VLM 244 ( Jiangsu J.of Agr.Sci.) ,2023,39(1) :37-43
http: //jsnyxb.jaas.ac.cn 37

BUNEL XL wh AR B AR RN RNA LI PR S TR SR AR RE A2 [ T ] LR "4, 2023 ,39(1) :37-43.
doi :10.3969/j.issn. 1000-4440.2023.01.005

FI B/ RNA 7 U 4 R 0 22 T 95 0 A S M s 2 i 2

AR o A AR B, APERYR?, AR, FR4RR
(LIS AR A TSI T HhoR 2240025 2iBIRAA AR , WA IR 262200)

FE. 2019 4 6 AVLORE ERIRTT &AL T 8O0 ™ E A HBUR TR , & F AR R IR & & %1k 4k
BRI H W, BRI 11 RBE LB T AR bR T R (1 B8 SR A, P P HL B B P AR [ AR |, e 3
W3 BRI I e SR R IR AR FR A AR ST, A B AR AR 1 B3 2 42 % 1 S AR, 00 2 4 DR 3 S AR ko 2
BRYe AARET A AN S FAJE , O T 3 — 25 WA A AU UL (R T 2 1 0 3 BR BIURURE SR K 2 403 R o R /N
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T3 FH TR R AR 11 A5 BABURE S AP A A FCHRAT R R AT B2 IR 8 , P 2 BRBMURE T B LA A A [ A i
2 T BBWV2 ChiVMV Fl AMV 35X 3 PR FR (2 Y BRI Y0 B IR R R, W5 45 58 XL T3 48 SRS
TR AE ™ U e B 1 IS W N R AR AR T S5

R B, /D RNA BRENY,; RN

FESES: S436.418.172 XERFRIAAD . A XEHS:  1000-4440(2023)01-0037-07

Identification of viruses from peppers in Yancheng, Jiangsu province by
small RNA deep sequencing

ZHAO Xiao-hui', LIU Chong', YU Kai', ZHONG Ming-juan®, ZHENG Jia-qiu', XING Jin-cheng'
( L.Institute of Agricultural Sciences in the Coastal District of Jiangsu Province, Yancheng 224002, China; 2.Zhucheng Agricultural and Rural Bureau,
Zhucheng 262200, China)

Abstract: In June 2019, an incidence of relatively serious pepper virus disease was reported in Yancheng City, Jiang-
su province. The symptoms included plant dwarf stature, yellowing and deformities of pepper leaves. Eleven strains collected
from pepper leaves infected with suspected virus were inoculated into Nicotiana benthamiana leaves by surface rubbing and it
was found that three strains of peppers had typical symptoms of virus infection after surface inoculation of N. benthamiana. It
was preliminarily suggested that these peppers were infected by a virus with unknown identity. In order to further clarify the
virus type, two samples obtained by mixing three pepper standard samples were detected by small RNA deep sequencing tech-
nology and bioinformatics analysis. It was found that sample 1 was co-infected by broad bean wilt virus 2 (BBWV2) , alfalfa

mosaic virus ( AMV ) and chilli veinal mottle virus

75 B #A . 2022-06-24 (ChiVMV). One virus of BBWV2 was detected in sample
HEETIR . BF HRBFHA I H (31901856) ; V17548 4%\l 5 K 2, and RT-PCR detection verified the reliability of the re-
SaFP I H (PZCZ201715) sults. Finally, 11 pepper samples collected from the field

TEE RN B/ NE(1989-) , 4, INZRSERH A, i1 Bh A9 0, R and inoculated N. benthamiana were identified by RT-PCR.
A TE A IR MR ERF 5T, (E-mail ) zhaoxiaohui_g This is the first report of BBWV2, ChiVMV and AMV viru-
@163.com ses infecting peppers in Jiangsu. The current study acts as a

TEHAEE JEHIL, (E-mail) sdauxox@ 163.com base line for early diagnosis and timely prevention and con-
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trol of novel viral strains that pose a potential threat to peppers in Jiangsu province.
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RNA RS 5 454 RT-PCR 3 3iF 77 122 % 4 e 25 3
BB R BEUEA TS A8, LI N VL5548 SO0 7590 1)
TR FZ5 A B 6 B9 il

BRSO

1.1 ##

T 2019 4% 6 F MR Ik e v 1 50 37 1Y 15 it SR B
KM bR A I R 3R Bl R | BT S5 AR A S
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SRIRIREAR , R ARG R 5 2 A H B8 iy o] S0 5
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TR T B B WEER b, AT 0 R AR 2% vP A TR
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PEN B RERR EER A 3 ak vt R (R 0 iy I N R
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TRIzol iX 7 £ (Invitrogen ) 1Y 18 BH 45 HEHL 2 7y B &
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AHEAT 58 B P4y B, 24 E B ik E = 250
ng/pl, K BL= 10 wl, 0Dy = 1.8, 0Dy s =
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ARG YR il 1+ VAHTSTM small RNA Library Prep
Kit for Tllumina ( i ME#% , NR801-02) ¥4 7 SC %, ¥4
HAF ) SC E 5 Tllumina novaseq 6000 #4177y
RNA M JF 5 #7

123 RUHBARELE > BRESAHELT
5 AR S JE T 18 ANEK T 35 MR K P
G, ARASFA T 751 ( Clean reads) ; F Bowtie #f4F
4 Clean reads 43715 25 K048 e 19 F 0 2547 HE X,
P UEAZAER RNA (rRNA) #%12 RNA (tRNA) XA
/N RNA (snRNA) #%17/)F RNA ( snoRNA ) 5 ncRNA
KBTI, T AA LT E ) /N RNA (sRNA ) 8 i
velvet FAFHEAT DEE , SRAFREAL 240/ RNA K
H R (Contigs ) 5 3 1) 59 B¢ A% 1 B BUHE P 2R 1A
R B BE AT BLAST X, XF 3843 1 Contigs HEAT
SYFETERE, LT B 1 E A5 R

1.2.4 PCR/RT-PCR %4E 5 T HilFE/)y RNA IR
DU P45 5 R e I, X TR Fh i R 2, 20 AR 4
/IN RNA UREEI 745 2 19 PF 42 )5 51 Fl GenBank 15
P ) [ Y5 S v 1039 5 25 DXL 91 ) (< DX i
T2 %R RS, A 51438 i DNAman 7.0 F
DNAstar 5.01 #1519 i B o 4 B g A= 0 #
A BRA R AN, BN ESCHRI3 TR 11] 4
S AR UL 2 RS EE (CMV R TMV) 1) 2
XPRESET W (3R 1) o 43004 B A ) i R 246 DNA
PERUA A & (Tiangen ) FIAE ¥ 5 RNA $2 BUAH] &
(Foregene ) F U8 B 42 HUH F7)N RNA BREEII Y 2
YRR B DNA L GL RNA, LUE RNA AR AR,
XT176 ( 5'-AAGCAGTGGTATCAACGCAGAGTACTT-
TTTTTTTTTTTTTTTT-3") Fl XT269 (5'-AAGCAGTG-
GTATCAACGCAGAGNNNNNN-3', N = A/G/C/T) H
519, 2 W8 I S M-MLV ( Promega , USA ) 415
P45 cDNA , LA AT eDNA FIHEELL) DNA A
M, H BB 51 9 Tag Plus DNA A [ 4=
TAY TR i) BB BRZA R 64T PCR 974,
PSS A 10 o/ LI e EE S Lok D 34 7=, 78
SEHMT T R E 454 5 H0 B T, # [l i 4 3
FrBo#E 3 pMD19-T simple 2844 ( TaKaRa) -, 31 H
WA IEAL KA DHS o JREZ 2, Z S5 16 3 A4
ZLPATE PCR ik 21 9 B S b | 16 22 95 M 4 e A
YR RA RIY . K15 19751 ] DNASTAR 5.
0 JKPFM Seqman B JF TP A0 ] A5 BI04 34 R
BUF 91 2 B KA W R (5 B 0 (NCBL) 3

HiFFH BLASTn R A TSR LUXT 0T, o) 1 4
RT-PCR 4" #4855 FlF 31 EE X 25 B 38 HIE /)y RNA T
JEE U P P 1 0 A 07 2 1 FH R I 5 e i PO 2
(514, iHE— 25 07 FH O 5 1 AR 5 40 5% SR B 1) T A 8K
PP RE R RN 19 A B AR 2E 4T RT-PCR AL, 4R 48 46
45 SR 42 G VL I0 ER BB e 5 2 7

F1 FHRHATFRNFESN3Y

Table 1 Primers used for detecting viruses in this study

K =%

EIk7 A7 JF31(5'—3")

(bp)  3CHk
BBWV2-F TCGGATGCAATAAGCTCAAA 875
BBWV2-R  CAAGTTTGCATTGCTTGTGT
AMV-F ATGAGTTCTTCACAAAAGAAAGC 660
AMV-R TCAATGACGATCAAGATCGT
ChiVMV-F TCGGGAGAGAGTGTTGATG 860

ChiVMV-R  CAATCCACGAACACCCAG

CMV-F GGGGTACCTAGTGAGCGCTGTAAACCTGGAT 260 [11]
CMV-R GCTCTAGAAATTTGTTGTTGGCTTGAACGC

TMV-F TCGAATTCACCATGTCTTACAGTATCAC 500 [11]
TMV-R TGGGATCCTCAAGTTGCAGGACCAGAGG

CMVCPuF  TCTCATGGATGCTTCTCCGCG 760 [3]

CMVCPuR CCGTAAGCTGGATGGACAACC
GATTCG AAATATGTCTTAC 600 [3]
CTTCGATTTAAGTGGAGGGA

TMVdF
TMVdR

2 ER 5550

2.1 HEHEBEZRERL

T 2019 4F 6 H XVL IRk g 1 X 8 7 it R
PPN BRSSO A 7 B 9 4, D B0 0 SAABURL R S 1B
SRR TR , RO R AR/ | BRI
AR SR -, [R] B i A A () R 2 A 3 A0 e R TR &
(K1) REERIFERME R 2,

A~ B R KB AR ; C - fHE A BB B
B 1 R X SRR ER U 5 B & R AE K

Fig.1 Symptoms on peppers caused by viruses in Yancheng
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Table 2 Suspected virus infection samples of pepper in Yancheng

sy A B

1 19068-1  AHAREE/D, EASIH Al , 2 ERmR
2 19068-2  AHBEEE/N, AR R AERCHL i, SRR, A
R ) it

3 19068-3  AEAREE/N, LFRET R ARAHLM, S ER R
4 19068-4  FEBRIE/DN, LESAT A AL 2 ERR
5 19068-5  HEREE/D, LS B AEMR
6 19031 ARG A
7 19044 FERRIE AN, TR 53 Ak
8 19033 MR
9 19015 EX iy U

10 19016 By

11 19035 ARG MR

19068-1

19068-3

22 RESBYNEEER

A3 HEREER 11 BRBRAUI Fr 3 BR8N 5~ 6
30 (%) 6 7 AT ) AR QMR e , o) P 1l TR % o A 422
ot XA S AR CQURAB R A T EE I T 0 SR AE IR, 2
K12 BTN, 3 BRI Fr S VR0 e, A QIR AR R 1
PR BE 1= G g S ALTE AR ) v HTBRARUA R 19068-1
19068-3 [ Fr 3R AP A I IR AR AR 6 d ), i 3R
IR M AR SEREIR Bl S 06 2 AH ] 1 46
M AR A R SRR RS R R
INFE ; FHBRAUT: 2R 19068-5 B F 25 2 Fh AR G R A
w6 dJa, R AL SEREIR, Z 5 R B
SR RAS I R A 5 FHHARAE St i SR A A
FERR A IRAERAN B ., T FEAAR AR KB, Bk
TR AR QAR AR R E PR3] ph 5 705 12 i i, T TR
HUEH 2R 19068-1,19068-3 F1 19068-5 SEA BN T B Y
(R TT L — 204 M R B e 2 AP R

A~C: 30 FHBRMUS 2R 19068-1,19068-3 F1 19068-5 M- F 3 Wi F 8 d J5 YA FCMEAE MR 5 D . IR ER 28 Wil B2 Ah 9 AR R MR A

B2 SRR 8 d EARIEEERNER

Fig.2 Symptoms of Nicotiana benthamiana plants inoculated by sampled pepper leaf extracts at eight days post inoculation

23 /NRNA RENFERSH

R T W25 Wl A T R Ik DR s B 2
AU B3R 3 BREEAL B B 12 Yl i HH [E] BRBSURE R
B 2 3 FE ST/ RNA TREE 3510005 , For 19068-
1.19068-3 1R 1 14}, 4i'5 K Pe-1,19068-5 HLAf1H 1
By, 905 R Pe-2, TG M Pe-1 384514 032 995
5L % (Raw read ) , 25 8 TC 4 W ) 91
(Read) , 15512 298 498 4% Clean read , 33 i€ i %l
AR11 139 12945 Read , X 12 U8 J5 3R 45 19 5 91 2647 DF
% , L1551 829 Contig, ¥ 3R1F 1 Contig #1712
R S5 R Pe-1 T A0S BBWV2 | H 15 fE M 8
( Alfalfa mosaic virus, AMV ) B BEL % % ( Chilli
veinal mottle virus, ChiVMV ) F1 48 ¥ Jik BH 9% 5 ( To-
bacco vein clearing virus, TVCV) %5 4 Fi ag, W %
J5 M Pe-2 H13545:18 076 432 4% Raw read, 2 TT4%

Read J515%5112 994 4394% Clean read, FRid € Ji5 ) 4%
10 713 2415% Read , X3 JBJ5 3RA5 19 )5 S HEAT Di4%
4G22 8474~ Contig, X 3RAF 1) Contig #1773 JE 7
B AR B Pe-2 & BBWV2 & G EHEHE 1
5 ( Broad bean wilt virus 1,BBWV1) H 2 B ks 5
(Sweet potato vein clearing virus, SPVCV) 5§ 3 Ffi
., IRERAHEEE P, SPVCY Ry 3Rik DNA Ji 7,
HARMGTEST RNA i aE . DIP A RARZE RIS 3,
2.4 PCR/RT-PCR ZGiEFA#&

T BE/N RNA BREEIN e 4t R n s, LU T
/N RNA GBI 9 2 43 BB FE I - DNA/RNA
Btz 7 1.2.4 Bt s 19 5 RS ) SPVCV
JWEEFAT PCR B0k, X A 82647 RT-PCR $51IE,
SRR, 3 MR EI Y 3 (BBWV2, ChiVMV Al
AMV) BRI 1 X3RRI 519 (R 1), HAEA
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o7 FRSBRRURE f FR T B B T U N A (B 3) L
12N B 2% meslif eI I 20175 51 LE X
T, HIAMEE S Pe-1 Pe-2 i 11K BBWV2 F By
EATIR P 550 43, W7 5 NCBI ft BBWV2 73254
XJ14-3( 8355 . FN985164. 1) FA% 1T R 15 41| — B 1tk %
B, 94.49% s WRE S Pe-1 Hhy B4 1Y ChiVMV A% TR
J¥%1 5 NCBI H' ChiVMV 43 &5 ¥ Korea (5 5% 5.
AM909717.1) BAT B = WAL TR P S IARBLEE (97. 39% ) 5
MM Pe-1 £ H Y B3 EIH AMV ZAFERITH1S AMV
IYES) ER1 (555 KX579896.2 ) B A% 2 6 51 AR
JEd L 98.32%, DL 45 RULI, Pe-1 R 5 R AR AE

®3 /RNA BIRENFEEGITS S50
Table 3 Statistics and analysis of small RNA deep sequencing data

BBWV2 ChiVMV Fl AMV 3 e, Pe-2 FE 5 AEAE
BBWV2 1 #1575, BBWV2 .ChiVMV F1 AMV {2 4L 35
BIMTHVE HRRGE, 76/ RNA TR 3 7 B3 1)
WEET A 3 A EE TVCV BBWVI HI SPVCV A i it
PCR/RT-PCR ik, #Ei ph T i rvisc 2 25 1) F B
THRE R AR A PR R o R i DA DGR R T 2
SRUCHCREE 2 NI MAAC AR . 340, 78 2 bt
FEFEAAINE B UL TMV .CMV 2 FivisEz, It
5L — 15 RT-PCR BHES5 55/ RNA BREE T
FPEE SR — 3

Pe-1 Pe-2
S BE
Contig L H (1) HH TR SR (%) Contig ZLH (1) BAT Iy 9IAHBE (%)
BBWV2 1 95.52~100.00 40 93.65~100.00
AMV 20 91.60~ 100.00
ChiVMV 21 92.53~100.00
TVCY 5 82.15~88.35
BBWVI 1 86.46
SPVCV 1 83.33

BBWV2. & T EINTE 2 5 AMV : B G AL TE ; ChiVMV  BABIKBE B 2% s TVCV  JA R IR B 37 ; BBWV L & LZETSHETE 1 5 ;SPVCV,: H ¥

B KRR B 5 Contig : FEE

Pe-1 Pe-2

M1 2 3 4 5 6 M1 2 3 4 5 6

M:DNA marker; 1: B B3 (AMV) ;2. R EEWHREE 2 5

(BBWV2) ;3. BUHUIK BE B 9% 5 ( ChiVMV ) 5 4. M0 5 46 9% 55

(TMV) ;5. 35 JRAEHR R (CMV) ;6. BAPEXTIE

E 3 RT-PCR ERKNEH Pe-1.Pe-2 AP HHFS

Fig.3 Detection of viruses in pepper from Pe-1, Pe-2 by RT-
PCR

SR iff o ) SR A 1) 11 BRBRABURE & 158 90 %5 42
FpA LML 485455 2 1% 00, R 36 15 th i 4
3 MR RERCR B 51 ) S TMV CMV ¢ k5 |
Ykt b RRE S 3EFT RT-PCR Ko, 45 5 R, B
ih % 19068-5 i 52 4% BBWV2 B 42 4% | 19068-1 .
19068-3 ¥4 BBWV2 ChiVMV 1 AMV & & 1= 4L,

HopRRE SR AR BT (£ 4) o BLAN, 3PP A A
FRARAE M b X 38 B AR . 7 B, R WA ik
AR I R SRR, A FRMA R PR L A7 78 A R 1Y

TAEE

R4 HEHXFREERRNEKREER
Table 4 Virus types detected in pepper samples in Yancheng
FE i PR
(B A LA )
19068-1 BBWV2 ChiVMV AMV
19068-2 -
19068-3 BBWV2 ChiVMV AMV
19068-4 -
19068-5 BBWV2
19031 -
19044 -
19033 -
19015 -
19016 -

19035 -

BBWV2. #& LI 2 5 ; ChiVMV : BB BE B 7  AMV . 1 1
FEMH
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(O 25 RS, B2 T T OO 2 1 S e |
2019 4F 6 HAEXH LIR30 re 1 i g 37 5t RS T
T, Rk R R EAL R A B U
BRI A BRASURE R , (EL A B0t IO PN R ) — L A= 3 e
I T 2 T AT B TR AR AR R M, TR,
AW B S A AE P 2A R TR X SR AR 11 BR SRR
YUl EE BB A S T TR AL 40T S5 R R IR, FH:
T 3 MRRUR RREE A ) AR CC AR H B T
BRI IR YL BUREIR ) 20 ] I e O o m ke
(HA RGeS RPN )E . it — 25 B Uk Y
(AR EEEAY, /N RNA JRBEIN 5 AR R AE 45 8 244y
MK 3 ARBHURE A TR A 2 OB b A G
ZERIN FESL 1 8% BBWV2 AMV F1 ChiVMV 3 FliEE
BARYE FE 2 FRUBRGL T BBWV2 1 FiWig#EE, RT-PCR
RAMSSIE |3k — 25 R AT FEvE, S HIH RT-PCR 2%
X N ERAEE Y 11 BEBRBSURE (i AR 9 AR FQ R AR Ak i
TIRRRYESE , BN B3R 3 RRBABURE T R A 1 7
FHRRE AR B X S 5 B T AR B, 1 7E HoAth 8 Ak
BRAES PR BRI R, R, A AT AR o
SHEBRIX 8 BRBIABURE Sl i A AE — S At sl R 7 Y
AIREME IR RRE— 20T, REE IR R
BERI 725 A R AR FE S PR AE 7 i R A 2 Ry
AR, s R RS N — B Pl MERf R
A BB R IA R

TEHSR I M4 32 5 2 Mol ZFR e 2
GG XPE GRS RN I EE,
FEAF A b st — e BE 4R Y T R M R (Y
AR AT R R, ChiVMV & 4 5 Y
SR EERH( Potyviridae ) Th2 2 Y YR BE)E ( Potyvirus ) f—
AR B, PEARGE, ChiVMV 12 e 40 & 5 3 5 5 | 4l
L% AL BN BRI 2R 4 LR R i
AMV YE K46 22 76 M 8 R ( Bromovirus ) H 18 16 M9

)8 (Alfamovirus ) BYHLTRY RS, 53 | A5 B 5% 405 SR T1E 52 HJg%
PeA TGRS 23 B R G vk BE A | I ke R,
TEARNFFE 8 T UL 5 AL 7R} ( Comoviriadae ) 4%
G EEIR ( Fabavirus ) # AR BBWV2 Ul {R Qe A
IR G R IR N AL R AE YK SAEOE R | T
ChiVMV ,AMV I BBWV2 3 F5 8 & A 12 YL A [T
Hp=A: T OMVEVER, 5 T 4™ S RS R . #ELA
AT VR R X e AR Y SR X
Ji 7% (Potato virus X,PVX) 73515 D442 Y 95 5 8 il
B S Y 55 (Potato virus Y,PVY) 5K TEV® |
ZE55 i 7% (Plum pox virus, PPV) "1 M kA 46 -G
7 (Tobacco vein banding mosaic virus, TVBMV ) Blg
B AR YA LIRS Y BE = A SR R G SR AE R . A
AR AT UE W TR SR E R P E
YERITE A SRS A , B A BE T B0 s T itk
TV, 38 1905 2 b 24 268 R AR X | L 4 o B Rk
P FEEREAR 2,

{EASE B2, AT 2 i BBWV2, ChiVMV |
AMV 3 IR YL B VLR 20 B IR HGE . BB-
WV2 (27 G 512, AR YL AR R i
JR 3R MBS ARTEN Y 44 BHEY), HET BBWV2 {7
YLTE [ N 22 M B A R AR A, A B A INE
R B4, 6T % Hiu SBROARLP™ b %) fEE B & JRe s o K 5
w0 i ChiVMV s REAR bl ma I TR A
M BB FEZFRAEY) B —Fh AR E A
B, 124 ChiVMV T & 4E 2 = 7R Ber Uil =/
AU (X)), ™ B B A5 B 22 4 =
BBWV2 ChiVMV 27 A] 3 5o i e D) 2R A 1 A7
FERE RN IR 7 A T4, DR A Ik
by DX BRSS9 B9 1 A TAE , R IR fe B B4
R IR ARG A A R B 4 , ARH LR Fh 2 208 1L
EEGETTE B G . AMV REIR UL GRMAR. B
SERL K B RS Z R, Heh SRR s
J& AMV 5 LR P57 i AMV ARG 1
HEI AR, /R &R A2 AMV |
A B DA ARREA R 5 A4 i T E T A
Wy FIRR AT th T AMV BERh G P-4 T i B A4 4%
ARSI, DRI ERL 5 | P A B2 o 6 PR
R, BLAh, 7 Rl e A A SRR, g
BRI BRI AR P LR A 38 B O BRI Fh 46
D7 ARG IR R T AR

UTAE S | it 25 VT 90 8 3k b IX 150t i bR A7 v AR
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PR TEVEAT T ALK, WF 58 45 2R X 5548 R
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Yo e R HE— A IR AL T BRBURE i (14 2R 4R
TIYERE S RE B L A LS A B HAe 1
DUEAT 2258 EL A THT ) 18] A5 RS T2 | Sl BRORUI 759 Y
LR B RO B A OT R SR T
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