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R Mk 32 BL9% 3 (chilli veinal mottle virus; ChiVMV) #n %4 3 Ik 32 B 7% 3 (pepper veinal mottle virus;

PVMV) #7236 £ & WU AE 4 84 Potyvirus 9% 3 » ELJE potyviruses ¥ » —F o4 E GRS » BILA 5
58 LA de T AR M - BP AR A ALE R R G R e § Ll &R R o b =% & o WL ChiVMYV 2 PVMV
O EGERMRI SRR AWM EFANBZRIFEFREEZZRK - B3 FHFEREEZZX » ARER
Ft & — M5 F AT R ISR T 5Bk 85 K& (reverse transcription-polymerase chain reaction; RT-PCR) » #] Al
AN TERNRR > TAE S =m & o RM§F—Hdih i A1F A ChiVMV 2 PVMV 2 #%& & N i £
R KEMK » A ChiVMV Z #%& & N 3% 39 M8k KR (4.3 kDa) » #4846 % 8% G (282 kDa) * 2 LR & &
EEMRSTER EIERNE © FA pET-28b (+) & R BLIMAE » 4> Escherichia coli Rosetta & % — 32.5 kDa <
HMERRAESG - RERAMESEE » A LBREITE & LR ESH » X % TR #4T enzyme-linked
immunosorbent assay (ELISA) 278 7 7 42 i% » 35 T JEAEAR & & % ChiVMV X A #F » d R 2 PVMV & 4 0942
3o aicRe i BEHLAR KOG o R AR BAR R AR FRMZ i h T TEERSKRAZST S
ChiVMV g - e i R ointl - AR R RE G R M~ % ik - T RALBEAM S HRRP T
Heik B #4243 F] ChiVMV & — ik % Tit e i -

RAREE | BUIRENRSEEN S - REES - ZThie

B ol Ry — A HC A - oo A {0 L 5R A o B 3
ooy By TREREAE, O TEGRE,  BHIRHENR
By SEDSMHER R T ey -
L.) BIiift (Solanaceae) 1 (Capsicum) eI e 2 4 s 37 (https://agrstat.coa.gov.tw/
R FEMSFLEY) » ERI) R (sweet sdweb/public/inquiry/InquireAdvance.aspx) SC&E
pepper) FIBRML (chili pepper) » JREETFIRM 2 2020 2 B MR B2 AE LY 5 2,580 ha » &
EURBEAI T MY EPEEF 17 - BHESER 832 30,072 Mg FEEBREEEEHAE
B S > BB BURIEAN 1960 £ 21 NHIFEBERK - 250 B - REK -
RS ERE - EREENTBIONE - Tk SN aEhEReT S BEEELE -
AL ~ BB R # % - B AT 2R ERUEYIHEE G EABE A E L (Green
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& Kim 1991; Agranovsky 1993) » & &34
HY 97 3 B HE ¢ BOUEE AR BE B B (chilli veinal
mottle virus; ChiVMV) ~ )\ #4075 5 (cucumber
mosaic virus; CMV) ~ % #l & BF Ji§ 35 (pepper
chlorotic spot virus; PCSV) ~ Z ST EL s 55
(pepper mild mottle virus; PMMoV) ~ ZFHHIBEEL
Ji 3 (pepper mottle virus; PepMoV) ~ FHEEHR
PEELXJ% 5 (pepper veinal mottle virus; PVMV) ~
FE#5E% 5 X (potato virus X; PVX) ~ FE§55
5 Y (potato virus Y; PVY) ~ fE FLff & ik 41
f" & (tobacco mild green mosaic virus; TMG-
MV) ~ FhiiBFEiZE H% 5 (tomato spotted wilt
virus; TSWV) ~ Fji s (LI EEZREDR % (tomato
yellow leaf curl Thailand virus; TYLCTHV) &
PHINSR K5 (watermelon silver mottle virus;
WSMoV) (Li & Chang 2005; Tsai et al. 2005; Jan
et al. 2007; Cheng et al. 2009a, 2009b; Huang
et al. 2010; Shih et al. 2010; Zheng et al. 2010;
Cheng et al. 2011; Cheng et al. 2013) - [& T
PVX « PMMoV FI TMGMYV 1 4% M (845 fie
AR > HEpRE & H ) B SEE
Hf CMV ~ ChiVMV -~ PepMoV ~PVY K PVMV
4% Fhyif £ [EHE » WSMoV ~ PCSV FI TSWV H
BISMERE » TYLCTHV H &S S0t db R F{E% -

ChiVMV -~ PepMoV ~ PVY K PVMYV [E]J&
W Potyvirus 58 » 1B £ 0 28 P 45
TEERE - WERAENREER PR ~ R4 - TEAR
FALEIEE B S - SN R EP B R R
LER R BREZ BN - 5 4 R HEZH
HREEAR—WIMEZHEM - 2L ChivVMV
Bl PVMV i R %E » DL4i{bwi s B A i
B A& Y I 2 I EE (Moury et al. 2005) ©
ChiVMV B PVMV & 2876 5 [ Y (f1 7 2 4H 3
Mo H2HENFITHREE>AHEARKR
7 5 > ChiVMV 25 T & & R 7> 2R AG RHE
) (Shah et al. 2008) ; PVMV HI| 2 F &1 B #&
Fy[EZ o ARG, 14 B 47 FEAEY) - ChiVMV
BT 1947 AP B2k P e 3 (Ong et al.
1980) » FZE /AR MATFEL ~ B ~ HIJE »
HA - 5glE] ~ Bokphan ~ EEHTE ~ JEEE -
R - 58 - BEAIHE - REIEMNAYE
FJELE ~ RUFEIMN Y AT Bn 3 5% 9 an AR Y 22
KA E5H ChiVMV (Gao et al. 2016; Tiberi-

rere
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ni et al. 2017) - PVMV HI[HA 1971 A3 57 A i
44 (Brunt & Kenten 1971) » T &R AIEN &
BN RN B R B 5 S FL4C 8% (Cheng et
al. 2009b; Matsumoto et al. 2016) °

ChiVM E PVMV 2 EL R #8 7 1% i 4 5
FEARTY 70% » HEEEE AV & 8 A R A A H
FEET 72% b & {ER R R 2 EQEY) £
REPNRPIEN PIEH - HEHO NI -
ChiVMV 81 PVMV (¥ E HH 70% 724 1k
EGAEEE - HEE A N i (ChiVMV A 50 {§E
f Bl - PYMV A 31 (AR ) - PRI a5 1%
WAHE DAG 4 > %-FERMHE S E AR N
U DAAMER IS B Rl AE E RS 7 88% o AT
fg G A L R O R B E R T A
fiE ;A& 4 ChiVMV Bl PVMV 1 » AHF5E
HEFIH ChiVMV B PVMV R 8 N U 72 52
T 5 B ChiVMV 1Y B — M i % > B
ChiVMV B PVMV fy 3" JE#HEE[E (3-nontrans-
lated region; 3'-NTR) £ J& 7% %k (ChiVMV
%] 284 nt; PVMV 49376 nt) gt i ff =5+ -
S LAERE 57 bE 2 T e - B — A i i
MR E R E R ESPUREEA R

MR E

REHKIR  DRERIRE

2006 - FR 5 H /K B B EHRUE DU 33 B
fEik - ERMERIB R R ER HIR R SDEEL
LR - BMEER JTRDL 10 5 S 55 M % &R
B - EATRERE SR - /4052 (Chenopodium
amaranticolor) J 4% (Chenopodium quinoa)
PR RIS BN - fEER LT 3 ET
TrEE 0 Z RPN EIEEE R (Nicotiana benth-
amiana) E5E o Bb57#E 2 E o RERE T B AL E
B HERD LS ER AR R R B R A S A
AR » A DU EL R BEAH SR E 7Y 50% HOH
Y -20CRIART -
2 RNA ZHE ~ RIBIRRSIEEHER
fEEassE A E R BB E DT

HY 100 mg Ay SR EE - F| R 2 Ak

I4H (Total RNA Extraction Miniprep System,
Viogene, Sunnyvale, CA, USA) #E{TZEH - DA



43 ChivVMV Bil PVMV FAGHI )7 1 233

AALFTTS ~ RNA #E7T S8 8 5 & i 1 8 2
(reverse transcription-polymerase chain reac-
tion; RT-PCR) » RT-PCR [/ B8 — 5 E¥ RT-PCR
4 (SolGent Co., Daejeon, Korea) #E77 »
25 uL #Y S FER P fin A1 uL Y RNA ~ % 2.5
uL 2 20 pM i 6 £ 5] 7 Hrps [5-ATG(A/G)
T(A/T/C)GA(A/R)(A/T/C)C(A/T/C/G)TGG-
GG-3"/oligo d(T) « RT-PCR 7 # 7 > 2441 18
& JE % (GeneAmp model 2400, Perkin-Elmer
Co., Norwalk, CT, USA) 1 » 2% & K JERE £
Ky S0°CT #EAT S # §% 30 min > 94°CE M4 1.5
min ; 7 & #1730 {& PCR {EER S © 94C 1
1 min > SOCT A 1.5 min > 72°C T &
& 2 min > FE—(EERZ 2CEERIELE
5 6 min - ZEFEYILL 1.2% agarose (SeaKem,
Agarose, Cambrex Bio Science Rockland Inc.,
Rockland, ME, USA) #7743 #7  RT-PCR 1415
Ffif$ 2 1.3 kb DNA |5 Bz L) TOPO TA-PCR II
Cloning Kit (Invitrogen Co., Carlsbad, CA,
USA) METTEETE - 28 JA P Hh HUE B8 7 DAPR 1
B EcoRI B U g 8 8 A DNA K/N& > HR
HATEF 74T o EFr R IEZSEHED R
NE (BEEILT) BT - EF Z&HEREF
LA Vector NTI Suite (InforMax Inc., Frederick,
MD, USA) Mg #1747 > 1L GenBank
FEBR IR EEEF YT IR -

RT-PCR i Bl Bl I Ak BT B 8 S5 B 25 1
ERMR RS

ATt 4L PT S 2 S B IR 1T — D B
RT-PCR > 25 pL fYRZFER A 1 uL Y RNA »
%2.5uL 2 20 uM 5[F CPVMV-F (5-TATTC
(T/C)TCAGTGTGG(A/T/C)T(T/C)CCAC-
CAT-3"/CPVMV-R (5'-TC(A/T)C(T/C)(A/T/
G)(T/C)AA(A/G)CCATAA(A/C)(A/C)ATA(A/
G)T(T/C)T) » 8| F-fir A ChiVMV EL PVMV [fJ
3-NTR ° RT-PCR Z 1T A BVEER K FEE o
R K FEFE 7 By 50°C N #E1T R B $% 30 min »
94°C%: M 1 min 30 s ; {2317 30 {# PCR {12
FZJE : 94°C T & 1 min > 52°C T & 1 min
30s T2CHPEA I min g —EHERZ
T2CHEE K EMER Fs 6 min » L EEYLL 1.2%
agarose Bk » TITMIEBEY 2 5T & -

NMREAZKRIRREE

a1 ChiVMV 8 85 1 N Ui 39 il e A e
AE —M: 5] F CVMCP-F : 5-ACCATGGGAA
GCATGGAGAGAGTGACATT-3"/CVMCP-R :
AACTAGTCATCAACACTCTCTCCCGAC-3' >
PURGZ: ChiVMV 7 R 48 & RNA S st T
RT-PCR [Z JE » > 50°C T 8 & 30 min > 30 [
TEERIJE : 94C TN &M 1 min > S2C A 1
min 30 s > 2C TN EE 1 min > & —{HEER
Z NCEGRELERE 6 min - WEHED N
Uik R 2 117 bp > #1E DNA 2 5'I5H Ncol
PIfir » 3" A Spel UIL - K54 1E TS < DNA
BA Neol 1 Spel Y1) & » B3 H2 1 [E 15 4% Neol Hl
Spel V) 2 #7 4kt Y & H (green fluores-
cent protein; GFP) %t [N 2 pET28b (+) & #%
(Novagen Inc., Madison, WI, USA) - [t & #%
LA Spel B Xhol 1 GFP A& [K %58 2 pET28b
(+) #fS - BETHSERk 2 EHEG B AN Escherichia
coli strain Rosetta (DE3) - AL DL M9 B &
B (Laemmli 1970) % & » I A1 mgmL"' 2
isopropyl-B-D-thiogalactopyranoside (IPTG)
FEEEEN YEE NIRE GFP 2 E&ER)
ZERB o EIREL 7,700 g By 10 min 04
1% » DL pH 8.0 Tris-EDTA & {8 /8 /75 il ) I
Yo R 8 # 1T sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-
PAGE) ZE k47 M1 (Li et al. 1998) » i &89 J5
BEHEM T E Z His fig Bl s 8k 2 it
MEMEEGERZ R - £V ERHAEER
WHEORAZEREKRETRERHEOZE
o AT BRIt & (Chen et al.
2002) -

MINEZ Rl

DlaibryE e RBEEE BPUE > JLAE
BIRARvER B R BEES 1 R o HET S 4
wk o FEMIEIR (1 mg mL") B8 Y g4k
7] (Freund’s complete adjuvant) & & #A. k7%
BATE — TR » 2% 3 KATPAA 58 & {2 A
(Freund’s incomplete adjuvant) ##7TH 1L o 5
S5 FBAMETT ESRARER T - RIS MR 37C
TEFE 1 h 500 g @0y 10 min {53 & &K
H g » PRI -20CHHE A -
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PRITEREA

HU0.1 g Z R EEAH S - DURRE SR Z
A 200 pL 2 # 5 R BER (75 mM Tris-HCI,
10 mM KCI, 10 mM MgCl,, 1 mM EDTA, 30%
glycerol, 6% SDS, 9% p-mercaptoethanol,
0.015% bromophenol blue) » ff 1% > %< HU %
DL 8SCANEAEHE 5 min » 4€ SDS-PAGE k1% >
B b 2 S #LE R PVDF B (Millipore Co.,
Rockland, MA, USA) » Z & DUR LIS #E1T
B ME (Chen ef al. 2002) -

BERBERERE DN

st Es 519 Clark & Adams (1977) & 2 it
7 HL0.1 g Z R EEAASS > DL 3 mL 2 15 mM
i L 4% &7 (sodium carbonate buffer, pH 9.6)
B JEE 35 A1 4% 0 HL 200 pL fiil A B¥ 3R 500 o7 1T
RIEBRNAN > FEm2EEE > BN 4CKHE
16 h #E {7 7% f K2 & (coating reaction) ; 7R {%
LU 1x PBST % & /% (137 mM NaCl, 1.5 mM
KH,PO,, | mM Na,HPO,, 0.05% Tween 20, pH
7.4) A 3 X BARAIA 180 pL fEEHiae iz -
JRCEAE 37TCE R E 2 h 5 FLL 1x PBST 4
BB E 3 A& » FFLIIA 150 uL B8 1A ik i
RN (137 mM NaCl, 1.5 mM KH,PO,, | mM
Na,HPO,, 0.05% Tween 20, pH 7.4) ZI=EHi
% — WP #5 (goat anti-rabbit immunoglobin,
Jackson, West Grove, PA, USA) » B 37C2
TERFEHE 2 b ALl 1x PBST & {EK
A 3 WAk 0 FFLL 120 pL/FL Z EEBTAN AR E
Fs 1 mg mL™" 7 i 0 A 6 I 22 E (p-NPP,
Amresco, Solon Ind., Solon, OH, USA) #/T5
B E - [JE% 20-30 min > DL ELISA FE{HR&
(PTI max micro plate reader, Mlolecular Devic-
es, Sunnyvale, CA, USA) HHUN £ 405 nm |
R WE - RS R R SRR - i
VBB ARINERER 2 2 5% SR IERFE -

R
SOMEFTEYRIE
BRI F FR DA 10 £% 2 55 R 45 (& R B I
AT HE S > 74032 (C. amaranticolor) J
2% (C. quinoa) BEREEHIR EEOEN - £

=
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2PETIRESHE > 2R EENBEEEE
5 (N. benthamiana) % JE » 15 F{Z % 77 B
(ChiVMV-RA) - {0 Ry 5k B 5C 2 fE AR - HUR
TEAAALZERY 50% HIH PR ER -20C  #BITE
HIfRTF - ChiVMV-RA [E[ 2RI ("F24k 2, >
BRAE > GEEHET)  SHEAERER i
GUR T B ERE DB S—F R
BEIEYIHI PVMV i > PVMV ffd B24% 2 |
BHARUERE - il BE T BE L AV (VO A ([ 1) »

HEREREE - KEEFI DR
HEEERERAURSIREEER LR

FIAAER Potyvirus 2 fHE=5]+ Hrp5 1
Potl » DL##fE ChiVMV-RA B9 N. benthamiana
TER 485 RNA 1T RT-PCR » [ZJELE LU 1.2%
agarose EHGEE K 71T - bE1E 2 DNA | Bx £ 0.5
kb f11.5 kb ([& 2) - HHL 2 ¥4 1F DNA F B -
& TOPO TA EEJHEHBEIAZ - Frfs < BEFA Ik
KEFF1Z > 0.5 kb K/ DNA B i B JEE 7L
RS 2 B 1.5 kb R/NZ DNA &E 7 73 4
A 1,397 (A% EHEE - BEWE L8 NIb &
(248 nt) ~ B E HE A (861 nt) F13-NTR
(285 nt) o FI F 35 B B o A= W) RHECE B AL
(National Center for Biotechnology Informa-
tion; NCBI) 2 BLAST 2 ={ bk ¥} GenBank &
W2 Rl B E H A A B ChiVMYV isolate
P3215 (DQ854945) & HIT » A 98.8% HIFH[E
&/ 12 EZEBEAE  HELAREED
287 {E NG - B isolate P3215 LL#E - A 4 {#
W BEBE AR - Ho R B EE P HIMH IR Ky 98.4% -

& 7 ChiVMV » PVMV (1 85 & [ &
A 810 {Efx ik - B 270 (B R - H B
ChiVMV Y88 H AL R {E A 66.5% MY EH i
FHEIFEEL 75.6% AYREEBRAR U - Ehi — 35/
W EE M 5 (8 3) - BB R ETIEHEA N
U4 50 {él e B g - Hig 2 C Ui HY R A BE Fr 51
FHTE RS = > 88% » BL&E L ELLL ChiVMV 4L
R 0 R TR SIS A& 2 W E
M -

BB R KT L

777 RT-PCR Rl flr s > ZEHL ChiVMV
Bl PVMV J* 3-NTR £E = E L > ChiVMV 2
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ChivMV

PVMV

1. HMEEARBTER 3 (chilli veinal mottle virus; ChiVMV) ERALER L7 2 o (A) Ko FH RS RS EH A2 2
ChiVMV J&Z4 % # s (B) By ChiVMV B HIEERBEEL /55 (pepper veinal mottle virus; PVMV) BEFEEHHL (22

&rRE HV-237 » BN
Fig. 1.

VA o GE LT ) 2

Symptoms of pepper plants infected by chilli veinal mottle virus (ChiVMV). (A) ChiVM V-infected green

pepper plant showing mosaic and leaf deformation symptoms in the field; (B) symptoms of green pepper (HV-237,
Known You Seed Co., Kaohsiung, Taiwan) plants inoculated with ChiVMV or pepper veinal mottle virus (PVMV).
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2. FIFHEOF 55~ % HipS/Potl HE 77 K2 88 55 5
& W 73 $5 K2 JE (reverse transcription-polymerase chain
reaction; RT-PCR) » #4 (fig 35 £5 £ ik BT &5 9% 35 (chilli
veinal mottle virus; ChiVMV) %t [R §8 3’ 5K I Fg %1 -
Total RNA &fi{EE ChiVMV & > [B[EEfFEEL (Nicotiana
benthamiana) (1T 1) » 53 RIEE T 24 1.4 kb B 0.5
kb Z RT-PCR V) - 1T M Ry T EBARE

Fig. 2. Amplification of the 3'-end portion of chilli
veinal mottle virus (ChiVMV) genome by reverse tran-
scription-polymerase chain reaction (RT-PCR). Two
main DNA fragments of 1.4 kb and 0.5 kb were ampli-
fied from the total RNA extracted from ChiVM V-infect-

ed Nicotiana benthamiana using the degenerate primers
Hrp5/Potl (lane 1). Lane M: molecular size markers.

3-NTR 7 284 f% £ s » PVMV 2 3"NTR /&
376 1% H i - FRILEEHIFY 3"NTR Wik 5%
CPVMV-F/CPVMV-R » ChiVMV 7 8 i I 173
bp Y] > PVMV HIFEIHIE IR 258 bp V) > D
1.2% agarose B jk 73 A1 A] (i E 53 - & I DAK
Al o DABLS [ 00 FH BB R A > (R 53
T E A&7 2 F] ChivVMV 2 PVMV g2t ([
4) -

BEeREEHHEDY SSRIE

73 B A ChiVMV 2 85 & 3 N I 8
PVMV #H 21 39 [l B ik B 55— MR PR - 3
fili 39 @A 5y T2k 4.3 kDa > 5[ EAY &
R EAR R > RILLABSE E N i 4.3 kDa %
¥ GFP (28.2 kDa) » ik —4r T =47 32.5 kDa
HEGEND - BEESENE - GFP ERELLL
Spel Bl Xhol #EJH 2 pET28b (+) #HkfE - 55T %
J& ChiVMV Z 852 N I 39 {EREE RS+
¥} > DL RT-PCR H4%H - 4fi{Li%5E DNA R B iz »
LA Neol B Spel #E54 /> GFP 2 Hil - 55 58 ik
ZEHEEEAIEN E. coli strain Rosetta (DE3) » 4%
IPTG 5FHE BTN 2 B H'E K/NE) 32 kDa » Bl
TAMEMTT (B SA) » DAFE T EIE 4T 0 it
FRIEA BT E Y His pLllEREH MK IE
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1 ‘ 110

CP-ChiVMV (1) FGESDISPYLRALTEGAKEEGIDDEGGEVAHUSGESVDAGRVEGEDSSSKE A Dx (T TERR DR T GGUAQPHVRQSENEVPQY RORDVNYG TS TR T [PRLEGISSKLTIER
CP-PVMV (1) ==e=mmmemmmmmmmmomm oo ome oo HGERVDAGESSEEE - - - VTASKQPITSOP- -- - -~ -------- TEAKTVLDRDVNAGTQGTFT [PRLEGUSSKLTHEK
Patar-DQ854961 (1) FGXSDISLYERADTEGAR-Er{DDEGGEY HOSCGESVDACRVEGEDSS S ADKQATHRK - - AGR TROSENEVPYV RORDVNHGTSGTFT [ PRLEGISSKLTIEK
Q1-0Q854953 (1) HGESDISPYLRALIEGAKEEGLDDEGGEVAHOSGESIDAGRVEGEDSSSKP DK TERK SKiis GOAQPQSROSEMEVPQVRDRD VWG TSGTET IFRLEGISSKLTIPR
Skh-S0Q854959 (1) HGESDISPYLRALIEGAKEEGLDDEGGEY THOSGESVDAGRVEGEDSSSKP DK QA TERR SK¥SGOAQRQSROSENEVPQVRORDVNYGTSGTFT [PRLECGI SSKLTIER
DCV3-DQ854965 (1) HGESDISPYLRALTEGAKKEFIDDEGGEVAHOAGESYDAGRVEGEDSSSKPADKOA EQAQPSROSENEVPQVRORDVNWGTSGTFT [PRLEGI SSKLTIER
T97-DQ854952-1 (1) HGESDISPYLRALIEGAKEEGLDDEGGEVAHOSGESVDACRVEGEDSSSKP DK A ERR SKMGGQAQPH  ROSENEVPQVRDRDVNWGTSGTFT [PRLECGI SSKLTIER
P3485-DQ834947 (1) 1SPYLRAL IEGAKEEGLDDEGGEVAHS CESVDAGGVEGEDSSSKP A DK O TTERK SKMGGQAQPHVROSENEVPQVRDRDVNWGTSCTFT [PRLEGISSKLTIFR
P3525-DQ834948 (1) 1SPYLRAL EGAKERGLDDEGGEVAHQS GESVDAGRVEGEDSSSKP + DK O TTERE SKMGGQAQPHVROSENEVPQVRDRDVNWGTSGTFT [PRLEGISSKLTIPK
P3384-DQ854946 (1) HGESDISPYLRALIEGAKEERLDDEGGEVAHUSGESVDAGRVEGEDSSSKP A DK TTERRNKMD GOAQPHVROSEMEVPQVRDRDVNWGTSCTFT [PRLEGISSKLTIER
CVMV-ABH12120 (1) HGESDISPYLRALIEGAKEEGLDDEGGEVAHOSGESYDAGRVEGEDSSSKPADK (T TERKNKMGGOAQPHVROSENEVPQVRDRDVVYGTSGTFT [PRLEGISSKLTIFR
P3215-DQ854945 (1) HGESDISPYLRALIEGAKEEGIDDEGGEVAHSGESVDAGRVEGEDSSSKP A DK O TTERRNKMGGOAQPHVROSENEVPQVRDRDVNWGTSCTFT [PRLEGISSKLTIFK
P3389-DQ854944 (1) HGESDISPYLRALIEGAKEEGLDDEGGEVAHOSGESVDAGRVE SEDSSSKR DK QT TERRNKMGGOAQSHVRQSENEVPQVRDRDVNWGTSGTFT [PRLEGI SSKLTIER
P1037-D0854942 (1) HGESDISL ¥LRALIEGAKERGLDDEGGEVAHSGESVDAGRVEGEDSSSKP + DK O TTERRNKMGGOAQSHVROSEMEVPQVRDRDVNVGTSCTFT [PRLEGISSKLTIFK
Chinal-DQ854950 (1) HGESDISPYLRALIEGAKEEGIDDEGGEVAHOSGESYDACRVEGEDSSSKPADK (T TERENKMGGOAQSHVROSEMEVEQVRDRD VWG TS S TFT [ PRLEGISSKLTIFR
P3380-0Q854943 (1) HGESDISPYLRALIEGAKEEGLDDEGGEVAHOSGESVDACRVEGEDSSSKR A DK T TERRNKMGGOAQSHVROSENEVPQVRORDVNYGTSGTFT [PRLEGI SSELTIER
Consensus (1) HGESDISPYLRALIEGAXEEGLDDEGGEVAHQSGESVDAGRVEGEDSSSKPADK QT TERKNKMGGQAQPHVRQSEMEVPQVRDRDVNVGTSGTFTIPRLEGI SSKLTIFK

111 220

CP-ChiVMV  (111) [FROTRAVVNLERLLBYAPEQEHL SNTRALQSQFASWYEGVENDYDVEDEQUE T TLNGLMVWC TENGTSPNINGEVMIDGEQREYP IKPLIDEAKPSFRQIMAHFSNLAE
CP-PVV  (62) BSBOSVVNLEHLLNYKPRONHL SNTRALQSOFASKYNGVENDY DVDDEQHE T I NGLHVWCIENGTSENINGWVMIDGEERE VP IKPL IDEAKPSFROTMAHFSNLAE
Patar-DQ854961 (109) IRTRAVVNLEHLL[yAPEQIHL SNTRALQSQFASKYEGVENDYDVIDEQHG ! TLNGLYVVCIENGTSENINGEWVMMDGREQVE VP 1KPL IDEAKPSFRQIMAHFSNLAE
CM1-DQR54953  (111) TRTRAVVNLEHLI DYAPEQIHL SNTRALQSQFASWYEGVENDYDVIDEQUQT T NGLUVICIENGTSENINGYWVIMDGDEQVEYPIKPL IDHAKPSFRQIMAHFSNLAE
Skh-SD854959  (111) IRTRVVVNLEHLLDYAPEQIHL SNTRALQSQFASKYEGVKNDYDVIDEGHY I NLNGLUVICIENGTSENINGEWVMMDGDEQE VP IKPL I DEAKPSFRQIMAHFSNLAE
DCV3-DQ854965 (111) IRTRAVVNLEHLI DYAPEQIHI SNTRALQSQFASWYEGVENDYDVIDEQHT NI NG HVRCIENGTSENINGEWVMMDGDEQNEYP IKPLIDEAKPSFRQINTHFSNLAE
T97-DQ854952-1 (111) TKTRAVVNLEHL L DYAPEQIHL SNTRALQSQFASWYEGVKNDYDVIDEQHQT ILNGLHVVCIENGTSENINGYWVAMDGDEQNEYP IKPL IDEARPSFROIMEHFSNLAE
P3488-DQ854947 (111) IKTRAVVNLEHLLDYAPEOIHL SNTRALQSOFASKYEGVKNDYDVIDEQHG T I NGLUVICIENGTSENINGYWVAMDGREQVE P IKPL I DEAKPSFROIMAHFSNLAE
P3525-D0854948  (111) IKTRAVVNLEH 1 DYAPEOIHL SNTRALQSQFASKYEGVENDYDVIDEGHY T I NGLUVVCIENGTSENINGEWVAMDGDEQVE VP IKPL I DEAKPSFROTMAHFSNLAE
P3384-D0854946  (111) IKTRAVVNLEHLLDYAPEOMHL SNTRALQSQFASKYEGVENDYDVIDEQHY ILNGLUVVCIENGTSENINGEWVMDGREQVE VP 1 KPL I DEAKPPFRQIMAHFSNLAE
CVMV-ABH12120 (111) DRTRAVVNLEHL I DYAPEQTHL SNTRALQSQFASWYEGVENDYDVIDEQUY TILNGLHVCIENGTSENINGEWVMMDGDEQVEYP IKPL IDEAKFSFROIMAHFSNLAE
P3215-0Q854945  (111) IRIRAVVNLEHL L DY APBQIHL SNTRALOSQFASWYEGVKNDYDVIDEQHG T ILNG HVHCTENGTSENINGEWVANDGDEQNEYP TKPL IDHAKPSFROTMAHFSNLAE
P3389-DQ854944 (111) IKTRAVVNLEHL 1 DYAPEOIHL SNTRALQSQFASKYEGVENDYDVIDEQMQ I NGLUVICIENGTSENINGYWVAMNDGREQVE VP IKPL I DEARPSFRQIMAHFSNLAE
P1037-0Q854942 (111) TKTRAVVNLEFL L DYAPEQIHL SNTRALQSQFASWYEGVKNDYDV I DEQHQT ILNGLHVVCIENGTSENINGYWVAMDGDEONEYP IKPL IDEAKFSFROIMAHFSNLAE
Chinal-DQ854950 (111) ERTRAVVNLEHLLDYAPEQIHL SNTRALQSQFASWYEGVENDYDVIDEQHQ I NLNGL HVICIENGTSENINGEWVIMDGDEQNEYPIKPLIDEAKPSFROIMAHFSNLAE
P3380-0Q854943 (111 IKTRAVVNLEHL L DYAPEQIHL SNTRALQSQFASWYEGVKNDYDVIDEQHQT ILNGLHVVCIENGTSENINGYWVAMDGDEONEYP IKPL IDEAKFSFRQIMAHFSNLAE
Consensus  (111) IKTEAVVNLEHLLDYAPEQIHLSNTRALQSQFASKYEGVENDYDVIDEQHQT ILNGLHVICIENGTSPNINGYWVIDGDEQVEYPIKPLIDEAKPSFROIMAHFSNLAE

3. FEHERRBTE 3 (chilli veinal mottle virus; ChiVMYV) FIEHEENRBTE 73 (pepper veinal mottle virus;
PVMV) #3585 8 H B Bl 7 51 EL - CP-ChiVMYV Bl CP-PVMV B 2 i3 & & Sk - Herr s BERIEIZR
AR E R0 (National Center for Biotechnology Information; NCBI) & $%% » Fij By orBEik2fE - 18 5%
FPak - B9 A BRI B DUS TR~

Fig. 3. Comparison of deduced amino acid sequences of partial coat protein of chilli veinal mottle virus (ChiVMV)
and pepper veinal mottle virus (PVMV). The start amino acid of coat protein is indicated by an arrow.

e PVMV
= ChiVMV

&l 4. FIH5 5% CPVMV-F/CPVMV-R $f [ ER RSV B2 RS A E T SO S T S g S A (reverse
transcription-polymerase chain reaction; RT-PCR) » g HIfEL chilli veinal mottle virus (ChiVMV) 1 pepper veinal mottle
virus (PVMV) HEY LR ‘Zk%ffﬁﬁ%ﬂ\ T 15 0 Ry R EIHEBREERA © 17 + 1 J&G ChiVMYV Bl PVMV HfiH{
E RS 488 RNA {F R IE¥H H AFEIE 488 RNA {E &8 5 {7 M & marker -

Fig. 4. Detection of in sweet peppers by reverse transcription-polymerase chain reaction (RT-PCR) with the primer pair
CPVMV-F/CPVMV-R. Lanes 1-5: Sweet pepper samples collected from different fields; lane +: Mixed total RNA of Nico-

tiana benthamiana plants infected with ChiVMV and PVMYV as a positive control; lane H: Total RNA of mock-inoculated N.
benthamiana as a negative control; lane M: molecular size markers. The expected amplicons are indicated by arrows.
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il 5. DAKE AG B8 Uk BL 75 U7 0 0 o My B i 5 R ML B R B4 B30 5 (chilli veinal mottle virus; ChiVMV)
YR [ Bl 4% (0% % 5 1 (green fluorescent protein; GFP) 18 & 237 &5 (1 (Y A5 £ - (A) 4¥ isopropyl-p-D-
thiogalactopyranoside (IPTG) sA &1 KH 2 EH'H + (B) PAMEZ His FUlEETITITRALE I R (C) LUE
Baes H B ChiVMV 4Ly 55 700 B e AT B N BUIE I TVE 7B AWE T © 171+ &7F pET28 2 Escherichia
coli ¥1HBHR + 17 2-7 : sFEFRIEARIEA Y E. coli BN TTM 1 EAS TEIZE - RARHEAME
DIFFHR

Fig. 5. Analysis and screening of clones expressing fusion protein of the N-terminus of coat protein (CP) of chilli
veinal mottle virus (ChiVMV) and green fluorescent protein (GFP) by (A) sodium dodecyle sulfate-polyacryamide

gel electrophoreses (SDS-PAGE) and (B) western blotting using the antisera against His tag or (C) ChiVMV CP. Lane
1: A Escherichia coli clone containing empty pET28 (+) vector as a negative control; lanes 2—7: E. coli clones con-

taining recombinant vectors for expressing fusion protein; lane M: protein markers. The position of expected fusion

protein is indicated by arrows.
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Fig. 6. Detection of pepper veinal mottle virus (PVMV) and chilli veinal mottle virus (ChiVMV) in plants by

antisera against viral particles of ChiVMV (called AS-V) or expressed fusion protein (called AS-E) in (A) Western
blotting and (B) indirect enzyme-linked immunosorbent assay. PVM V-infected Solanum lycopersicum (T), Nicotiana

benthamiana (Nb), Capsicum annuum (P) and Chenopodium quinoa (Cq), and ChiVM V-infected N. benthamiana (Nb)

and C. annuum (P) were used for assay. Mock-inoculated

N. benthamiana (Nb) and C. annuum (P) were used as neg-

ative controls. M: protein markers. The expected coat protein (CP) position is indicated by arrows.
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Development of Nucleic Acid and Serological Methods
for Differentiation of Chilli Veinal Mottle Virus and
Pepper Veinal Mottle Virus

Ying-Huey Cheng"", Chin-Chih Chen', Jau-Yeuh Wang’, Chia-Dian Chiang’, and Chin-An Chang’

Abstract

Cheng, Y. H., C. C. Chen, J. Y. Wang, C. D. Chiang, and C. A. Chang. 2022. Development
of nucleic acid and serological methods for differentiation of chilli veinal mottle virus and
pepper veinal mottle virus. J. Taiwan Agric. Res. 71(3):231-241.

Pepper crops are commonly infected with two potyviruses, chilli veinal mottle virus (ChiVMV)
and pepper veinal mottle virus (PVMV) in Taiwan. ChiVMV and PVMV share the highest sequence
similarity of coat protein genes among potyviruses, preventing serological differentiation between the
two viruses. However, the nucleotide sequences between the N-terminal region of the coat protein and
the 3’ non-coding region (3-NTR) of two viruses are significantly different from each other. Based
on 3-NTR sequence divergence, ChiVMV and PVMYV can be molecularly differentiated by designed
primers in reverse transcriptase-polymerase chain reaction (RT-PCR). For serological detection, the
ChiVM V-specific antiserum was prepared using a fusion protein as an antigen. The antigen consisted
of the divergent and most proximal N-terminal 39 amino acids (4.3 kDa) of ChiVMV coat protein as
hapten and green fluorescent protein (28.2 kDa) as a carrier. Both heptan and carrier peptides were
constructed into bacterial expression vector pET-28b (+) to produce an expressed fusion protein of
32.5 kDa in Escherichia coli Rosetta. The fusion protein was then immunized rabbits at regular in-
tervals, and the harvested antiserum was used for enzyme-linked immunosorbent assay (ELISA) or
Western blotting to detect ChiVMV. The antiserum reacted positively and specifically to ChiVMYV, but
neither to PVMV nor non-inoculated plants. The ChiVAM-specific antiserum could specifically de-
tect ChiVMV from field-collected samples, even in the presence of PVMV. When compared with the
preparation of monoclonal antibodies, using the bacterial express fusion proteins containing ChiVMV
partial coat protein to prepare polyclonal antisera is quicker, easier, and more economic.

Key words: Chilli veinal mottle virus (ChiVMV), Expression protein, Polyclonal antibody.
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