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RHEMNSsR-9 A fdvcm X p A (Tospovirus) s # s PRAEA I AL Pl a4l 4] 2
EFF o AnadEE R /\é‘lﬁ-}]%% (Watermelon silver mottle virus » WSMoV) NSsﬁ»w
i H PR 7 @5 22 WSMoV w ,7’{— ¥ A4 n 7 FFE R {7 R *'JEJ" F 3= ,ﬁ)ﬁi% (Iris
yellow spot virus - IYSV) {r§ ic% #%+ (Tomato yellow ring virus » TYRV) % 2LWSMoV .
¥ S R ANSsF-¢d o Sepitope mapping4 47 {7 & » WSMoV NSs 3¢ % 983120 i "= A & & 71|
"VRKPGVKNTGCKFTMHNQIFNPN ;| - ¢é % % WNSscon » 7 H fkfnfl 2 & eniz % » B 7|4
P70 RN RE AR IRTHAE ANEE R }54} NSsF=v > % F WSMoV NSs¥-v ¥ 3k
oo Lo W 5 o Bl B e b ¥ - 3 g AR A
FISVCSNTVNTNGVKHQGHLKVLS | » # % % TNSscon » 74 % 35 A3t 4 domgh % }%:)]%%
(Tomato spotted wilt virus » TSWV) ~ 7= 4 i{%ﬁ-‘}?ﬁ% (Groundnut ringspot virus > GRSV) fcg i
=3B saghp 4+ (Impatiens necrotic spot virus » INSV) NSs3-¢ 0% 983|120 B "% A pt =¥ - i
B 2% or 7 NSsd-v hle /R |2 22 tospoviruses 7@ i 3 B > @ NSsh-v chg g (25 7 #-2 4
¥ BltospovirusessiE & thi o A F I Fa AR T ** 4 ¥ g5 & (Zucchini yellow mosaic virus -
ZYMV) & 47 ),%4 ;W*" i mﬁz IFL?%E 4 ﬁTSWVfrINSV NSs3-v » ¥ ¢ % =% INSV NSs v
% TNSscontis i-2 i » 7 &7 * 1R PITSWV ~ INSV ~ GRSVArTCSV % & % Al f5 4 » &
% 422 WSMoV NSs 3-v enfrdlific & @ * > 12 > % I ehtospovirusest if]-T 5 o

Mt facmEpd b~ AT adrdS o G g e

(=) ®*HL

Nonstructural (NSs) protein of tospoviruses plays the role as a gene-silencing suppressor that
overcomes natural defense mechanisms of plants. In the previously study, the produced
monoclonal antibodies against the NSs protein (MAb-WNSs) of Watermelon silver mottle virus
(WSMoV) serologically reacted not only with all members of WSMoV serogroup but also with
those of non-WSMoV serological related tospoviruses, such as Iris yellow spot virus (IYSV) and
Tomato yellow ring virus (TYRV). Epitope mapping showed that MAb-WNSs recognized the
amino acid (aa) 98 to 120 region of the NSs protein of WSMoV, the sequence is
“VRKPGVKNTGCKFTMHNQIFNPN”, denoted WNSscon. Sequence alignment of the reported
NSs proteins revealed that the WSMoV NSs MAb-recognized region is consensus at the same
position of those of the aforementioned tospoviruses. In addition, another consensus sequence
“ISVCSNTVNTNGVKHQGHLKVLS”, denoted TNSscon, was found at the same position, the aa
98 to 120, among the NSs proteins of Tomato spotted wilt virus (TSWYV), Groundnut ringspot virus
(GRSV) and Impatiens necrotic spot virus (INSV). These results imply that the homology of NSs



proteins is related to the evolution of tospoviruses and these conserved regions of NSs proteins are
able to be the important target for detection of tospoviruses. In this project, we applied the
Zucchini yellow mosaic virus (ZYMV) vector and bacterial expression vector to produce the NSs
proteins of TSWV and INSV. The antisera against the NSs protein of INSV or the TNSscon
peptide have been produced. They were successfully used to detect the Euro-American
tospoviruses, including TSWV, INSV, GRSV and TCSV. These antisera will be used with
MAD-WNSs to establish a complete detection system for worldwide tospoviruses.

Keywords: Tospovirus, gene-silencing suppressor, and serology.

BES
I~%73

FE R *ﬁ%%ﬁu}%% SRNAF R FI 2471 P ARP 9 - Ap e - 3 S RESF B
EEdlend & ;& B WA FlTaAdrd] F]F (gene silencing suppressors) > 7F = A B iTAR R A a0

il S I I ﬁé 4 NSsF-v % tospoviruses ¥ Fife 47 [# i & Ji 2_ gene silencing suppressor ©
NSs¥-v ftospoviruses*Tfe 4 et 4 fm?z b 25 p 7 48 (inclusion body) > % ILE 7 I3t 2) = %
fils &g 2 B8 &9 (nucleocapsid protein, NP) » X » o v 4 7 82 > & F
];5_%. -0 BRI @A UL 5 P au“/-]? JNPF PG H 1 LB AL it 3 Nz o s Heedew Wi
,,m;;—]z\» B GNIEE zk»m];—] SRyt o H AR ehdw ‘513& fe BANE P wmre rrd eh
Fov o MNP BAEBFHABREET F B ZYMV§k 8 4 B+ £ WSMoV NSs
Fov o T FRTHRE S AR > Tt NMEtR Y EF R B R 2ZNSsEd o R Fn
H k8 (Chenetal,2006) o 1" g 4ds > 327 7 3 #78 % cAWSMoV NSs kv ¥ $k ol “T
¥ PP WSMoV & £ 2 ¢ 5 { ¥ B 3 WSMoVe F#2 13 H i & F » ¢ 35CaCV »
CCSV ~ PBNV » WBNV ~ MYSV » 2 [YSVi j#2 4 » ¢ JEIYSVIcTYRV > § {25 et i
FR O Y - A~ 5 WSMoV NSs #-v P BHBRPAELPTE PR -y
MeavedE R s > 23 Rg e Gy At sik87f;§_:)l%4 INSsF-v F % 98-120 B "= facniz § >
T MHE S 5 TVRKPGVKNTGCKFTMHNQIENPN | ¢ & % % WNSscon °

PLek s e R e drend fétospoviruses » B R FRBHFTSWV L 3 HTSWV{-rGRSV
B0 2] INSVZ NSs v b Aple chiz B ($98-120 B %fAf) T 40T ¥ - B4 HT 1
5 7T ISVCSNTVNTNGVKHQGHLKVLS ;> & % 2 TNSscon’ @ ¥ = fb= i /i‘q'] PCFV4-PYSV
RIZ7 55 R U BRI o a0 47l % o NSsF-d F ehg g LA 77 3R] P
an & Frep]7fatospoviruses = RF A 5 S Fo bt B R BITE AW R Y P%‘f‘*‘ AT 5k 2B T BE A
PR EfLN-AARRE T "E’NP~W”§~F&§ y B o S HCHEE FNSsk-o el e e 410 B IR

BETHERET 8 ’Fr’\:%*fjg‘m Eic 4 3 Mo FEBIF A0 5 NSskhko a2 %



-7 % B e

PR T F R T 2 EeNSsEY P enE BT RFRET S HE G Mo R
FE DM AW R ST NE RS 2Rk o WSMoV NSsi-d chH fhfidf e =
oy L B tospovirusestw B iF 4 1 B H A ;ﬂ]:;’;;:%; SR A TR E RN ¢ a4
Aend o P g o 502 { = K etospovirusestr Bl ks AT R E I EHF L BIREE
1 ETEFZZYMVIES i % U8 8 S 2 A Rk Sk £ RTSWVARINSVZ NSsd-v 5
PR bt £ 973 TSWVAE iF 34 3 bnT > Qg 5% 2p3 NSshs 3 BT IEF 82
R AT Fitd o o8 i -2 WSMoV NSsi-v H Hhinfi £ g v » B L@ 2 § 4 h
tospovirusest ikl & L o * St HgipITospovirus 2 #75 Ji4 o a2 = 23k {4 tospovirusesp ¥ 7 1
B G P Do P BT S P (SAT T NSshv @ ia s b 4R S EF B hpEeng 1o £ o

1~ < geggsd
1. Tospovirusesz. 4 3 22 34
Bunyaviridaevfii:)}%%, % ;gg; Sk de g B o H TN LT B A u L

Orthobunyavirus ~ Hantavirus ~ Nairovirus ~ Phlebovirus:+ 2 Tospovirus (Fauquet et al., 2005) >
@ Tospovirus 5 3744 ¢ vii— ¥ R fedr 2 - o FALES A A AR B FAF
FlAz 88241900 % 88 + &£ 2 fF+ #£ {4 (Prins and Goldbach, 1998) » » # i 2 #4 ~ I #
FEEFETH L 2B T LEA S HHEF UL LT T EY £ (lipoprotein
envelope) z I A|%E4 > 2 455 £80-110nmz. fF - ’ﬁt-‘]}%% SR F 2 0 AR H AL FIHRNA
A3 HAASFE A Aubk - 5LRNA-MRNAZ SRNA » = if A FIRIRNAZ & 23 B
PG IAE AR el X4 w2 NP?T‘ % & R, - Bk (pseudo-circular structure)
(Fauquet et al., 2005) -

\

& A hZ B A FIHRNAT 4 Bl F 2 a0 AP oL RNAG [ &2
(negative polarity) » £ F — 1 ~ #:¥% # (open reading frame, ORF) » ¥ 2 £ - B+ &
5 0 5 i+ 2 4F WET (de Haanetal, 1991) - MRNA & F4& {2 (ambisense) % v > &3
B BEEER RS URNAHEA 2 - BAASHMENSMEY > S opd Bt o B
ARNAGE o 2 e B B 7 &t pd B R ehfid 2 Bk A mee )3 8 R B HE
(Kormelink et al., 1994; Lewandowski and Adkins, 2005 ); @ :)]%% IAR AL - BRI D
TR SR A2 GnE Geded o hop A b R A2 Rde (spikes) i 0 T Gn
frGed-s $20 4 v o) 5 WP AF 2 BT I (Kikkertetal, 2001) - SRNA
TRREEE VRHEBALAERY o - 54 A ARNAHR A 2 2 LR HEENSs R0 o
F AR O e h) S R A 4 (Kormelink et al., 1991) » # # i Bl & i 4 ShRop 1



(pathogenicity) 3 B > & Ji & 3% 45 % & F]iw & T % (gene silencing) 2 #r ] ¥] +
(suppressor) (Takeda et al., 2002; Bucher et al., 2003) ;¥ - BRld 3 ARRNA*THE A 2 o
NP> % $2fe 5% & 1239 (de Haanetal, 1990) > H & 75 2 B 7|3 45% M % % tospoviruses~ %
2. % & ¥ (Goldbach and Kuo, 1996) -

Tospovirusesz. s & 4 #f & &

RHNPew F5 2 B 735 % 0 R4 © 8 4 2 17ftospoviruses™ 4 #f = = # 1 &
L E o AN ITSWVE G#E - ¢ 8§ w;i%é{}%f}ﬁﬁi (Tomato spotted wilt virus -
TSWV) ~ =4 #srp 4 (Groundnut ringspot virus > GRSV) ~ § dv5 it saghjs 4 (Tomato
chlorotic spot virus : TCSV) =& opp 4+ (Chrysanthemum stem necrosis virus -
CSNV) ~fedka ARVR ),%% (Zucchini lethal chlorosis virus » ZLCV) ; WSMoV i 5% >

¢ 7o NAAm 1135% (Watermelon silver mottle virus » WSMoV) ~ <4 T8 7 3@ ),%% (Peanut
bud necrosis virus * PBNV) ~ \TR G iﬁz'):.-}?i—* (Watermelon bud necrosis virus » WBNV) »

% thw f~m=+  (Capsicum chlorosis virus - CaCV) ~ 424 j& = § it w24 (Calla lily
chlorotic spot virus » CCSV) ~ fv& A & ﬁir}?a:?; (Melon yellow spot virus * MYSV) ~ % 3t £
& #igf & sof sk 4 (Tomato zonate spot virus » TZSV) (Dong et al., 2008) 5 IYSV s i3
¥oe 3 k=5 spa (Iris yellow spot virus  IYSV) v § 303 #o-+  (Tomato yellow ring
virus » TYRV) ; w2 2 i -3 sa #hps & (Impatiens necrotic spot virus » INSV) ~ =4 § zx
i+ (Peanut yellow spot virus » PYSV) ~ fr-4 it S sap54 (Peanut chlorotic fan-spot
virus » PCFV) % = B jib > e JF Ao o /ﬁ‘i']m}?&% » HNP# H ¢ }?34;- dEE®Pa /}3
g R Y RO %zi:}liw SNPRIT 3 5 F ot - 2 AR AP 23
tospoviruses4 #g 2. 1 & iz 45 (Lin et al., 2005) -

B P tospovirusesZ . 87 F %

Tospoviruses t-# 4§ *H &7 FE XA R A 147 5 o 37 & Ko 30 Fo FARPGFE W12
e > 2P BB PR E A EFNLRRFL E L R AR ONPIRM > 2T R
BEREF LT AR S ke A5 LG4 (Zucchini yellow mosaic virus -
ZYMV) §*48 @ ANPBE L 2 3 %> Z WP tospov1ruses1z?mfﬁé;?§x 5 2 NPk i &=
F2 R MNPRGFLRAE G o & VEFFE- 22 4 febfan > 4t it h i
B R E BN A $77% (enzyme-linked immunosorbent assay » ELISA) £ & = i& /% /2 (western
blotting) # x 7 & F T * » NP2 diw 5 ° B & i@ * *Ttospovirusesz i 7 ¥782 4 ip| -
el BRI A ’F pi}’%-q-NP#El 52 R g 10 ’F T2 F R & U NPn ﬁ‘ﬁ{]ﬁi%fﬁéﬁ% 3=
R e s 45 (bioassay) % B - fal T REGR 0 A RmILRE S P A
WEARPL 5 4L PF o ZLP) 3T H pk3A8 (monoclonal antibody) # #& e ¥ 22 i85 (Hsuetal,
1984) > 4 & § & — (L NPEH thitll » 700 &4 8 - 53 8 (species) & {7 -id 2 § 2 e

.;_



P uT > 2 ¢ Ftospoviruses A AR o G F M TR L ARP Y o

NPz fus i 22 H prfudise R & - 13 > & R LN Upd B2 R 5 $o Fagse
m}]%:% A0 2 & B i eniAl g ps 3t tospoviruseste A L T2 BT o EH LKL R
B UZYMVp 4 48 % £ £ RWSMoVerNSs v » 3 457 R 2 3 b g » 0 A etk v
BB H B A2 NSsFv > B F Fd 2 H k44 (Chenetal., 2006) &1 £ 414 » WSMoV
NSsj-v 8 prindlif o 7 @R[ FIWSMoVa 32 96 = > { 7 #IYSV iF# 2 [YSVer
TYRVH % ch F 8 F ko 5 - 10§ F o e Bgp1 & o

~ = i‘ = /é
pE 2 RA
TSWV ~ INSV » TCSV ~ GRSV » WSMoV ~ MYSV ~ IYSV % PCFV 12 4 4548 > 4 %

7% H s % i 2 % (Chenopodium quinoa Willd) £ % st {+ % 3 # ¥ (Nicotiana
benthamiana Domin.) + » 4 E 3 E R E3E 3¢ (25-28°C)» W iEF k2 * o

TSWVArINSVeNSs#& 3¢ 4 (open reading frames, ORFs) 2 3 1§27 :E 7%

PR ATSWVZ INSVZ 75 ¥ e # RNAR S i » A WK 5 - a3 g
NSs ORF:t {7 & # 4% & frid 4 ¥ J& (reverse transcription-polymerase chain reaction °
RT-PCR) > 3g#F A B3 158t 2 & & ©1.4 kb2 DNA Y £ o 447 | ZYMV{ %8 2 pET§ 48 %
S0 513 $ e Bk 3 4oTable 129771 o 8 kg £ #7717 2 > £ & NSs ORFs> 14 TA cloning vector
pCR2.1-TOPO (Invitrogen, Carlsbad, CA) #t & I & 7 2% = ‘w2 E. coli DH5a - % kanamycin
B X-Gal/IPTGE v & (s » BrardriE 2 i m & g /aJJl > Wi 8 B #DNA - DNA
B 712 ABI377-19 automatic DNA sequencing system (Perkin-Elmer Applied Biosystems,
Foster City, CA) #_& s > 5 GCG BESTFIT program (Wisconsin Package version 9.0, Genetics
Computer Group,Madison, WI) ‘* ¥trrzts % L &7 T - HF 5% °

Table 1. Primers were designed for amplification of the individual NSs open reading frames
(ORFs) of Tomato spotted wilt virus (TSWV) and Impatiens necrotic spot virus (INSV) for
constructing in the Zucchini yellow mosaic virus (ZYMV) vector

Virus  Primer name Primer sequence Restriction site (underlined)
TSWV  TNSs-pSph  5’-GGCATGCATGTCTTCAAGTGTTTATGAGTCG-3’ Sphl
TNSs-tKpn  5’-GGGTACCTTTTGATCCTGAAGCATGTGTTTC-3’ Kpnl
INSV  INSs-pSph  5’-GGCATGCATGTATGAAACAATTATCAAATCG-3’ Sphl
INSs-tKpn ~ 5’-GGGTACCATTTAAATCTAATTTAGAAATAGC-3’ Kpnl




Table 2. Primers were designed for amplification of the individual NSs ORFs of TSWV and
INSV for constructing in the pET-28b(+) vector

Virus Primer name Primer sequence Restriction site (underlined)
TSWV  TNSs47Nco 5’-GCCATGGCTTCAAGTGTTTATGAG-3’ Ncol
TNSs1447c¢Xho 5’-GCTCGAGTTTTGATCCTGAAGCATGTGT-3’ Xhol
INSV INSs63Nde 5’-GCATATGTCTAGTGCAATGTATGAA-3’ Ndel
INSs1409c¢Xho 5°-GCTCGAGATTTAAATCTAATTTAGAAAT-3’ Xhol

3. NSsORFsz 3 % kb cnd MM
(1) %ZYMV 4 482 1
#7i% 78 2. NSs ORFs 4 %] & SphlfeKpnl* 24| fF 4 *7 {8 » 1211.2% agarose gel 7 i i& -

WA it o ZYMV{UAE (p3SSZYMV-GFPhis) 7 ke 5 2 SphI{eKpnl* 2475 % = # o
GFP# 7] » 1 3%0.8% agarose gel® ix & #id i 2 o #-9 *» {4 59NSs ORFs ¥ fL &2 ZYMV
1“4 12 T4 DNA ligase (Epicentre, Madison, WI) **16°C4k & {5 - # 7 » E. coli DH5a%% iz
‘wre b £ ampicilliné iE 2. o frampicilling % 1 * PCRJLT & W] 10 & — 451 5 $f
TNSs-pSph/TNSs-rKpn % INSs-pSph/INSs-rKpn *z + 3} #7 $f # 2. TSWV £ INSV 2. NSs
ORFs » 113g 78 J1#7 & chclones ©

(2) **pET-28b(+)sm i I 4 2 15 5

TSWV NSs ORF 5 Ncol 7=Xhol*2 4| f# §* *» 2 INSV NSs ORF 5 Ndelf-Xhol*2 +] & ¥
716 0 111.2% agarose gel & A i~ A g it o pET-28b(+) 48 7 e p* 4 %] 12 Ncol e
XhoI 2t Ndelf-Xhol* T+ fx T+ » i 3+1.0% agarose gel T i & Hrih iv 2 o 3T *» {4 NSs
ORFs & F &2 pET- 28b(+)§\ 8 121 T4 DNA ligase*t 16°C4F & {6 » # 78 » E. coli strain Rosetta
(DE3) (Novagen) 25 ix fn®# b » g 12 kanamycin & i 2.  f7kanamycin % 1 * colony
PCRF > & w11 & — 1513 ¥ TNSs47Nco/TNSs1447cXho % INSs63Nde/INSs1409¢Xho
Ao ’f’ﬁ#ﬁiTSWV—Eﬁ INSVz_NSs ORFs » 11 3i% 78 #1 & ¢iclones ©

4. ZYMV‘,é‘...%_E_'.:),%-f*r ZR R4 AITENSsHT £ R WP

78 (832 7 TSWVEINSV NSs ORF«ZYMV £ ‘eclones I dk rdZ = 54 % it H E 4
DNAfts » 7% f#** TE buffer (10 mM Tris-HC1 ~ 1 mM EDTA » pH 8.0) ¢ » Mgl
WHmF L2 HRER O ERRENRESE R (25-280C) mprd %:E‘-‘Iﬁ'ﬁ‘ﬂi o HH paAl A s
Hoah i gt s A0 > R A EmF i s L ABE L b2 g4 - epf



7.

F P_%‘« M ZYMV CP#s i % histidine H A48 i€ {7 western blottmg Wiplz» NEMZYMVE
32 5 NSs}}‘»W i%\IFLFL’D et B R AZYMVE @3 B 42 i B

E S SWV'frINSVNSsORFs"Ma ﬁEEEQZYMVjé‘_.E}E?%x B% -

ZYMV % UNSsF-v 2_ % it

g5 LW b’“r’:é‘ %2 7 28 FZYMV A RNSsd-v 2. % v (Chen et al., 2006) - jz f 2 &
}]%#q.ﬁéZYMV k }}%4 A o A 2 B G R Af chbuffer A [S0 mM Tris-HCI (pHS8.0) ~ 15
mM MgCl, ~ 10 mM KCI ~ 20% glycerol ~ 0.05% 2-mercaptoethanol (2-Me) ~ 2 0.1 mM
phenylmethylsulphonyl fluoride (PMSF)] # = > 123000 rpm i & 3o 104 4518 (5% # B ip 2
T%H PR 0} ER 11 1% Triton X-100%04 °C kd2304 4816 1230000 rpmAz % 1% 4w 304 48
TR PR o F ,?ZYMV}]%J& ;‘%ﬁ“Tz\ ReANSs F-v 2. C#4 7 7 histidine tag » 1 * 1 mleh
Ni*"-NTA = Lo A, 2 buffer B [S0 mM Tris-HCI (pH 8.2) ~ 15 mM MgCl, ~ 20% glycerol ~
0.05% 2-Me ~ % 0.1 mM PMSF] * ff7ts4e » mvif &R » 4 CREDV ] P E» g0 4
HAapRmTodg RG22 mdR - FH T gris » 1 & 2 buffer Biejig > I 122 mlen 3 250
mM imidazolez buffer B it d) ¢ & &30 4Pq F 2 NSs-v o #r5 v d gz » &2
SDS-PAGE #-v 7 /& % 4| * histidine tag¥ kx #L48 12 western blotting & 17 #73 v 2_ kv Jk
B o Nit- NTAR Ao g 44 Y 2 NSs - Fl{g 4 2 T‘%’ i % 7 histidine-richsh3-v @ §2 585
B > % SDS-PAGET i it — 5 A 3tis » 11 18 2. 0.25% KCLa i AUE 5 2 T g A + £ 4
o2 F=v sk d o E 12 Bio-Rad Model 422 Electro-Eluterc & 2. » 2 i Ff @l & 2. # o

& NSsFov 2 3 1t

25 ml LB#; & £ 4¢ » 50 ppm kanamycin ~ 34 ppm chloramphenicaol ~ £ i 78 31| etk >
237 C A & f03= T 5 £ overnighte £ * 300 ml LB % A 4c » 4p F #22 £ 222 mleff o 53
% Rosettaf#i > **37C# %4/ FFis > 4v » | mM IPTGH 32 4] PF o [Fi% 118000 rpmt
104 48 0 g IR o RS R~ 20°C Ak 484 i 1] PR ES 4~ lysozymede TR 0 £ Y
RAMART BRI R (S binding buffer [S00 mM NaCl ~ 20 mM Tris-HCI (pH 7.9)]
8000 ~ 10000 ~ 8000 rpm % 104 48 & Z &g~ » F|#-F 5% » & {& * denature buffer [S00 mM
NaCl ~ 20 mM Tris-HC1 (pH 7.9) ~ 6 M Urea] i% ji#inchik 47 » 5] 5 pET-28b(+)§* #8 #7 4 JLFINSs
-9 2. Cx§ 7 7 histidine tag > 4om it ZYMV % JRNSs F-v 2 & it > Ji| # Ni2+-NTA,5”£ufr'fi'§ .
A4 1 ¥ YT BENSs }r" » T U SDS-PAGE R A& - # & 3Ets > M8 2.0.25% KCI‘}% R SR T
B EIEH s+ o) 20 B9 wdkd 0 £ 12 Bio-Rad Model 422 Electro-Eluteriz & 2_

A 1 & = g # Altospoviruses2. NSs3-v } eng % F (494 Pk4é

&R A7 0> TSWV ~ GRSVEINSVZ NSsd-v 1% 983|120 B =il fk £ 5 & %9



10.

M B 7] TISVCSNTVNTNGVKHQGHLKVLS | » é % % TNSscon ° 4 1 & = TNSscon®
PR v UL R b i

3ok Ei L lG
7~0.1-0.5 mg2_ ' it {8 i INSsF-v 250 ugz. TNSscon# Freund’s complete adjuvant;2 &
UL is o AR TS NI e d O h R B N 8 BN > —

{8 £ £ e i F-d 2 & Freund’s incomplete adjuvant;i &42_ » i@t /3 84 = ¥ {8 B 4o p
g 3 B g sl k8] E:'};‘-»V‘K%Fﬂ_ ’gu‘*ﬂ]"*ﬁfi‘%ﬂ-"zk°5}'§F.ﬂ.19ﬂ§—n./xi’y\37c%; I’J‘Bg’i
f B A CH R 304 48 0 14000 rpmagsSA 4 0 T Pk It o

Indirect ELISA

R 4 :}}%i 2 Fﬁ}ﬁﬁi,ﬂ_%‘« » v » coating buffer (15 mM Na,CO; ~ 34 mM NaHCO; ~ 3
mM NaN;) F50% & Barz » ¥R B AT E Y B8R 8RR NPk R &ﬁ%ﬁpﬁ* °
Sv ~ 200 plF= Brofe 3% 22963V ELISA# » » 2037 C# & J; &304 48 o | H-963L 4 ¢ crpT rofe
%% » & — 3v X 2 PBST buffer (136 mM NaCl ~ 1 mM KH,PO, ~ 8 mM Na,HPO, - 12 H,O ~ 2
mM KCI ~ 3 mM NaNj ~ 0.05% Tween 20) #* % » # B30 41 F)H > £ % LL%}E‘TE_ = o H-
g+ 8 ¥ R ehfn i & enzyme-conjugate buffer (2% PVP-40 ~ 0.2% ovalbumini% ** 1x PBST)
21000 ~ 2000 ~ 3000 ~ 4000 ~ 5000 ~ 6000mﬁir1r$ BHcLA R E o B AL ﬁrﬁ,lz 200 pl
be3E - 3R s H3TCHE F B304 4o sl 4R o 1 PBST buffer i i 2 -
A W] B FL B iR 4 20 goat anti-rabbit IgG £ goat anti-mouse IgG fa 5 = =t Fufg o 1Y
enzyme-conjugate bufferfff#5000 % {5 » ~200 pl4e 3 &+ - 34 X p > 3237CH E F B304 48 -
- e > 2 PBST buffer £ & i & % 2 o 12 P-nitrophenyl phoshate disodium
hexahydrate (p-NPP) & % ¢ Z B - r4substrate buffer (9.7% Diethanolamine ~ 3 mM NaN3)
% 27321 (Img/ml)> B 180 iR &4 » 5 — IV R » W R ETRFR S F o B4R 4
{8 » IWELISA &k 1 R4 & 405 nm2_ sx fT & > = FE10~154 45R)3f — > @ Rl 1) PF -

Western blotting

B A A 2 fea & 0 4e o protein sample buffer [SO mM Tris-HCI (pH 6.8) ~ 2%
sodium dodecyl sulfate (SDS) ~ 12% glycerol ~ 0.1% bromophenol blue ~ 2% 2-Me) ¥ &4
£12% SDS-PAGE 4 #t1é # ;3 >t nitrocellulose (NC) membrane t > 12 TSW buffer (10 mM
Tris ~ 154 mM NaCl ~ 4% Gelatin ~ 0.1% Triton X-100 ~ 2% SDS) #* % » 334 4618 B4 > £
Bsv A= = o % P ENSsehia G L TSW bufferffff » w5 - o0 F 504 48> £ 1 TSW
bufferi* % o * pifk fF il % 2. goat anti-rabbit IgG ¢ goat anti-mouse IgG i s # + &4 & Bl = =
i TSWHRE5000% 18 > & 5504 48> £ 12 TSW bufferi€ & - *NBT/BCIPf 5 & & A F -
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Fig. 1. Purification of TSWV NSs protein expressed by the ZYMYV vector system. A, Elution
fractions of the ZYMV-expressed TSWV NSs protein were observed by SDS-PAGE. B, The
purified NSs protein of TSWV was detected using the monoclonal antibody against the histidine tag
(MADb-His) in western blotting. The ZYMV-expressed NSs protein is indicated by arrowheads.

A INSV NSs elution
kDa

e 4 5 6 7 8 0 W

55 — ‘ -'..-~~""ﬂ<—NSS
- e -~

Bl B e e a . «—NSs

g ' Y rYery >

Fig. 2. Purification of INSV NSs protein expressed by the pET-28b(+) vector. A, Elution
fractions of the expressed INSV NSs protein were observed by SDS-PAGE. B, The purified INSV

NSs protein was detected using MAb-His in western blotting. The expressed NSs protein of INSV
is indicated by arrowheads.
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Fig. 3. Serological responses of the produced rabbit antiserum against the NSs protein of INSV
(denoted RAs-INSV NSs) reacted with INSV, GRSV, TCSV and TSWV in indirect ELISA.
RASs-INSV NSs was used in 1000-, 2000-, 3000-, 4000-, 5000- or 6000-fold dilution for virus
detection.  Virus-infected or healthy (H) tissues of Nicotiana benthamiana were used to react with
RAs-INSV NSs.
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Fig. 4. Serological responses of RAs-INSV NSs reacted with different tospoviruses in western
blotting. A, Leaves of Nicotiana benthamiana infected with INSV, TSWV, TCSV, GRSV, WSMoV,
MYSV, IYSV and PCFV were used to react with RAs-INSV NSs. Healthy samples (H) of N.
benthamiana were used as the negative control. B, The antiserum against the NP of TSWV
(RAs-TSWYV NP) was used to clarify TSWV-related tospoviruses. The NSs protein and NP are
indicated by arrowheads.
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Fig. 5. Serological responses of mouse antiserum against TNSscon (MAs-TNSscon) reacted with
TSWYV and GRSV in indirect ELISA. MASs-TNSscon was used in 100- or 1000-fold dilution for
virus detection. Virus-infected or healthy (H) tissues of N. benthamiana were used to react with
MASs-TNSscon.

WSMoV
MYSV
IYSV
PCFV

S > >
=8 23
F - @ =

NSs

MAsTNSscon

Fig. 6. Serological responses of MAs-TNSscon reacted with different tospoviruses in western
blotting. A, Leaves of N. benthamiana infected with INSV, TSWV, TCSV, GRSV, WSMoV, MYSV,
IYSV and PCFV were used to react with MAs-TNSscon. Healthy samples (H) of N. benthamiana

were used as the negative control. The NSs protein is indicated by arrowheads.



