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¥ E [BH&) V4% Frankiiniella occidentalis (Pergande) & FHHiEFZEHi# ( Tomato spotted wilt
orthotospovirus, TSWV ) [ EZAEREA, LGRS 7 G4 TSWV, (HAELEIRT S 5 E/EE
HIWAE R, A5 L, TSWV BI/MNEEE H Gy ( Glycoprotein N ) A HTGE S MAH S EAERER, N
B TSWV 516815 1 EAEDLHIRAUKTE . [FF3%] HEELL pPR3-N SH# RN PUEM] iz R 4Rt
WAL R G5 cDNA U, FIH Gene Ontology ( GO ) il v EREAEE A, st AW ¥~ohee [ER] W
FEH] D) cDNA SUEPER N 3.2x10°, BREEETFH). BIRTFIIRMBLIFH, ks 74 ~5 Gy HAEWEA,
S5 TSR, LR EYE RS 12 Mgt i, (88 SO WE TP EE] DR X2y sg
WA Z cDNA U, ifiEs] 5 TSWV Gy BAEME A, it —L 5K TSWV 50510815 1 BEAENLHIZEE T
Hedi
KEIF WUEEI S, FBAMBEENTE; BERSCRERS; BEAEEN

Identifying proteins in western flower thrips that interact with
Tomato spotted wilt orthotospovirus Gy

ZHENG Xiao-Bin'™" WAN Yan-Ran®> ZHANG You-Jun' WU Qing-Jun'"™"

(1. Institute of Vegetables and Flowers, Chinese Academy of Agricultural Sciences, Beijing 100081, China;
2. College of Plant Protection, Agricultural University of Hebei, Baoding 071000, China)

Abstract [Objectives] The thrips Frankliniella occidentalis (Pergande) is the chief vector of the Tomato spotted wilt
orthotospovirus (TSWYV). This virus is transmitted in a cyclic and proliferative pattern, but the interactive proteins involved in
this process are unclear. The Gy protein can be used as an indicator of interaction between F. occidentalis and TSWV, and
thereby provide a way to clarify the interactions between vector, virus and plant host. [Methods] A cDNA library of the
ubiquitin yeast, two-hybrid membrane system was constructed using the pPR3-N vector. Interacting proteins were annotated
with the Gene Ontology (GO) pathway and their biological functions analyzed. [Results] The capacity of the cDNA library
is 3.2x10°. After the removal of repeat sequences, vector sequences and frameshift sequences, 74 thrips proteins were found
to have interacted with TSWV Gy protein. Annotation results showed that these host factors were involved in 12 biological
processes via the GO pathway, including cellular, metabolic and biological regulatory processes. [Conclusion] A cDNA
library of F. occidentalis was successfully constructed and proteins that interact with the TSWV Gy protein identified. These
results provide a basis for further studies of the interaction between F. occidentalis and TSWV.
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7§ f& #] T Frankliniella occidentalis
( Pergande ), M FRH f5 &) &, J§ 2 H
Thysanoptera i 5%} Thripidae ( Kirk and Terry,
2003 ), E—FErEFE R, HE MY LIk 62
B} 200 2050, WHEF 2 EENETED . G
FIFEFTEE (Lewis, 1997 ), LT —FhEZMY
T F R FE B (Ullman et al., 2002 ), P44E#]
IOANEEBIREAY 2L . ih L BRI,
W ] DAL RE Z P 10 UG 3, S B2
5 # ( Tomato spotted wilt orthotospovirus,
TSWV i B ERE A PR Ullman et al., 2002 ),
DI AVEE 3858 5 XL #% TSWV, ITJLAE, 7
A8 S AR 3R [ 1Y A 0 R AT A 3 AR S A AN
HfaH (IR A FAE, 2003; REHS, 2007; Wu
et al., 2017), EWNIMYEPRIGEHERD], PG
R EHZJGHEAERE TSWV [ RTT. #EH
1], TSWV TEARY) Z [0] A% R £ 2AREE AR
HOsi By, B T A BE NN 1 AL AR KRR EE |
PR TR AR B A RLT IR

TSWV J& T4 Jé W5 2 B} Bunyaviridae #ili
BE 95758 Tospovirus, 2017 4F 3 H [E R4y
27 514> (International committee on taxonomy
of viruses, ICTV ) FEL KA T BoFi s 702k
e, AR JE WA R R 9k A e K #E B
Bunyavirales, #5205 & B0 0 B BE2E
i 72+ Tospoviridae ( Guterres etal., 2017 ), H
Hi TSWV ZERRU . dE3E . m3E. MWEIFIREED
2 EZ MMz 50 A0, T ER AR P
=i dbaSE A A (PR SR L
1989; ks, 1992; FGEE, 2008; 25 €45, 2012 ),
HT TSWV 3R FER)T, @Rk ™
PG Rt B 10 Fhfa F ki KA Y9 55
Z— (Scholth etal., 2011 ), TSWV JG#KL T H
12924 80-110 nm [ ERIRMR S 2 1H (5L, S5
H AUZ NG BT 5 . HIE 2 A =70 RNA g,
SR A BRI IER & A 8 AN X B H
HFME BURARAR 258 1) DR S1 BRI | Tt 6 4>
HH, 0T A4 RNA-L, RNA-M
I RNA-S , RNA-M A 2 DIFHREAHE, Sifit
127.4 ku A Gy 1 G Moritz et al.,2004 ),

9 5 BEE U INAE R 5 — 2D T TSWV Gl
() Gy 25 1580 2 b g b B 402 1 32 AR B i 5]
(Bandlaetal., 1998 ), & F#[ 55 TSWV [HH
YEFE F H A A P HRIE , Medeiros 45 (2000 )
ia AL e RoR ,, R INE] Bk N —4> 50 ku
R H A g & TSWV 3244 Kikkert %5 (1998 )
K TSWV IR EERL T-1F western E3E FEMZ )5
5—%) 94 ku Wi EH LS G, (HIX 6] 5
EHYIRE RS KA — L HIE]

AT [ P b 2 2 32 o OE 1) A% 2R
JrEXT TSWV DR FECRALEL AT TS,
KF TSWV 5HARE UG B AR A 1% 5
PLHIEA K Y, (R T8 DR ¥ I 5
TSWV KA BAEME PRI RIAAT 5
STPUNFALIRy ¢ ras AT C/ s 7 NI /8 = oy i & 4]
AE 8] BT RE XU SC EAR 2 ¢cDNA U, i IRk
WAL EN S Gy ATREEARMEH, X
PR TR RIAZE, 2D H T REM 2B W)
“EUIRE , A )R 26 50 206 1 5 P AR i) S 1 BLAR
BLI B Bl

1 #MREFRE
1.1 RIEHE

HHAPEIEE] D F 2003 4R [ AL 50 E X
AR Bl 2 Be g S AL T T il =, 2R
Phaseolus vulgaris L.7E = WM 3%, 1 3% R ¥
(25+1) °C, J&J&# 16L : 8D ( Zhang et al.,
2007 ).

HH TSWV (TSWV-YN) fibk R & TR
JE (26+1) °C, St/ 16L : 8D, X
80%-90% M N TS M5 =46 ( Zhang et al.,
2013 ), LAVHAES] SRR 7 A2 g% Datura
stramonium R I 747

F %57 : La-Taq . In-fusion HD Cloning kit ,
SFi 1 T HZ TaKaRa A F), Matchmaker Gold
Yeast Two-Hybrid System. 3-Amino-1,2,4-triazole
(3-AT). B-FFLBHHEE, WTE4Y TR (KiE)
ARRA T Foki/NMErh e &, T RIRAEA
B (dbnt) AR, DNA BERE RO &
4T New England Biolabs 23], 5 |#)& m-5
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I H AR A B AR B J 58 A
1.2 REWHZE
121 FEEDEGWNRLZIEKRR cDNA XE
RO HUVGAERT L 1 A H (6 h NIL) &
500 3k, 45 TR A B YL TSWV FIEER 1)
SRS ERIL (HEER 9 eom) 1, E
24h )5, BB ENZET L, W duilF AT s
FEEAN (IREE (26 1) °C, SBJEM 16L : 8D,
FHRTREE 80%-90% ). 7E PU AL# 2 #4 HUil] |
B R B ), A TSWV ARBRAIR AL B
VAR 52y 100 Sk BT 1.5 mL PE &, %I
TRIzol FAREUE RNA, EAARLIRIEIL IS .
{1 1 Y% BE B EE I L VKR RNA 1 58 B
4 RNA HEAE FIGRR G AR A IR A, 14
VAL #] LR DR S R 2R cDNA SCHE
1.2.2 FEH K pBT3-STE-Gy HIKIE RS
PR D0 TSWV H2Fh T (g5 = v B e bk L
4 JJan i B R I | sk | FEE AR,
WBRE AR AR AR SRS I REIRET, B TSWV Pt
I AR S A B D T SR 7

BURZ) 10 mg & Fp% M I TRIzol 4%
et F 4 RNA, J] PrimeScriptTM II'' strand
cDNA Synthesis Kit S % 5127 & 4% B3I 45
U R cDNA, 3147 In-fusion $23k /751 Gy
FHEPG (F 1), LURGE TSWV 1= g2t
Ji cDNA AR Y 1S Gy JE, i i atifb 5L A
F B, H SFil Y] pBT3-STE ik, LI~
2 1.5 %L HEE I Ik S, I N alifb 2k A
Bt Gy IENERELMAL pBT3-STE #iik, 1k
DH5a A2 400, WA THifR R Z 4t LB
AR, PRBEIF . RRIFCIRE, /MR E
R & HEH pBT3-STE-Gy Jiokr, itifFT - 20 °C
FFH.

*z1 5|9F7%
Table 1 Primer sequence
5 Y) 24 52l
Primer name Sequence

GTAATGGCCATTACGGCCAAAGT

PBT3-STE-Gn-F -\ 5 A AATAATTCGTGG
AGTACATTCATGTGTGATTGCAG

PBT3-STE-Gx R yrgGecGacaeaaece

1.2.3 pBT3-STE-Gy BB H K 78 BB Btk
NYMS1 T RE AN R B B B B NYMST H
TEREHERN R 2xYPDA WA R, 30 °CTF 220
r/min %575, 1F ODsss fE N 0.6-0.8 B HE 1R
W, F Yeast transformation system 57 £ il £ J&%
23, WAL 4 Fral A (BRLHFE BURIFE 1.5 pg
i+% ). MpBT3-STE-Gy Ml pPR3-N; @pBT3-
STE-Gy 1 pOst1-Nubl; @)pTSU2-APP Fl pPR3-
N; @pTSU2-APP Hl pNubG-Fe65, %4 kE 4%
UL B LB R Z S, B ER R
9 cm MYk M [ R 3% 57 B | ( SD/-Trp/-Leu
(DDO ). SD/-Trp/-Leu/-Ade( TDO ) Fl SD/-Trp/-
Leu/-Ade/-His( QDO ) ), B> F-A 3 BB,
30 CEIE 1535 3-4 d.
124 THEEEFMHMHL 4 pBT3-STE-Gy 1L 7|
TR IR Z AN (AW ik 1.2.3 fr
W), AT B R 9 om BYEFME ARG 2L 1
(SD/-Leu), HAFHHE OEE A, 30 °Chs
F% 3-4 d. KRS, BULEEFE] SD/-Leu
PR IARE SRS, 30 )C44F T, 220 r/min %52
BV, 19 ODsse fHN 0.1-0.15 B BSOS, &
B 30 CHUHAR) 2xYPDA AR IR 3L,
30 C4MFF, 220 r/min $E5R7E¥%, ODsy (HH
0.6-0.7, il #& A pBT3-STE-Gy JFOkLAY EERE/
ZASANN, 523 Tk pPR3-N( FORiA% 7 pg 1145)
AL BT REEAZ S AN, VAT E 3-AT W /i
H0.1,25.5,7.5,10, 25, 50 Fl 100 mmol-L"
() QDO HAZ N 15 cm HYEFRPEF AR F2 3L |-
U AR BE 100, 1000, 10 000 155, & A
1E£ DDO EHAE N 9 cm AYELENE ARG IR I,
AR E TR, 30 CEIE R 3-4 d.
1.2.5 pBT3-STE-Gy FETFE K 6665
cDNA SCEFREL ( Bokidi 7 pg TR B b B A7
pBT3-STE-Gy JUR A BB AZ 25 4 it ( 7 ik an
124 Frik ), WA Bl A 3-AT WEH 7.5
mmol-L" i QDO F 42N 15 cm AYEFM: [E A s
FIE L, BRSO RS, 30 °CHElEE;
3% 6-7d.,
K H 0 B TR 5 T R 2 30 R ) 0 5 )

QDO/3-AT (¥} 7.5 mmol'L™") HHAH 9 cm
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PR [, 30 °CHIERFE 3-4 do B
FLAS I B BB YR 00T PCR R, X 45 21 )
B RRIEAT Blastn #3, TERIEHARYINRE, £
TN BRSSP R A5 TH SO |
pTSU2-APP Fl1 pPR3-N( FIPEXTHE ) pTSU2-APP
Al pNubG-Fe65 ( PHMEXFHR ), k=¥ AifE
QDO HA#AH 9 em IEFEME KSR EE I, B4
SEARH B O R, 30 CCRIERFE 3-4 d, K
R RS, FHWERE B2 UM A 0 &
iRl 8

2 ZRESWH|

20 BREDBEWRAZEER DNA XFE
L FES

1% Bt B W 468 i Wl vk R S s, P A ) 2
RNA 1 28 S Fll 18 S Ay W54, 5 S w59,
H 28 S & MTeEZ 18 S iy 2 4% (& 1), LA
EERF, RBUGTIAESE] D B RNA BEAK AT
Wfigt . SEREMERC Y, el R0 o it e A P AL
i I cDNA SCPERYESR

M1 M2 RNA

1 FEEEI S B RNA HBkE
Fig. 1 The electrophoretogram of total RNA of
Frankliniella occidentalis

M1: DNA marker Lambda EcoT14 1 ;
M2:. DNA marker 250,
MI1: Lambda EcoT14 [ digest; M2: 250 bp DNA ladder.

4 RNA &% cDNA, 4ifb)5H) cDNA 5
LRV SR EAR pPR3-N 35 H AL KT &
AR PY AR I SO 2SR 3.2x10° (& 2),
FEMLPREL 16 L REME T PCR, 25 R4NEl 3

WoR, ZSUERRHARN 100%, AR B K
#1000 bp, ¥—AbFBEEERT 2°, F8 CE
BEAA, NIRRT R IO R S

B2 AREESXEES
Fig. 2 Library storage capacity of
Frankliniella occidentalis

M123456738910111213141516

B3 FHEE SR cDNA CEHEA F B Bk E
Fig.3 The electrophoretogram of amplification
products of cDNA library of Frankliniella occidentalis

M: DNA marker 250; 1-16:
PUAEE] S cDNA SRR HE 1)
M: 250 bp DNA ladder; 1-16: The amplification products
of cDNA library of Frankliniella occidentalis.

2.2 BEFKEE

WL 2% BB R UK I o, R
ZZI2 1200 bp, Fr BeR/N 5 TUHAS AR B
4: Ao WA FPESRT SO IR R A Y A
MY, 2% 5E  PCR %5 | P& ,
FaJ ) pBT3-STE-Gy Jit i A/ NI B (E AR A &
4: B), UtBIEH AN H 0 R BOE A TOR b 3Rt
MEIERS, BB, AT TR0 .
2.3 BIESHKEBTHEEEITE

FERETR VR AR B O 5 B, BT AR
Hrp, BT pTSU2-APP 5 pNubG-Fe65 fif

KRN EARERIVMEAER, Wi E
DDO. TDO #1 QDO £ -4 A= K AR 4r . B
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PEXF R4, pTSU2-APP HEH 525 FEFiki  TDO Fl QDO B A K, as (Ax fEZ

pPR3-N i 345 19 2 11 NubG A4 & £ AR, WIHE [ pBT3-STE-Gy 1 pPR3-N W {X fiE7E
W HfELE DDO B8P A K . WFIBHT  DDO EF T EAK, BB AR RE 7 B 1)
ki pBT3-STE-Gy Al pOstl-Nubl figf7E DDO ., BRI A s HOR & 5 28 ook HAE

A M31 2 3 4 5 6 7 8 B M3 1 2 3 4 5

1200 bp

E 4 TSWV GyEE (A) #1 pBT3-STE-Gy R (B) HEEES Bk E
Fig. 4 Agarose gel electrophoresis of TSWV Gy gene (A) and pBT3-STE-Gy plasmid (B)

M3: DNA marker DL 4500; A. 1-8: GN FEH W4 847 4); B. 1-5: pBT3-STE-GN W RS 7 ¥ .
M3: 4500 bp DNA ladder; A. 1-8: The amplification products of Gy gene;
B. 1-5: The microbial amplification products of pPBT3-STE-Gy;

N PBT3-STE-Gy+pOst1-Nubl ({hHH4)
PBT3-STE-Gy+pOst1-Nubl (Treatment)

PBT3-STE-Gy+pPR3-N (25 % Hf)
PBT3-STE-Gy+pPR3-N (Control)

' pTSU2-APP+pNubaG-Fe65 (FAHE BE)
pTSU2-APP+pNubaG-Fe65 (Positive control)

pTSU2-APP+pPR3-N (B Fe)
pTSU2-APP+pPR3-N (Negative control)

DDO TDO QDO

B 5 iFEHK pBT3-STE-Gy RITIREIEIE
Fig. 5 Functional assay of pBT3-STE-Gy bait protein

DDO: SD/-Leu/-Trp ¥:3; TDO: SD/-Leu/-Trp/-His i:3; QDO: SD/-Leu/-Trp/-His/-Ade 5323k,
DDO: SD/-Leu/-Trp; TDO: SD/-Leu/-Trp/-His/; QDO: SD/-Leu/-Trp/-His/-Ade.
24 B{ED cDNA XEREEEER DNA, i Fi R4, JF HfE 1 3-AT I
KU pBT3-STE-Gy fil pPR3-N Jtftfyze KM 7.5 mmol:L, £k QDO/S-AT HifRIE L
DDO MHEMTAR FHUREAH ., Belsmp  EF 216 MEICHBLRAFRIRETE, X5 216 145
KT 8x10° cfu, FEALBIERAT 1x10° Eiik¥upe  PICRLG PRI BURLILE / QDO dEFEMETAR, R
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A RS BECR 85 A5 4 ok REAS £ QDO B4
P EIER AR, WA 131 AP FOR -5 BT
XFIERNRETE QDO BEFEPEFAR FIEW A K, TH%

ek : FMBEZEMREE Gn 5 L] 5 B /RS [ WP ik - 645 -
PR 85 AR FUF RIE(, B R R B
GBIk (9), JEMmIRE 85 Mk EAEE .
25 FEEZEBRNFS

IR HARLL, %%%z 85 A HE FIAE R RUR
LR R EIERE S

KK Gy R AEEAE (H 8) Xt 85 AN H B
25 B-2F FUMEH I (5 S AN, FHAA X B A

Jif. pBT3-STE-Gy %

K2 BHESHR 74PN5 TSWYGV\AEEEMERR

i1 NCBI Blast ¥fiX 85 3K #1751 L
Xt, BrEHEEFA . BT MBI T, 153
T4 EES Gy KA HAEMEH (£2).

Table 2 Proteins in Frankliniella occidentalis interacted with TSWV Gy protein

%> By FEP R WFh
Number Accession number Gene annotation Species
S  E s A
I XP 026275307 TP RNA fi el . vIAE8I 5 o
- ATP-dependent RNA helicase p62-like isoform X2 Frankliniella occidentalis
2 XP_012278228 HEIJ@J.?Eﬁ? . . . . o i ot
- Protein tumorous imaginal discs, mitochondrial isoform X2 ~ Orussus abietinus
3 AHBI2466 608 BOBE IR I w
6OS ribosomal protein L19 Pantala flavescens
4 AAR12009 AHEVE 1 %ﬁ:%&%
Cathepsm B Triatoma infestans
R SLIRLFE
s xp olaacosgy  MENUREFEEE e
- Myosin light chain alkali Dinoponera quadriceps
y \
6 Xpoissizaey A0S PRBRIREFIR IR :
- 40S ribosomal protein SA Neodiprion lecontei
K 47 i g
7 Xxp_o032dsels DNABEER wos
- DNA repair protein REV1 Acyrthosiphon pisum
> == YH
¢ xp olarsrogy  EFIMRZEEI T
- Proteasomal ubiquitin receptor ADRM1 Cimex lectularius
9 065353 608 *Z*%ﬁiﬁlél;ﬂi .
60S ribosomal protein L5
SE Y I Y
10 Xp 023721407 WIEER , , AR FI
- Vacuolar protein sorting-associated protein 28 homolog Cryptotermes secundus
T S8 \
11 XP 024867547 SRALIKE B E . VI L
- Immunoglobulin-binding protein 1b Temnothorax curvispinosus
; o
12 PSN46355 605 BORHEERM A
60S ribosomal protein L13 Blattella germanica
13 XP 012282429 REIES E”ﬁ . . o
- Translocon-associated protein subunit gamma Orussus abietinus
14 ODM92633 Cornichon & 1 . KA 6
Protein cornichon homolog isoform X1 Orchesella cincta
15 XP 017845558 GILT %E . Eh . ..
- GILT-like protein Drosophila busckii
ik A i) T
16 Xp 026291008 ZRMAT , PIAE8I 5 .
- Elongation factor 1-alpha-like Frankliniella occidentalis
. M )
17 XP ois177460  CPO3 IR AT
- CD63 antigen Polistes dominula
J g2
18 BAN20354 60S %’Z?{%ﬁiﬁ AR . P%’%% .
60S ribosomal protein L12 Riptortus pedestris
JIECAY
19 XP 018910308 HR!E[EEE . k*ﬁjﬁk .
- Troponin C isoform X2 Bemisia tabaci
i iR i
0 Xpozeaszors  EMEIIHLER PAERT

Transmembrane protease serine 4-like

Frankliniella occidentalis
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#4538 2 (Table 2 continued)
T Bok's e ERE L/l
Number Accession number Gene annotation Species
i L 77l N
21 XP 023719305 < BERE HERD
- Maltase A3-like Cryptoter mes secundus
- -
22 AEY99651 BT S
Translation elongation factor 2 Adelphocoris lineolatus
B PTGl o
H
23 XP_008469540  Succinyl-CoA ligase[ ADP/AGP-forming] subunit alpha, wﬁ‘jﬁ L
. . Diaphorina citri
mitochondrial
o ]
24 XP 017786965 K000 F A RAERI . AL -
- 46 ku FK506-binding nuclear protein Nicrophor us vespilloides
Arr SN ,
25 XP 019520929 TP AU o _ HECBC
- ATP synthase subunit b, mitochondrial Aedes albopictus
ERAN ’ e
26 KRX85891 & Am BeE -
Hypothetical protein T4E_5434 Trichinella pseudospiralis
STy 5
27 Xp 013175830 DR RS HrE RS
- Adenylate kinase Papilio xuthus
4 cl LS 7 [
28 PSN45665 ALK bl ) - VN _
Cytochrome b-c1 complex subunit rieske Blattella germanica
. B EAll e
20 XP 026274537 DEBEE-y-G . VA7ESI % —
- Cystathionine gamma-lyase-like Frankliniella occidentalis
R EE AR VR 2 1 L7 s
30 XP_022816380 o 'El i i i FHELBR
_ Elongation of very long chain fatty acids protein Spodoptera litura
AAEL008004
PN e
31 XP021951359  ATP A LA o _ = U
- ATP synthase subunit d, mitochondrial Folsomia candida
4H 21 i L
32 XP_026277482 ’ﬂ'/‘ﬁ[.é'% . EXE@”. EB . :
- Cathepsin L1-like Frankliniella occidentalis
i -3 Tl P e 4 .
33 XP_019881862 ﬁiﬁi@fyﬁ(ﬁﬁﬁ'ﬁk@iﬁfﬁiiijﬁfie a transferase 1 /J\ﬂ%% i E.
- . o ’ Aethina tumida
mitochondrial
= % Y
 KMRoasgo  PROMECEEZ MUK i
Fumarylacetoacetase Lasius niger
=3 MW= r
35 XP_009263902 RTRNGHE S TIEH _ . Encephalitozoon romaleae
Spore wall and anchoring disk complex protein EnP1
54 22 RO 119 T Y 0 AR -
36 XP_016915744 PREDICTED: calcium/calmodulin-dependent protein kinase R
. Apis cerana
type II alpha chain-like
A A TA K A7 {AC R
37 XP 014211456 gg@&/m\m@-ﬁa{%m@‘ ZIgNE
- Serine/threonine-protein kinase 10 Copidosoma floridanum
M 4}5 . r N
38 Xpo2io1a3yy  ellin & AR L .
- Peflin Zootermopsis nevadensis
e s
30 Xp ol12os72s O EABEEER . - .
- Alpha-tocopherol transfer protein-like Musca domestica
4 T [fL4T 227 2%
10 xp olssonory  BEE C LML RN =
- Cytochrome c-type heme lyase Cephus cinctus
A A 1> v
41 XP 021925248 ARIRIEING NAEE AR .
- Sepiapterin reductase Zootermopsis nevadensis
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43K 2 (Table 2 continued)

G By FEP R Wkh
Number Accession number Gene annotation Species
4 PNF42439 fERE A R P450 HERD FHI
Putative cytochrome P450 301al, mitochondrial Cryptoter mes secundus
43 Xp 023700502  MHEE bl ZEY) HERD I
- Cytochrome b-cl complex subunit 2, mitochondrial Cryptoter mes secundus
A e H R S A AR T
44 XP 023705208 ipi i i i .
_0237 _Probable phospholipid hydroperoxide glutathione peroxidase Frankliniella occidentalis
isoform X1
45  XP_026284803 LR VLS
- Allergen Cr-Pl-like Frankliniella occidentalis
46 XP_026273203  PORIEIRBRAIGIETT 6 HEAEF V5 1£8 T
- Golgin subfamily A member 6-like protein 22 Frankliniella occidentalis
47 KYMSl647 SWI/SNF & & 1A 73 SMARCC2 Pyt
SWI/SNF complex subunit SMARCC2 Atta colombica
48 XP_022185208  RFIABIR oAk 2 18 e
- Proteasome subunit alpha type-2 Nilaparvata lugens
49  XP 026273128 ;’%EZ%E. . . EXEEU.E.B . .
Larval cuticle protein 65Ag1-like Frankliniella occidentalis
S U i o1
50 XP 026282023 LR . PHAESH L5 .
Allergen Cr-Pl-like Frankliniella occidentalis
sI xp ooeosusse  PEMERATE T RERRIA G 1 6 7
- Ribonucleoside-diphosphate reductase large subunit Frankliniella occidentalis
LA 77l N
52 XP_023702975 H@H’%%.B . HERD FIL
Thymosin beta isoform X1 Cryptoter mes secundus
53 XP_023718205  Succinate dehydrogenase [ubiquinone] cytochrome b small
o L Cryptoter mes secundus
subunit, mitochondrial isoform X2
54 XP 018917858 ATP 5 Ll Ky
- ATP synthase subunit gamma, mitochondrial Bemisia tabaci
55 Xp 021917512 AKERBAHBRE P T
- Protein ABHD13 Zootermopsis nevadensis
i =] I==4 )3‘—»
56 XP 011190039 il T .
Enolase Zeugodacus cucurbitae
e pNsasss 40 S FEREREE P N
40S ribosomal protein S6 Blattella germanica
58  XP_021940367 REBHIL 2l PRIk
- Aldose reductase-like Zooter mopsis nevadensis
59  XP_022191770 SDAL & 1 [R5 LAl
- Protein SDA1 homolog Nilaparvata lugens
60 XP 026289525 LU , PHAES S . .
Allergen Cr-Pl-like Frankliniella occidentalis
61 XP 022091931 IR R EN ey 2
- Cyclin-D1-binding protein 1 homolog isoform X1 Acanthaster planci
62 XP 003699712  MEEECL, MELHER e
- Cytochrome c1, heme protein, mitochondrial isoform X2 Megachile rotundata
i xp omloviss  RABEME AR el

LOW QUALITY PROTEIN: puff-specific protein Bx42

Nilaparvata lugens
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43 2 (Table 2 continued)

%> BT FEP R Wkh
Number Accession number Gene annotation Species
1 o
64 XP 026281820 D AEH . AN . ,
- Protein split ends-like Frankliniella occidentalis
EABHAEE Y (D CIERLS

65 XP_003887308

Putative proteasome regulatory complex component

NADH Jlii 5 /i
66 XP_013106549

subunit 5, mitochondrial

408 BZHEE
40S ribosomal protein S6

WA 1 T

Troponin I isoform X2
Pol K3 H

Pol-like protein

i S AL
Peroxiredoxin 1

FE N T

Elongation factor 1-gamma

A e H K-S 7 i

67 XP_026284870

68 XP_026279544

69 KMQ89676

70 XP_014235391

71 XP_018576852

72 XP_003701602

s AIAT726S AN C FACTTIE 1

Cytochrome c oxidase subunit I (mitochondrion)

74 Xp ois3zarsy  VVERMAHIHER

Endocuticle structural glycoprotein SgAbd-2-like

NADH dehydrogenase [ubiquinone] 1 beta subcomplex

Glutathione-S-transferase 1-like isoform X3

Encephalitozoon hellem

JER A
Somoxys calcitrans

PUAERT

Frankliniella occidentalis
PUAERT

Frankliniella occidentalis
SR

Lasius niger

S TR AR i
Trichogramma pretiosum
B 2R
Anoplophora glabripennis
[EERZlun

Megachile rotundata
[iigiR s

Frankliniella occidentalis
S 78 T

Agrilus planipennis

FIH Blast2GO A FITEL M WEGO )
GO il X 74 MEFASITER, 35T 12
AR B0, AL . AT AR . AR
LAY AR R, R
R B | R AR R R | AE MRS A
HEREBWUR. /YR 6 i sfiEtE . o
TLERTRE . AN AR . PrELS
PEFNSr IR o AL LA O Fi: 2 P e
ARy . ANNE RS . AN RS . 0. 4N
Moy . EREAY . @12 S F
W (K6 ).

i OV AR MR AT SR T KOG DfigiE
B, SRS BICHHRTS, B E MRSr AL,
PTG R o R HAT DI RE 4250 3B A
e, X 74 AR 0 BAE SR T D RRIH 2R AT
FEZ5 TRERMER S B, BIEE
i, AT . 555 A E 2 i el As
(E 7).

3 itig

ARSI W DR T VS AG ] Sz R Ay R
X2 8 R SC PR DA S B8 78 T B R 48 vh IE A 6 36
I FABEZNEE Gy R VAR, It
T 74 DTRE S FATPEZIN B AR P AL R D
EH. RN TERAIX 74 NFFERETH,
FZWEAR R RN 3R B 2 1 A = B A e o

MR F & — R 2 A AT 5 A% A
RNA Z5EME M. ZE AR T e 4 iz ik
A, BTEARMER IR . BEAE . PR ki g
HEEAVEH ( Chen and loannou, 1999; Hui et al.,
2006; Wanzel et al., 2008; Xu et al., 2016 ),
1EH 0% C J%57% ( Drosophila Cvirus) 1, XJJE&ye
I 1 O SR R AT R A T 4 L AL RNA e, 15
BT 66 AR C R T AR
WA (Cherry etal., 2005), Li% (2011)
7E K K #\ Laodelphax striatellus Fallen 1P, %
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75 146 o
=
o= o
sg S
R ys 27 2
&% 177%
mw30 z
i o
= o #
K& 15 =
™ e
0 0
SE=F§F§
O 2 q
5§28
-
25
= F
§
g
L
S
&
Cellular component Molecular function Biological process
YA M 53 I TIIRE E7/por
6 GO #H#%E
Fig. 6 Classification by gene ontology
14 -
212
i &10
®o 8
E§6
mg 4
) |_|
0 mil L m . m
EFGHIJKLMNOPQRSTUVWY Z
HfE4r25 Function class

7 KOG %
Fig. 7 KOG function classification
A: RNANTAUEMG; B: Je@BEMMENZ; C: ek ML D: ARl , Mins, Jakni;
E: @AM F SRR G sokib & Wam il H: fias i 1. Jgpks fk
W T B ROMEASSM A AE YR L. W EHMBE; M. J0H0RE AN R AR Y R N IS E)
O: BFEEAFUEM . EABUECH . H1H; P THLE TG Q: WM. shm st
R: —fRIIRERIN; S: RMIEE; T: FoHFHH; U MRNEH . MM, V. Bl ;
W MM Y BIRE T 2. AMIE R
A: RNA processing and modification; B: Chromatin structure and dynamics; C: Energy production and conversion; D: Cell
cycle control, cell division, chromosome partitioning; E: Amino acid transport and metabolism; F: Nucleotide transport and
metabolism; G: Carbohydrate transport and metabolism; H: Coenzyme transport and metabolism; I: Lipid transport and
metabolism; J: Translation, ribosomal structure and biogenesis; L: Replication, recombination and repair; M: Cell
wall/membrane/envelope biogenesis; N: Cell motility; O: Posttranslational modification, protein turnover, chaperones;
P: Inorganic ion transport and metabolism; Q: Secondary metabolites biosynthesis, transport and catabolism; R: General

function prediction only; S: Function unknown; T: Signal transduction mechanisms; U: Intracellular trafficking, secretion,
and vesicular transport; V: Defense mechanisms; W: Extracellular structures; Y: Nuclear structure; Z: Cytoskeleton.
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B8 EBERAXBIRIEEEEA

Fig. 8 Verification of interacted proteins by co-transformation assay of yeast two hybrid

DU AAREARER, 2T ANARMEMENE, A AR,

The top one represents interaction protein, the left represents positive control, the right represents negative control.

A 3R 5 7K 8 2 B0 T Rice stripe
virus, RSV ) AEURIIEAMICER , ML LA
REAZ S T KRS S0R TR K CEUA P A3
o TREKDTAE (2013) TERTFE KA BR A IR A G 7
WA, LB ARE A S SN KR ER
S ] . TSWV S aE kL1~ 1 A B vl 40 A 14 40

M), da “HEiEPLE " ( Specific cap donors )
FCE . mRNASIR T FIE ] RNA JEP 4 ( Van
Poelwijk et al., 1996; Duijsings etal., 2001 ) ,
eI AT RE e X S A R B TSWV
TE VG A8 E 1A P 52 RS 5

MAZE MR EEANILT AN, FEhe
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B9 p-+FEHEBOMLER

Fig. 9 p-galactosidase detect 85 interacting proteins

ZEMACERBATEXS IR, R EAR S, A MACERBI TR 1

The left one represents positive control, the middle represents interaction protein, the right represents negative control.
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SRS ME ARSI AS RIRES, L an 2]
T =B E R TS ( Andersen
etal., 1995; Gilbertetal., 2005), i TFRHBHE
KRG E 2, Frll BB py R E A A diR
F 5 (Soares et al., 2007 ), Fk+ (2014) F|
FABERE G AR AR b 22 & Co-IP B, 7EAK
PURMARSMIRAIE T KRB J 8 H 5 RSV CP &R
[ AAAEBCR P BAE DGR |, %8R (] R 3 5 7K A
ABUR RN EAERR LS A R M AN -, nTRE S
s 1 TE K R B 38 HP AL B N S g o B
HEEEENMEA. Cilia 458 (2011) FIHB L%
I A R4l 2F, fE2F — X% Schizaphis graminum
WEE T LM 5 R 505 Cereal yellow
dwarf virus BEAEREE 10T, XEEEATRS ST
o BE SR A — SO B B R I L B TSWV S 8
HEN T B NG, 7B S T 5
B — 18 5 2 i B A T v g e R 40 A 4 A
R, REERL T Z RO b X A R, AT RE
TERLEAMNSY (Nagataetal., 1999; Filho
etal., 2002 ),

UEAL, FE VU AL ET R PR A i ) — e H B R
HE, g A RIS 2 114, KOG I)
RETE RS AT, REE N FES 5 T FESHS
FIVZ LB SR AR o By (6 A DG BE F —Fh v T
AW EREEA, A E Mo, B,
y F1 ), REMSIEREMENIIHENE ¥4 ( Rapoport
etal., 1996; Ménétret et al., 2005 ), A7
B —Fh G M A L y W3E, 1%y WL ES B N T
PR 4 UK, JE VIR =2 T o o TEFE A A%
Z MRS EE (Occlusion-derived virus) £3 I E
BT A, How R LI R 23 5 BIRIR
& ik Spodoptera exigua i Y Py 5 R R L, I
Wiz B E s A% - (Hong etal., 1997 ),
76 U1 H7 i Babesia bovis 2% 4L (1 i 7 4 i
Rhi pi cephal us (Boophilus) microplu H /i 2121
ZHNFHXERZSS THESE SN R7

( Rachinsky et al., 2008 ), JHBEAENE L IIAERE )
S— AT TSWV il (1) Gy B H 581 5 g
b B AR A2 AR A9 ( Bandla et al., 1998 ),
MZRLEVFUNFN BRI 52455 )5, diHNAR

BERRIRTT (cAMP ), HBEIRSH (cGMP) FI45
BETEYER, S 59 M AEYRESRE, 5
PLAHDCHE [ ] BRRF AR5 AL S B AL, A fE
i R A 1 S 8 E S AR UM IR 45 G

A i B LS 8 DS 1A Co LSS 2R
FUE—Fh el 3 R Z A, B
F1 C (TnC). WUESEM 1 (Tnl) MPESEMA T

( TnT ) ( Farah and Reinach, 1995 ), HL#5#EH C

B RS DLIE 45 8 Ca> W3S LIS 3, i Al ] 4
P MM A 22 £ 55 ( Lehman et al., 1974; Lehman
and Szentgyorgyi, 1975). WS A7ERRBE
KAF IR EEELNIEN, LS E A ERE
TERA R R4 Monochamus alternatus 48t . i il
BORHHARA Rk (RAEMR, 2015); HYWNEEER
FUFNAF B AR, 38y 3 LA AR A o e 2
MR AT DA AL 5 48, DUEE BE RS AE
77 £ &2 #l (Reichel and Beachy, 1998; Camilo
et al., 2012). JEEETER ML, L 0
FNBAEAGWE, BALE SRS KRR LY
BRI ok, FEIX AN AR T, R RO AT
fEiAEIAY (Lyman and Enquist, 2009 ), {B7EPY
A 80 h R P 3 B LS 26 1, R e e R B
A FLIE AR 2 i A R B i o B A DL 5
L TSWV & il

AW EE T2 2 7 SRR IR 28 R Gty
TR SCRE K S TR, JFAE G S A s
F10 i P S e 1) 74 AP AEE] B 5 TSWV BAE
A 1 B 1 o 3 3 P B DL 28 3R 4 Wi ok e 2 1
REAFTE— (B PH M , 75 25 i HoAh v it — 20
INHEAERR, 52O HAMEAR (BIFC),
B LLPIYE ( Co-1P ) $AR LA K Pull-down A5 45
T5 o T ANBEE NN 1 5 HAG 1A 32 VU AL i S 7 P
[ A R TP BT R AR B AL TR AL,
RS Z M EAEE N, FAUIE TSWY 5
VAT S 1 EAEALE], AT R PE AL S F TSWV
(19 7 v BT R B FUBT iR A%
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