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Identification and detection of Tomato spotted wilt virus and Pepper mild mottle
virus infecting peppers in Sichuan using small RNA sequencing HAN Shuai, ZHANG
He-qging, WU Jie,LI Hong-hao,XI Ya-dong”  (Institute of Plant Protection, Sichuan Academy of Agriculture Sciences,
Vegetable Germplasm Innovation and Variety Improvement Key Laboratory of Sichuan Province ,Chengdu 610066 ,China)
Abstract: Pepper virus disease showing severe and multiple symptoms broken out in Wenchuan county of
Sichuan province. Systemic mosaic, withered leaves and stem tip necrosis were observed in pepper and partial
necrosis in Petunia hybrida and Nicotiana tabacum cv. Samsun NN through the method of mechanical inocula-
tion.We found that Tomato spotted wilt virus and Pepper mild mottle virus were presented in all samples tested
by small RNA deep sequencing. The two viruses were detected in all peels and some seeds of the tested samples
and re-inoculation of the host followed by RT-PCR further verified that viral disease in this area was caused by
co-infection of these two viruses. Pepper-infecting TSWV was reported for the first time from Sichuan region.The
phylogenetic tree constructed based on TSWV N gene and PMMoV CP gene sequence respectively indicated that
TSWV-WC( MK468469) was more closely related to Guizhou isolate ( KP634518), whereas PMMoV-WC
(MK408614:) remained closest to Beijing isolate ( AY859497). We supposed that outbreak of pepper virus disease
in the region was related to seeds imported from other regions.
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FRAUE DU A BB TAEY) Bl A P
TR, 32 H (R4 B K S FIR ), 3% 7 Ak 155
SRS BN Y ()52 e, D1 R0 18 & A 7™
LA U VO 1 SRR M P e B

PEARIAE , - AEE N 68 FikaEREAR YL BRI,
Horp 2y 20 R 8 T 5 | ™ SR AR, 32 2L 45 I
AR EE B ( Tobamovirus) .\ 542 Y 55 )& ( Po-
tyvirus) 25 JNAE R B2 & ( Cucumovirus ) 35 Hn 5E
Z2IR 138 ( Orthotospovirus ) 55 RNA & 5 FISE 5. 4
B AL 22 8 ( Begomovirus ) DNA W28 {244
FE B R FE A 24 B, T2 BN AL % 5
( Cucumber mosaic virus, CMV ) Fl1 4l 5 48 i % 2
( Tobacco mosaic virus, TMV) 2% B 5% %& P 3
MU BE 5% 9% B ( Pepper mild mottle virus, PM-
MoV) | M FL 4% 2% f£ I % B ( Tobacco mild green
mosaic virus, TMGMV ) i # ik 3% [ 38 73 B &
72X E B REEE TR, Zheng S50 GF 5 M B3 7
DORAEIEAT LT AR, Yao 250 X 25 g b
18 PRBSUA: 77 B M R AR A T A3 A, 34 % I PM-
MoV B H ALK T CMV ; Peng %51 R4 10 &
BEALLIR FEE IO BRABUR AL , & 38 PMMoV ki H % i &
(100%) , H K 4 TMGMV ( 61.90% ), TMV Fl
CMV (6 H =AU 23.81% 1 30.95% , T i B2
J%#% ( Tomato spotted wilt virus, TSWV ) J& &)\l 4=
P R SR AR YR R, BEAR A A L B A
WO ER AT, A o E B
P29 B A - 7R TR E DU RN ) 7R % 30 H. 6 e 7Lk
FE R E ARG % AR AR 1
BAE = ERMT AR WA RESARE "

2017 4 9 F, XA B0 B 7R 4T BROBUR
PR, R IO B0 & AR R AR IR 2 A
A SCE /N RNA iR H RT-PCR J5 %R G
VU)1AY ZO R R 2R A T4 U a1 44
BRAU R0 10 25 5 B S S LAl

1 #MB5AE*®
1.1 REAEMFRERE

2017 4F 9 AAEPUI 48 SO 845 R AT B

TEHS. 0412-0914(2020)02-0147-08

1.2 RES BRI EZEM

R R 5 J5 A T ORI Fp A B A
PBS 2 L, 7873 IF I ZE IR 5 o A1 e b 2 ST e
BBL(FR IR ) SRR A L =R b
WG S F S R P AL EE 45 1) 7 XA N 4%
Folt, EERREERN I J i, AR PBS S ik S %) 1
e HRME RIS 25°C ~ 28 CRYBT IR E PR SR,

1.3 ERHMURR sRNA RENF 59

3 A REE AR ISR A 6 bt E s A
YR A IR\ 34T/ RNA I F 43 B, SR A
EASYspin 14 microRNA #2571 & $2 BOsf U
SRS RNA I g Fok B2 4l B e s vk fifi
small RNA Sample Pre Kit ¥ 3 3C% , {# F Qubit2.0
BEATH) A6 5 &, R Agilent 2100 X SCFE ) insert
size HEATHGIN, B S5 ffE 4] Q PCR J5 % SCE R A
RO BT R 8 £ . RS A A% 1Y/ RNA SCPE
#E4T Mumina HiSeq & i = M Jy, K45 ) raw
reads ZIL T AT U8 H2 Sk ad U8 K R BRITARITH , 3k
15 clean reads; | il Bowtie %4, %% clean reads 5
Silva GtRNAdb Rfam HI Repbase BU4f ¢ i 47 7% 471
LEXT, B 25 JC 7 91 3545 sRNA B AF B, 11
velvet B4 3E 17 4 2%, 3R 15 A &L contigs, 5 Gen-
Bank Virus RefSeq #% 2 #( ¥ J& 1 GenBank Virus
RefSeq & F1 AU 2 LU X, M@ g iE 2
1.4 wETHEW RT-PCR WIE

R T 25 B 0 D N R A v 1 LA
SRR R BRI O, RS SRNA TR BE DN 7 375 1Y
contigs W I I XTFE S GI W) (R 1), 73 519 1
TSWV 19 #% 52 {& & H % A ( nucleocapsid protein
gene, N) 1 PMMoV HJ4h7¢ 8 15 [ ( coat protein
gene,CP) , f#i &K 5 RNA $EHUR 7] & 2 B
OB SRRRZ (%5~ P1.P2 Fl P3) P (45N
S1.S2 Fi S3) Fl [n] 42 48 #% 9k 1 1Y 5 RNA, DL
RNA M A 1 cDNA | J7 2 BB U S
FE A5, LA B cDNA b B 31T RT-
PCR 474,25 uL PCR WA % :2xT5 Super PCR
Mix 12.5 pL E S HH 65147 (10 wmol -L™)
£ 1 uL ik DNA (29 30~50 ng-uL™)0.5 uL.
ddH,0 10 pL, PCR #4515 . 95CHAEE: 5 min;
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Table 1

Specific primers used for RT-PCR

Primer name Sequence(5'- 3")

Amplificon length/bp

TSWV-NF TTAAGCAAGTTCTGCAAGTT

TSWV-NR CATGTCTAAGGTTAAGCTCAC i
PMMoV-CPF CGCCGAGTCTTCTTCGTTTTA

PMMoV-CPR TGCCATCATGTTTAAGGAGTTG °09

95C 251 10 s, 55CIE K 10 s,72°C #Ef# 10 s, 3L 30
AMEIR ; FeJa 72°C ZEfH 5 min , 4CIRAF
1.5 EBEFIDH

$ PCR P2k A TAEY) TR (L) e A B
O EIEAT ALY, Y 45 2R 5 GenBank H?
CLHIAH 05 75 10 7 91 24T Blast o X, BEHCE P9 4h
23 MNEACEVER) TSWV 435 9 A% 1 /R 7 51 Fn
21 > PMMoV 43 &5 4 ) 4% 15 1R 17 41, {8 | MEGA
70544 LA A8 2272 ( neighbor-joining ) 4 & 2 4t i1k
4, 28 Bootstrap 1 000 IAEFGIGHE LA A AT SEME

2 HREHWH
2.1 HEEFERREER
X 5 BB PR T 10 1 )R A, =i 3 St

e T R, AR AR SRRt o Ay < s v [l S
SR A= FAARL, S I ) LR R Ry R S B k| A 4 AT
W2 ) b 1, A AR I B R 1R 1) R T4 (81
A), FRA 3 FEARZEAL, iS5 A PV AT
RFEAEFIE EOHHE(E 1-B) ;PV2 IRER R
IR R A R, R s = AR (F 1-C)
PV3 AREARZE R FRRIMAE T R b R w4k
[T ARSRIRBE (] 1-D) o 55 41 W5 el i 1) 2 HC
b 5 ol 7 £ AU A £ B, 995 B 8 1 R R AR T
20% , HAER FERMAEM R 1,

2.2 mESBUHNEEZEZEMN

TRTEST B AR 7~ 0 d S5 PR R G
JIi M ANE SRR AR AR g O R AR A (] 2-
A) s A IIAE AR ZE RS RIRIE (1B12-B)  $2 ik 42

Fig. 1

The field symptoms of pepper virus disease in Wenchuan

A:Leaves symptom; B:PV1 fruit symptom; C.:PV2 fruit symptom; D;PV3 fruit symptom.

Fig. 2 The symptoms on pepper(A,B),Petunia hybrida(C)and N. tobacum

cv. Samsun NN (D) after mechanical inoculation
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Table 2 Sequencing data statistics and results of BLAST search

against the virus reference database

Sample name Raw reads count

Clean reads count

Contigs count Virus contigs count

PV1 68 661 519 67 112 652 655 106

PV2 98 022 838 96 135 094 1315 176

PV3 49 746 641 48 839 116 880 143
3 R AT AT 4 R B, TCSV,1 __ GMMV1
(R (1 2-C) . eFh =200 3~5 4 J5, HeFhis RN

Az B A8 (Rl BXE | 2205 3 BRI G B g, s
.0 S(E 2-D) .

2.3 sRNA RENF &R

sRNA R P 25 R L W], AL S RNA $2
W SC % A 2 A Tlumina HiSeq M JF 38 48 raw
reads, 5 #] 18-35nt (Y clean reads, f#i i velvet %X
1, 80 k-mer B H 17, X5 3] sRNA #H47
HAEPEE AL PV PV2 1 PV3 43 9115 3 655,
1 31571 880 /1> contigs (% 2) . 5 BE A% R A PR
HEX AR | 3 AN rh AT 425 4> contigs fELE
XF b 7 FGEE T 81, TSWV (338 contigs) 1 2, 15
e 79.53% , 75— B R 90.62% ~ 100.00% 5 H: 1K
5 PMMoV (71 contigs) , i lt 16.71% , )75 —Z 1%
4 96.92% ~100.00% , HA43A CMV (10 contigs) \ 7
AR Sk BEN% B ( Tomato chlorotic spot virus, TCSV)
(1 contig) | ¢ #fi 25 %% B 5% 4 5 ( Gayfeather mild
mottle virus, GMMV) (1 contig) 241825 FBIRFENG
7% ( Chrysanthemum stem necrosis virus, CSNV) (1
contig ) FIBRAUHR 2% BE 15,97 7% ( Pepper chlorotic spot
virus,PCSV) (1 contig) (&l 3) ., PN &4
fELL X |- TSWV Il PMMoV [ contigs, PV1 43 %]
£ 103 12/, PV2 2 111 Fl 55 4>, PV3 K 124 Fil
144> (1#4)

2.4 fREHBEYE RT-PCR IIE

WRIEDHE P FIBET 3 X514, (i F RT-
PCR 77243 5 A DU BRI SR 1L e DL K 5
[ AR T Y TSWV T PMMoV , LLESHIE sSRNA 15
JEE I B HER P BRPURD 7 A Il A AR A A o T 1
Mo S H TSWV-NF/TSWV-NR #4T PCR #;
M EAEE PV PV2 Hl PV3 B3 i Flfh T2 e 18
FIR/NZ R 770 bp B9 F B (K] 5) , £ /5 #1 Blast
e X E, B4 B W ( TSWV -WC ) 5 TSWV -

PMMoV,
71
| B

Numbers of contigs assigned to re-
spective virus identified from three
different datasets

Fig. 3

140 -

120
100
801 ETSWV
60 |
ZPMMoV
a0t
20F
0 1 1
PV2 PV3

PV1

Contigs number

Fig. 4 Quantitative distribution of TSWV and
PMMoV associated contigs from three
different datasets

14YV677(KP6384518) )7 51— PEH 99.1%, fii
FH51% PMMoV-CPE/ PMMoV-CPR # 4T PCR #;
I3 ASREER SR B2 LA K PV2 b - 247 48 21 ks
254 500 bp A Bt (I 5) , 4 ¥ Al Blast X,
N4 B ¥ ( PMMoV-WC ) 5 PMMoV-AH
(MG437273) T8 — 28 99.8% . X5 sRNA
TREE M 343 B AH I contigs JF 91 58 4 — 3, W]
IZHARMER AT AE . KT S35 & GenBank , JR15 %
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bp M PI P2 P3 Sl S2

S3 CK

Fig. 5 RT-PCR detection results of TSWV
and PMMoV in diseased pepper
from Wenchuan

M2 000 bp marker; P1-P3. Peel of diseased pepper; S1-S3:

Seed of diseased pepper; CK:Negative control.

bp

M 1 2 3 4 5 CK

Fig. 6 RT-PCR detection results of TSWV
and PMMoV in three hosts after me-
chanical inoculation

M:2 000 bp marker;1;Peel of diseased pepper(P1) ;2:Di-
seased pepper after mechanical inoculation; 3. Diseased
Petunia hybrid after mechanical inoculation; 4 Diseased N.
tahacum cv. Samsun NN after mechanical inoculation; 5;

Healthy pepper; CK: Negative control.

54y R MK468469 F MK408614, L) I 4%

IEMIERE PVL PV2 1 PV3 ] TSWV #l PMMoV

HARYITE, [, RO R 22 4= A=A i

(R I X5 4 B B AE Y B (1] 6) , 3R BT R s R

FERTR B M R BX 2 Pl R 1R 5

2.5 TSWV N E[E# PMMoV CP EE i &%k
& n

fifi H§ MEGAT7.0 4, SR FH NJ 49 2 24 Ff
TSWV 5354 N B (G145 TSWV-WC) 1 & Gt
e B R (B 7)), BAAMFEEGE > EY
(GU222651) R — &, BN M E 5 &Y
(EF195230) 73 B — %, H i 351 43 B4 TSWV-
WC FI5M 43258 (KP684518) 7E [F Py B [ %,

— 3, R IR, M 22 B PMMoV 43 4
CP J:[H (f135 PMMoV-WC) [ 2 Gt it fL i 235 51 ik
~ ([ 8), PMMoV-WC #I 4t 5T 4% & ¥
(AY859497) FAMN B A — %, ik ok R feilr, 5 H
filk 3 A4 1Y Il 43 B ¥ ( KP877436 . KP877423 il
KP877435) 3E 4 K R A AL

3 g

PMMoV J& F 4l & £ it 5 3 J& ( Tobamovi-
rus) , 32 AR Y BRI R i RN B 5k AR R AR Ak
FESFE S - B A ¥ A B 5 5 10T B, 0 SR e
WL ; TSWV JE T A B2 5 R | 52 12 YL sfimnt:
FORERF I AT Wk AR LR , A #5614 [RLO IR BE
o SR 1 BT PR kg AN 38950 BRCEOE R FRBE . L
JISRAERR S PV A1 PV3 SEAIR S TSWV 75 BT
RS G R ARE R AL, R F A B, T
B LR AN [] B B 26 o AN ] 5 TG 2R PV2 1
FER SR AN ] | 5L 2T B 4 = (0 BE 5, 459 B 0] i bR

S R e 07 i S R dE A S AR
/N RNA VRBE I 5 A Bl A 6 10 R 26 22 60 sk
KA R E T B, A SCRHZH AR X B B
WU FE 2E AT DU Y, 45 SR 4K T 1) TSWV FI PM-
MoV ; SR FHp A R 12 V80 28 468 2 i S BRI 48 7R AR )
WA A BRRUR Ge RO, AR AR R = AR S
PR R EBA B ;5 RT-PCR X SR8 W RE L B %
AR TEA T AG I, ¥4 344 HHRE N R B, SR BH Y 1] A
SN EBHUR FW & H TSWV Hl PMMoV & 412
Pen |, X JE TSWV by VU BB 1 s

PMMoV J& SR R0 35 | 76U L i P %
R 22% ~29% ), B ] 3l 1 O AR AR R 1 B
TR EE Sy SUAL Y R B M Rl L SR R AR
WRRG ARG, 5 5 R YL Tl 72 12 200 Jif Fn v e 21 21
BUETE TR 200, X5 PMMoV HMEHRRCE
A& 58 TMV F1 ToMV 525 | B ik i i At
TEJE ] R A5G 90 4G P28 5 11 e ) P B £ e L5
I3 2# 4 AR RT-PCR HARTE# [ 3% = &7 10 it
BB F BRI . PMMoV 22 S i A
K BRI BRI &A™ B R BRI TR 35 O 2B AL, L el
TR A TR, A5 T RT-PCR, 7E
S SR 7 I ek b - Hp 24460 1) PMMOoV , X PM-
MoV CP IEH AT RG KT 53HT, KB 53 B
FHE LA B B R Sy — %, AL SC R Bl , S5 1]
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——KX430013 tomato Shandong, China
MG878875 tomato Heilongjiang, China
HQ402595 tomato Yunnan, China

63 [KU976396 Iettuce Yunnan, China
———JF960235 tomato Yunnan, China
——KU356854 celery Yunnan, China
KM657116 pepper Yunnan, China

67 KM657114 pepper Yunnan, China
KP637174 tomato Yunnan, China
KC294570 iris Yunnan, China
| L KC611497 pepper Chongging, China

94 |_7 @MK468469 pepper Sichuan, China
97 KP684518 tomato Guizhou, China
HM594685 tomato Yunnan, China
ﬂ%zso pepper Korea
AB277582 pepper Japan
90 DQ431238 pepper Italy
4‘1 KM407603 pepper Turkey

Gu222651 pepper Taiwan, China

78

91

87
99, HQ267714 pepper Korea
99 HQ839731 pepper Italy
45 _EHE600703 pepper Spain
81 DQ376184 pepper Spain
0.005

Fig. 7 Phylogenetic tree based on nucleocapsid gene sequences of TSWV

AB000709 Japan
AB069853 Japan
MG437273 Anhui, China
—MS81413 Spain
KP345899 Hunan, China
——KT439070 Liaoning, China
—KX524521 Liaoning, China
KR108207 Korea
Ml | @ MK408614 Wenchuan Sichuan, China
65 AY859497 Beijing, China
KP877436 Sichuan-Mianyang, China
KC245155 Xinjiang, China
61 |KP877445 Yunnan, China
AB550911 Brazil
KP877423 Sichuan-Chengdu, China
KP877435 Sichuan-Peixian, China
KJ631123 India
KU311159 Canada

I_ L——KP955400 Chongging, China
KP571248 Guizhou, China

AJ308228 Spain

A
0.005

Fig. 8 Phylogenetic tree based on coat protein gene sequences of PMMoV
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(4 3 A B HEAL OC R AR X BGL , HED PMMoV 7
DON MR R T R SR 15 A7 G,
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AP, TSWV RE A 38 ok b 7 15 58 i R AT
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WA HEFR, I 4 F1 3 AT 3 ) Fh L 4%, FLRh
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AR FRER 90 46 2 36 1138 5 DAS-ELISA J5 1%
1 RT-PCR i 4 A 76 56 [ b B 1 2 28 Fp 12 |
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