL) #8107 /%, BL 10
uL WA T LB A b, BIE SR, 56 2 Riftr
T BPEREEL cfu= CPAR_ B FEREEU10 uL ) X 1000
£ X2 mL. PR L BEHNLBREL 16 ~FokE, FEE 15T
S5 Pt FT % PCR BGHIE, % %E cDNA i A Be ok
/INo PCR B AZR AN 1.2.1 H ik

124 cDNA X E#y# BRI 19 uL EH =Y i
b A K FF B HSTOS I 2 S 4l L 9 (1 pL 3% 4 7™
Y. 50 uL B2 AU ), ARG T A A R
BICH A 50 mL =BT, 37 C F 250 rmin | 2%

W 1th REWRMAT RSERKHN 24 cmiy
LB/Amp -4, 37 CikR#is%. FH P MmA S mL
LB Wk s 32 5L, FH B S HR R A 1 BT A s e S 4 3
2L =M, BRI 5 mL K 5% 5 ik 42 ) 4y o
B, A B0 0 T A e R S B AN 2 L — A
H, 10 mL BS HImIR A, A H S
20%, FRAET—80 °C VKHE . FHHL 100 pL 15 77 o 7 B¢
10°, 10°. 10" F1 10’15 )5 , 4% 5% 75 F LB/Amp F
M, BAFREE AT 3 A FARAIEN 3IRER . 37 C
RREFE, BRI BN I R S T R R v R
SCPE I BE =PRI T B U A B TR B X R A AR ) . B
JE PRI A2 1.5 L B BORL, A3 606 BE )
JEChE e JEE Bk A

2 ZRE55H

2.1 AREDHEHERN

Bl AL BE B 10 Sk PO A8 80 545 B, Trizol ¥4 £ UL
RNA, RT-PCR§"#§ NIEH F B (777 bp), il 7
AEH] DA R R . S5 H R 10 3k VG A6 i) D2 A 4G
B NER R B (B 1), (A —AkiE PCR ™ )ik
FERAR, ULB TSWV R Ih {2 4L P A6 8T 5, Fal 4 )5 1Y
PO AR B A R R A, o 90% LA b, IR izdtt
YRS FE I ] 5 ] FH AL I B A28 cDNA S

M1 2 3 4 5 6 7 8 9 10CK

50

30

20

15

199 777 bp
5

2
10

M: DNA marker DL5 000; 1-10: % # 7446 %] 5 ; CK: g 5 iiqE

B,
M: DNA marker DL5 000; 1-10: F. occidentalis feeding on TSWV-infected
plants; CK: F. occidentalis feeding on healthy plants.

E1 EEEHDHSREN
Fig. 1 Infection rates of TSWYV in F. occidentalis

2.2 FIEEI DR RNA 2E

P& WU 4% Al 75 VO AE B 5 5 RNA. X} RNA i# 17
DNase I 4b B /5, 1% Byt JIE 4 &€ I i Uk 2 7 i 28S
rRNA ., 18S rRNA 7l 58 rRNA [ & 4547, I H. 18S
rRNA 22 5 T 28S rRNA, 1 i 2 T P4 f£ i 5 28S
rRNA % 4 & %4 (Hidden break ) # %" (1 2-A).
ZEERRW, VU LB & b4 R B RNA B 84
) 58 R Pk, BT o RN AR RE N A, 3R T 4R Y
RNA A 2 fPEEER
2.3 Wik cDNA BIA R KR4t

PL 2 pg mRNA b #5507 2 5% 5% A i cDNA % —
BE, FRLLES —4E cDNA N B A B AUEE cDNA (ds



1206

@ R A IR

37 %

4500 bp
3000 bp
2250 bp

1500 bp

1000 bp
750 bp

500 bp
250 bp

A B C

M: 250 bp DNA Ladder (Dye Plus); 1: & RNA; 2: ds cDNA; 3: 4f
1L J5 ds cDNA.

M: 250 bp DNA ladder marker (Dye Plus); 1: Total RNA; 2: ds cDNA;
3: purified ds cDNA.

B2 #% TSWVE £ & 3 2 RNA (A). & B Y X 8
¢DNA (B) #LEIMHE cDNA (C) Hik
Fig.2 Agarose gel electrophoresis of total RNA isolated from
TSWV-infected F. occidentalis (A), synthetic double-
strand cDNA (B), and purified double-strand ¢cDNA (C)

cDNA ). BERHEIKE/R (K 2-B), AN cDNA
FRECIR B EEARS), RUIRE F BaRK/MY cDNA
WIwA st s, I AL S = R B E R .
i 8 CHROMA SPIN TE-1000 ¥ )2 #7 #: 22 B /N - B,
cDNA, ZMEalifk T 1000bp 1Y cDNA B (E2-C).
2.4 F1%% cDNA XERHIE

¥ Sfi 1 #1519 pGADTT 4K 5 ds cDNA #E4T
BN, B 1 pl ¥ 3 7 W AL A K AT 7 HSTO8
BZ UM, JF VR A T LB/Amp B R K 55 3 -
37 C RIS, FF I BRHO ARG I S P2 1

ST ERERCEL . 3 PRI AE I G cDNA SO 25 4
B4 3.0X10°, 2.0X10° 1 2.0X10° cfu, 454 iEAE
PRI 16 A~ —SEREHEAT R 7% PCR AN, Wnf&l 3 fs,
PCR P24 K/ 0.5~3.0 kb, I-BEHLEEHL 16 4~ B i
PR ZFEAC S B R AE B ARG BR A /Iy, &
it BLAST X, #HEARETFSH (F2), RIS
EEA R 280, a2k,

M1 2345678910111213141516 M

M:250bp DNA Ladder (DyePlus); 1-16: EHT; A: FREHE1; B: RHEE
2; C: BABHE 3.
M: 250 bp DNA ladder (Dye Plus); 1-16: Recombinants; A: Reading frame 1;
B: Reading frame 2; C: Reading frame 3.
3 BERFIA3Z cDNA CEEHEA R EREI PCR &3
Fig.3 PCR on cDNA fragments inserted in yeast two-hybrid
c¢DNA library

2.5 EERHRTERIY
K 20 plL 3% 457 My L 5% A A HSTO8 J2% 52 25 441 Jif

R2 16 MERFFITHER
Table 2 Sequences of 16 genes

s FF 4 F B GenBank & 5% 5

No. Gene names Length of fragments/bp GenBank No.
1 4 Unknown 1493 XM_026425612
2 /INZ ZAHSEIH 71 Small Ubiquitin-Related Modifier 695 XM_026421163
3 ZENEDD4-45 4 % 11 NEDD4-Binding Protein 1-like 2998 XM_026417919
4 Ras#f ¢ [1Rab-32 Ras-related Protein Rab-32 2217 XM_026428517
5 408 WA 14 $20 408 Ribosomal Protein S20 534 XM_026422691
6 2 FL AR BH 25 i ¢ M iIE Voltage-Dependent Anion-Selective Channel-like 1392 XM_026416490
7 HFHANAEAZ PR Proliferating Cell Nuclear Antigen 1148 XM_026418051
8 R F /9 R H 4§ Fray2 Serine/Threonine-Protein Kinase Fray2-like 2491 XM_026431489
9 IR T 70 kDa £ [ 14 Heat Shock 70 kDa Protein 14-like 1968 XM_026415955
10 FFMERLEFUBC9 SUMO-conjugating enzyme UBC9 875 XM_026435799
11 K1 Jielif Levanase-like 2404 XM 026432066
12 8 1 JHE4 Proteoglycan 4-like 2246 XM_026434373
13 268 & A4 ATP B 1755 12 26S Proteasome Non-ATPase Regulatory Subunit 12 1760 XM_026430561
14 fi i Fe-S#%41 % [K] F-GI111683 Probable Cytosolic Fe-S Cluster Assembly Factor GI11683 1652 XM 026421405
15 RE LR HE R4 Amidophosphoribosyltransferase-like 2108 XM_026421671
16 B ASMZ) 2 134 Dynactin Subunit 4 1853 XM_026420837
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o EE: BREERFIZEOGLE LEANLE K cDNA LEGHERo N 1207

W, %A T 124 H 42 24 cm 1Y LB/Amp V4 |, [d]
XTSRS 107, 10°, 10" F110° 4%, 4¥BIHL 100 uL
WA LB/Amp Mz, 37 C ot d, 8 &R
() ST RL, BRSO AR E] 1.5X10° cfu, KK
v, BB SR 3 AR, & B R Ah B
T SCPE PR A 22T A sa e, R GO AN K
LI SCPERERR E S Ak . WCEE TR ek R 2 L 1 = fA K
o, A LB WK FR 3L, 37 CHEIRK; 3% 2~3 h,
BB 10 mL 5 HME AR, —80 C -7, FARR
WHEAT ORI KR I, FEIE T 1% Bht e b e i Uik
HEATIN A, AN 4 TR o A 43 o 0 BE T H I R
Bk EE R 1.0 mg'mL ', A JF R 3.0 mg.

M1 M2 1

M1: LambdaEcoT141digest; M2: 250 bp DNA Ladder marker (Dye Plus);
12 SCFER UL o
M1: Lambda EcoT14 I digest; M2: 250 bp DNA ladder marker (Dye Plus); 1:
Library plasmid.

B4 B kA

Fig. 4 Agarose gel electrophoresis of plasmid

3 itk

AT 5 3 B T DU AR B SRR, b R R
2¢ cDNA SCHE, A H T3R5 w5 5 B AL s Rk
(IR P, R SERFSE TSWV 5 78 46 8 4 14
FHBEE AL . R0 cDNA SCEFR R EE N EQ
5 RNA 5¢ % VE 46 B L) % cDNA (9 50k 5 5 i U7,
AW 5T 42 B3 A9 B2 LSS rRNA ., 18S rRNA Ail 28S
rRNA £ %7, 1EW] RNA JCH & o, B ARAETE
BB, (HX) RNA Bt weAr i "s [m i 2SR A
alifb 5 i B R /N T 1000 bp (19 W EE cDNA, 3441 T
SCIE A K B mRNA B BCE, DO AR IE T 4 A
cDNA R Bri et DU 2 SO E0R .

Xof 4 11 VG AL i D Bk XU 28 cDNA SCE HEF T
O, WEEZARERE, SURRIPEATRIAT] 1.5X10° cfu
(5 T SCHEA AR UERY 1X10° efu), RIE T SCEEY
" N cDNA FEFISE Bk H, A SCEHA
A B A AE 0.5~3.0 kb, {#iIE T P4 4 %] & cDNA
SCE R AR, BT SO R A, Ak, i

T mRNA B 9% B8 002 DA = R AR 2 15 7 SR s iE 4T
G, AWESE A SMART iR & T — A &
3 A 5 I AE Y B AL AR5 cDNA SCHE, 5538 ¢cDNA
SCEAR L, 4 A 7 Beisz R HEAS B RUORUE, SCE R
B, BRI A R A R

FLAT, BF5E TSWV DY 48 % 5 4 5 A #R 2 i i
ek ME A A s, WO E B Y AL
BT HFEPE 5 7 g BRI RE, 88 6 Y
HAEA B HATIRA T e, T /5 38 1 D) RE 43 A g
A4 R AT 0 Tk B e AE e A o AR s R, H
I C A TR i 2 D R 5 I RE XU S H R AH
gidy, TP E M REE/EEAD, B UR
28 ¢cDNA 3L & 57 WG Bl T PRkt 0 8 K i BAF 2R
H, ZHESGRANREIFEEE/EEA, N T
M DIRE BT Fe il . O A R E ST o B XU 28
cDNA SCEAR15 7 BE B 4 5 R dUf% 3 A0 S A 1A 2R
. B0 Mar %% 52 FHERE R 58 cDNA SCJ i %
B[ KA (Sogatella furcifera Horvath ) RN Al fiE 5
R 7K RS SR 2% 45 9% 7 ( Southern rice black-streaked
SRBSDV ) H.{E (1 153 4~ HAE & [ ;
Rana % % DL % i % 095 % ( Tomato leaf curl virus,
ToLCV ) Hl #f A€ il 1 5§ # ( Cotton leaf curl virus,
CLCuV) WShFeE H AW, HATHB AL ( Bemisia
tabaci ) 3B ETE I8 cDNA ik CER I TR e,
we s (Midgut protein, MGP ) 5 % il M-
BEFIARAE MR BEAR BAE T, JFIER] MGP 2 5k
%45 . Ohnesorge 257" 32 I % B WL 44 32 2 45 0 156 31 4
¥y B cDNA 3C FE w5 3 i Ak il it 40T B e B
( Tomato yellow leaf curl Sardinia virus, TYLCSV ) #b
e H (Coat protein, CP) HAEMHEH (BtHSP16).
AW 5% 356 FH 2l 55 VU AL 8 5 44 23 cDNA SCE, W DLE
B2V T VU A6 HT S A0 TSWV B EAERFSE, B R
i L B I By B R B S O

dwarf virus,

4 B

AWFFE LI TSWV [ VG FE 8 5 g ARk, fay gt
T VAL I R XS4 S cDNA SCPE ., SCHE PEAS R
B, ATk 1.5X10° cfu, SEHHHARBUMITE 0.5~3.0kb,
WA SC I AT, AT T T PG AR 8 5 A TSWV
ZIHEAEHI R, H9E TSWV R YLl f A ik
FIP AT RE Bl A T A6 8 D 1% 7 21 LIS
FEnl, XFE— 2B Pria A R R RS TSWV B B2
B E .
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