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EitENEXRFENRSERNARF T
e B R G A

Z#LZ X L NEFEE BEFE X OV SEF

G 8 AV R BER I R T T I, T 8 ARV E s U B i B S =
Aol AANS TR R A A T AR R B R SRS, K 450002)

W . A 3 LA A 35 N 4R 2k 2 1L % 7 (cucurbit chlorotic yellows virus, CCYV) , AT & 4 i%
H KB e & 0 T 3A 2 R ORLE 6040 BA f6rt  Sh AL Fedd 25 5 g A g2 R 69 3b S Jm e H AR 5 ) A
%38 F M FH AR IR AR AR 4T 2, A CCYV-CPF/CPR F2 CCY V-P22F/P22R 3| 4 % 60 43 4
AT R A% e e A-Bhkk KRR (reverse transcription polymerase chain reaction, RT-PCR)#&! , 5+ A 9 %
Tl 34z 3 69 CCYV 2R B 45 5 k474 3 A 5L %, Fl DNAMAN 6.0 2 4F 4 CCYV 89 45-F &
F#AT M, A MEGA X 1005 ME R AL TR, 2R B F,600H T RHrH SR Pand T
& 8. % % %57 2(broad bean wilt virus 2, BBWV2) #3127t % Z (Rehmannia mosaic virus, ReMV) .
i 3 767 % 2 (youcai mosaic virus, YoMV) A= CCYV 5% 7 ; 72 60 I A5 P, A 22 0 A o v A5 2]
CCYV, £ % 36.7%; 21 AN¥K 5 B Z R e CP AR F R AR AR A I —KFE 55 A
99.3%~100.0% #= 98.4%~100.0% , 5 H-At 5 & 4 Z 8 ¢ CP A W AZ F TR Am RIS 5) — S E 5 5 A
94.6%~100.0% #= 96.8%~100.0%, 17 /> ¥u3k 5 & #h Z 18] ¢ P22 K W A B A= B A BR 5] — B & o
#) A 98.4%~100.0% F 96.3%~100.0% , 5 H-A4b 5 & 4 Z 18] 69 P22 JK B A% 3 BR e BIL B2 551 — B &
53 4 96.1%~100.0% F2 94.1%~100.0%; % T CP o P22 2 A B H B 55\ 00 A% X A M4 R BT,
CCYV RE BTG R2AN4 X, CCYV Hsx 4 B4ty A R 28 6,4 RNAL A= RNA2 A4, A K
5% 48607 ntA28 041 nt, 4 124K G ;CCYVHE S B M AR A G E/RT, 5 EEr L
H 28 RNA1 #= RNA2 #) 4 3 82 — 5 £ 39 4 99.7%~100.0% , A T A H 200 2 AL AW LR E &,
CCYVH AR BB HFRAFIN S EF LT ECCYV Y BMABFRFNEA— N0 %, mE5E
W I % Crinivirus 09 B4 dm 757

KEEIR : st KRR FAR; 2RREFI]; ARSI ek

o

Complete nucleotide sequence and phylogenetic analysis of the cucurbit
chlorotic yellows virus infecting Chinese foxglove Rehmannia glutinosa

Qin Yanhong Wen Yi Liu Yuxia Gao Suxia Wang Fei" Lu Chuantao’

(Key Laboratory in Southern part of North China for Ministry of Agriculture and Rural Affairs, Henan Key Laboratory
of Crop Pest Control Integrated Pest Management, Institute of Plant Protection, Henan Academy of Agricultural

Sciences, Zhengzhou 450002, Henan Province, China)

Abstract: To develop virus-free Chinese foxglove Rehimannia glutinosa and control the cucurbit chlo-
rotic yellows virus, 60 leaf samples with typical symptoms of mosaic, yellowing and chlorotic were col-

lected from the main production region including Wenxian, Wuzhi and Yuzhou City of Henan Province.
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Mixed samples were further analyzed with high-throughput sequencing (HTS). Sixty samples were de-
tected by using RT-PCR with primer pairs CCYV-CPF/CPR and CCYV-P22F/P22R. The genomic
nucleotide sequences of CCYV infecting R. glutinosa were amplified and cloned by using nine primer
pairs. Molecular variability was analyzed by using DNAMAN 6.0 software and phylogenetic trees were
constructed using MEGA X 10.0. The result of HTS showed that BBWV2, ReMV, YoMV and CCYV
were detected from the 60 leaf samples of R. glutinosa from Henan Province. CCYV was detected from
22 of the 60 samples with a detection rate of 36.7%. The nucleotide and amino acid identities of CP
gene were respectively 99.3%-100.0% and 98.4%-100.0% in 21 CCYV-Rg isolates, 94.6%-100.0%
and 96.8%-100.0% between CCY V-Rg isolates and other isolates. The nucleotide and amino acid iden-
tities of P22 gene were respectively 98.4%-100.0% and 96.3%-100.0% in 17 CCYV-Rg isolates,
96.1%-100.0% and 94.1%-100.0% between CCY V-Rg isolates and other isolates. Phylogenetic analy-
sis based on nucleotide sequences of CP and P22 genes demonstrated that these isolates were grouped
into two clades. The genome of CCYV R. glutinosa isolate (CCY V-Rg) consist of two segments and the
length of RNAT and RNA2 segments are 8 607 and 8 041 nt, respectively. The genome encode 12 pro-
teins and their nucleotide sequences are highly conserved. The CCY V-Rg isolate had 99.7%-100.0%
(RNAT1 and RNA2 segments) nucleotide identities with other isolates deposited in GenBank. Phyloge-
netic analysis based on genome showed that the nucleotide sequences of CCYV-Rg isolate was
grouped into one cluster together with CCY'V isolates from other hosts but not with other virus species
in crinivirus.

Key words: Rehimannia glutinosa; cucurbit chlorotic yellows virus; complete genomic sequence; phylo-

genetic analysis; coat protein

Ho¥% Rehmannia glutinosa 3% S F1H # J& Z4F
AEFEARHEY) , ISR A2, BAG TR E i AT |
3 PRI AR I SR (R 55, 2018) , TR IR 20K
M Z — . IR T Gl PRI —a17 ) BT
] T S 14 2 ™ DX (R B R K %, 2008) , JIT ™ i
BORRA M 25 R RS ft s T LA X, LA
P BRI 24 Tt HbBE S A To Mk By A T
P, P F e G AR T, H Al E N S b e A
CLRIE PR A 10 Fl, 4045 48 17 2555 2 (broad
been wild virus 2, BBWV2) | i &% 7€ %% 2 (Rehm-
annia mosaic virus,ReMV ) (Zhang et al.,2008) .4l ¥
ALK 7% (tobacco mosaic virus, TMV) | 25 JIUAE ik
# (cucumber mosaic virus, CMV) . & 7l 4€ M5 B8
(tomato mosaic virus, ToMV) (XI| 145, 2018) i =%
A€ 9% B (youcai mosaic virus, YoMV) ( 5K P4 4 ,
2013; Kwon et al., 2018a) . 4= {if % 37 Y £E M 9 7
(Plantago asiatica mosaic virus, PIAMV) (Kwak et
al., 2018) . Hb & %5 ¢ 1 (Rehmannia virus 1, ReV1)
(Kwon et al., 2018b) | & I 42 {ij = £ I 5 5 (rib-
grass mosaic virus, RMV) (Kwak et al.,2020) F1JI\2&
#B 2% w5 1k 9% B (cucurbit chlorotic yellows virus,
CCYV) (Zhang et al.,2021) %, F [{ £ 8 7 Ho

A7 R JRERR Y G Mo SR B A 4E A
ok WAL MR S8 ZFE ik, 1 R R A A K A
R, i s b 27 g BRI L T B R AR Ak, ™
5 ) Ml AR AR . 5K iR L AE (2004) A1
Zhang et al.(2008 ) W5 3¢ W iz YL in] B 44 i B 1) 32222
WRE A TMV 38 i % H 4 5L PR A 91 o T o 1% 53
BRI AL R Tobamovirus (H— -8R 44
A2 H ReMV , 1205 8 7678 [N T4k 35 Hh v Ay
A Ml O AR (B2 AE,2009) o T A R AR
A7 DX M H i R T TMV FTCMYV (CE 4%
2006) , Jb 5T T HL BT CMV FIBBWV2 & 412 4% (]
FAF,2010) , Ll PG4 1 RS DU 2] T ReMV Al
YoMV (i Pttt 2013)

2021 4F B a4 (2021) B Ik BRAE H SR & 1F
T CCYV REfR YL M ¥, 2 i B T KR d R
Closteroviridae BT N5 5 )& Crinivirus 8 B, 5
WKy B\ Bemisia tabaci V)45 A J7 2 A% #% (Okuda et
al.,2010), ZWeEE A EVUFEIERAE , FER YN B
JICPY IR B I 22 JICR PG & 2 4 Z2 il 2 RHE )
(Gu et al., 2011 ; Bananej et al., 2013 ; X1t 45, 2021) .
CCYV LK 4 1 RNA1 FIRNA2 H 25 1F X i RNA
ZH %, RNAT K JE 20 8.6 kb, 2245 4 4> I 7l 1) 12 4E
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(open reading frame, ORF ) , ORF 1a & fith H S 5% F2 fifg
FIRNA fi# B , ORF 1a i i #1556 1% 75 5] ORF 1b,
ORF1b i i< RNA [ RNA %4 i (RNA depen-
dent RNA polymerase,RdRp) , ORF2 F1 ORF3 47-J!| 4
%56 kD 2 [ (P6) F122 kD 2 11 (P22) ; RNA2 K J£ %)
8.0 kb, A7 8 4~ ORF, 4 Ik 4 % 4.9 kD & [
(P4.9) .70 kD #i#% #& 1 (heat shock 70 kD-like pro-
tein, Hsp70h) , P6 .59 kD & 1 (P59) .9 kD & [
(P9) .#h7¢ 8 [ (coat protein, CP) /NP7 8 [ (mi-
nor coat protein, CPm) £ 26 kD £ H (P26 ) iX 8 1~
Mo 20104F, HAR RIS T CCYV HRA B9
4 LR 2H 41 (Okuda et al., 2010) , B o E (5K i
4 ,2012) . LA{4.31) (Luria et al.,2019) . 24 [ (Kava-
lappara et al., 2021 ) 45 [F] 52 2= 35 43 51 A LB K
PERAIPE#Hi B3] T CCYV WA FE R4 751 (X
B, 2013; T4 F 4 ,2019) . 2021 4F, JE 7 45
(2021) % CCYV Hi &8 73 BS I CP AL #E4T 1 ve ke
FUFHN 5T ABXT 12000 B 1 1 2 ] 1) % AR A7 0 A
O3 A B HEE PR A R AE Ao TR S SR R AT IR A
.

kit — 25 B CCYV 76T 1 44 b ¥ 3 7= X 1
Oy A TGO, BT R CCY'V 1B 43 525 W 1 3k (R 4
TN 73722 FAE O, AT ST 00T B 44 3™ X U8
B HL AR i CCY'V HEAT w8 38 1 7 4 M A s
e Sk B 4 5% 3X 2 )V (reverse transcription poly-
merase chain reaction, RT-PCR) #:lll , #] 75 [z CCYV
M H oy B AL AT 81, FEXNZIR R I R A
CP 1 P22 Fe A BT 5078 S AN R GE A 53 #r , LA
$99A Ml v M B2 1 Y B P B (AR
1 MREFE
1.1 #F#

BRI AR 20204F 6—7 H AR A TR B R
TEEL 18 ) FIFE =B (5 43 ) (apy EL VU B (5 £73) Fl
KEFS55) BEM TR (17 40 R EHA 1L
| B A R o S5 L TR R ) b #E00 AR 60 17
O3B 24 M EE L 1~BE i 60, F =70 CUKAR P ARAT,
M. DIZERKR RN # U i v BT
R, JI5 B b 2 AR PR I B R A RO B A PR
FEflt

LB 1532 3 AR 110 10 g B R BUY 5 g
fE#h 10 g, H NaOH 3 pH £ 7.0, HE B F/KERE
1 L, T 120 CEEZE7A KA 25 min,

TR AR - AL A RNA 2 BGA 7] £ . DNA I

DS G AN TR N i Rl 3R R &L AR T A TR
( i) By A B2 2 A 5 PrimeScript™ 1st strand
cDNA Synthesis Kit, LA Tag DNA 3 45 /i . T4 DNA
FERERF . pMD19-T 2844 F1 DL5000 2> T dnife , 52 4E
YRR CR3%E) A BRA W s RIGFTF T Escherichia coli
Z AN TG, AR 250 23 il 2 3 A0 1 Ay i 1
ol [#] 7= 43 #r 4l . 96-Well Thermal Cycler PCR 4 44
%, 3¢ [&] Thermo Fisher 23 ) ; 1-16K &5 .0 1., £ ¥
Sigma /> 7] ; Tanon1600 %I % i AL R 45, i K RE
B A R F] ;DY Y-6D B IKAL, AL s — A Wk}
4 PR\ F] s NovaSeq 6000 Iy~ 15 , 22 [ Illumina
AT
1.2 FHi&
121 B FECCYVHZ vt &l a5 Fo 547

DL 60 {73 1 B - A i, 0 il B D
R HFTIR G, B R R 2 R AT 5 RNA 4 HUR
B S ] SCEERY . fd ] NovaSeq 6000 il 7> - &5 X
TR G S A 7 e 3 10 5, X D0 5000 24 7 Ak B R
BHE X BEEAS 3 1Y contigs #E4T BLAST XT3 #r
AR
1.2.2  3E e PCCYVHIRT-PCRAE M

Sy BT R A 7 X L [ CCYV R AE R
At , 43 5K Fil CCY V-CPF/CCY V-CPR 1 CCY V-
P22F/CCY V-P22R W5 [ (% 1) %o SR 4 1) 447 3
O A i E T RT-PCR AN, 51985 2B TAEY)
AR B A BRA Rl e B FR U B
FEM 29 0.1 g, 70 A P AFE UM K, ¥ BRAE ) 5
RNA $2 B & 3 B B2 UE RNA, =70 CUK4E
HARAF, £ H o FIFH PrimeScript™ 1st Strand cDNA
Synthesis Kit i 1] & #£47 S 5% 5%, 10 pL S 5% s AR
# : 5xPrimeScript Buffer 2 puL . 10 mmol/L dNTP
Mixture 1 pL | PrimeScript RTase 0.5 pL,RNase In-
hibitor 0.25 pL RNA#H 1 uL . F#HE5 14 1 nL (4535
& CCYV-CPR 1 CCYV-P22R) , H} ddH,0 %} & &
10 uL ; 42 CARE 60 min, 16 CR 5 min, $f cDNA
T-20 CURFEHIRAE, #5H LA cDNA AR 47
PCR#zllf . 20 uL PCR W {A& % : 2xPremix LA Tag
DNA %47 10 pL.cDNA 1 uL. | F##5 1414 0.5 uL,
ddH,0 #ME % 20 uL, PCR Y1 5514 : 94 CHIAE M
5 min; 94 CA814: 30 5,53 CiR K 30 s, CP 1 P22
(KI5 72 “CHEAf 1 min, 30 MEEF ;72 CFRAE( 10 min,
4 CIRAF . Y IE W2 1% SN W e I v vkl , )
FHRE IR &kt H ) 5ty AT R alidb . 4% iR
pMDI19-T 1A 36 BT 456 2l 4k 1 5 9 v B3 il 5
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pMDI19-T AR 12 , i £ = W5 Ak 2 KT sz
AHNH TG . PRI TR Y% 2 Fh 3] LB Br 53,
37 °C.220 r/min FHEH; 10~12 h, F|H PCR i fH

PEVERE , A i BEREHLIE I 3~5 A P s ik 2= 4=
TAHY TR (L) B A7 PR Rl EA T I

x1 AFyiEcCeYVERA.CPFP2ERAFTINSIYFF]
Table 1 Primer sequences used to amplify CCYV genome, CP and P22 fragments

PR B EIE B4 5197 H1(5—3") H R Beoh
Amplified fragment Primer name Primer sequence (5'—3’) Expected size/bp

RI-1 RI-1F GGAAATCAACACTCCTTCGTACG 2 660
R1-2660R CTGCCACAGCTTTCGGATGCATGTC

R1-2 R1-2470F GTTGTCGAGCACATGAAGATAAAG 2510
R1-4980R GTCCATTAAGTCATTGTCAATAGTG

R1-3 R1-4750F GAAGTTACATGATGAGTTAGGAAGAG 2 540
R1-7290R CATCCTCTGCGCGTCTGGTGTCACTC

R1-4 R1-6950F GTTCACAGAGTACTTCACTAGATAC 1 660
R1-8610R GGCCTAGCTATACTAATAACTAGTC

R2-1 R2-1F GGAAATTATCCACGGTTTCCCCGAG 400
R2-400R GACAACAATGCAGGTACGTAGTAG

R2-2 R2-240F CGCCTGCCACTAAACAAGGCTTTAGTC 2290
R2-2530R CAGACTGGACTGCATACGTGCAC

R2-3 R2-2070F GAGTTGGATTCGTGCATTGAGCCG 2290
R2-4360R GTTACCTCTCAAATTAGCCCACTGTC

R2-4 R2-4040F CCAGTGATATACCACCACCACTGAG 2430
R2-6470R CGGTTTAGGGACTGGTGGTACTGG

R2-5 R2-5900F ACAAGTTCAATAACACACACTCAC 2 140
R2-8040R GGCCTAGCTATGCTACTAACTAGTC

CP CCYV-CPF CTCGATCTACATTAAATATGGAG 795
CCYV-CPR TCTTCATAAAAATCTTTGCTCTC

P22 CCYV-P22F CAACTACAGGAATATAGAAATAG 690
CCYV-P22R TGGATGCTATTACCGAAACAAC

123 CCYVHEH 4 B2 RMA3] L%

R i e 308 o I P DF 45 2R S GenBank H1 % 5
() CCYV HA /B Wi 4 FE 2 P 51T T 9 X
S (RD, 5I T E TAY TR (L)
e A BRA T A . M CCY'V RIS 5 | S HURE
i 60 KL, 435I L R1-8610R 5%, R2-8040R K5 |4
AT RUIG Sf SN, OB AR 3R e A5 R) 1.2.2, 43 511
FHR1-1F/R1-2660R .R1-2470F/R 1-4980R ,R1-4750F/
R1-7290R. R1-6950F/R1-8610R. R2-1F/R2-400R .
R2-240F/R2-2530R , R2-2070F/R2-4360R , R2-4040F/
R2-6470R F1 R2-5900F/R2-8040R JLX 51 #) (55 1) H"
B CCYV ML B 5y B W N R JE R A 7 B, Horbogy
4 Byl CCYV LB 73 B9 RNAT 1Y 42 5L A 41 7
G, 453 5 B il CCYV HiHE 43 B ) RNA2 1) 4 5L [
475, RT-PCR [ W AR R AR 1.2.2 D)7 58
B, BHERAS CCY'V HiLHE 43 55 4 10 32 H 4 2 7

51| B 751 $2 28 2 GenBank
124 3b#E A PCCYV CPAP223 A 5 57
FIFHH DNAMAN 6.0 #1443 5 % 1l 2 9 it rr 3R
15 214 CPIEHAFN 174> P22 3K 5 GenBank H1%
SR HA AT 3203 B WA T AT IR RN R — B e
XF 43 #5 5 F ] MEGA X 10.0 % £ (Kumar et al.,
2018) LA KAUSRIE 43 IR 36T CP R P22 A% 1T iR
JP A 2 G2k B M, 47 1 000 1K Bootstrap &
W o
1.2.5 CCYV3u 4 &4 A K R4 55 547
FIH DNAMAN 6.0 #Xf4:%F CCYV i # 53 E5 )
5 GenBank "8 5% 1) HAD 2 32 43 B W) K T T oAt
i 2 =2 [ 1% 42 35k DR 2 P 9 A% 1 e A Sk i — bk
HEAT X204 s FF MEGA X 10.0 #F: (Kumar et
al., 2018) K H fe KA 8K 125 43 ) i) i 35 T L IR 4
RNAI I RNA2 ¥ H R T 9 0 R G kB W, 4T
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1 000 ¥X Bootstrap 5 5 K 1 .
2 GRESH

2.1 BERCCYVHIRh BRI 3 R AN F 54
JEYL CCYV [ Hb B 28 5% SN Iy, He3kAs
T 27 664 949 4~ clean reads, 25 H48 T K JE KT
200 bp %) contigs 3t 109 180 5%, i 1% 3] 5 %55 27 7] I
i contigs 3£ 53 45, BLAST X/ #r&s R Wos, 5
BBWV2-RNA1 —ZU 45 19 contigs A 2 7%, — 8%
I Bl M 78.529%~95.28% , 5 BBWV2-RNA2 — £ 4
B 1R 1Y contigs A 7 4%, — BR[O 84.35%~
95.28%; 5 ReMV — 2145 1 1) contigs 4 6 5%, —EK
K 97.109%~98.48% ; 5 YoMV — B 1 45 55 1Y

contigs 7 3 &, — 3 [l 4 95.34%~99.36%; 5
CCYV-RNA1FICCY V-RNA2 —#M45 1Y contigs 4%
F 25, — B HRIEE K 99.62%~100.00% , =B B4
My B RE S T ReMV . BBWV2, YoMV Hl CCYV
SN TE , RIS A AR A — SE AR 2 43 S ML 1
BEIPINCRKEHR) .
2.2 HEFMHPCCY VR

TE 60 e A 22 R 1S T CCYV
() CP IR (KN R 795 bp) P22 HE K (K /N Hy
690 bp) (1 H By 45741 , K 1 38 36.7%, HAERE (i
P BN & N T 3 KA A (R 2) . BEALE
HUAA B A2 0 21 O FE S () CP 3K BRURD 17 1 B 5 1)
P22 FE P B ) S A T s B

R2 AEEAHEHCCYVHRT-PCRENLER
Table 2 RT-PCR detection of CCYV on Rehmannia glutinosa in Henan Province

SR Hb AR KA 1] K FHPEAE: Al B K 58
Sampling location Sampling time Number No. of positive sample  Detectable rate/%
#HE 507545 Wude Town, Wen County 2020-6-10 18 6 333
B HL K H Dafeng Town, Wuzhi County 2020-6-10 15 2 133
P HL VY P HE Xitao Town, Wuzhi County 2020-6-10 5 0 0.0
B4 24 Xiangyun Town, Wen County 2020-7-08 5 4 80.0
& N 173K 4548 Zhangde Town, Yuzhou County 2020-7-14 17 10 58.8

2.3 HIEFBMHHFCCYV CPAIP2EREFE TS

CP  H 78 e Xt a0 Ar 4 SR R, 21 4~ CCYV
Hiy 53 B ) 22 ) B R R N R — OR300
99.3%~100.0% F11 98.4%~100.0% , 5 H: Al 43 &5 4 2
() B9 A% 1 R RN R 7 51— B0 4901 8 94.6%~
100.0% F196.8%~100.0% ; P22 55 11 FF51) b %73 B 4%
R, 174 5 B W) 2 [0 AT TR PN SE 1R
H1)— R4 51K 98.4%~100.0% F1 96.3%~100.0% ,
5 HA A B Z 1A A% AT R RN 2 B2 7 51— B0 41
514 96.1%~100.0% F1194.1%~100.0% ; 2% F Frik , Hb
BH CCYV 1Y CP I P22 3R FEAR ST R —3X
RIE98.0% LU I,

T CPEABITRIT I R k& W s
IR, CCYV A 73 B WIE B 2 443 32, AR BF5E Y
21 MBS B 5ok F SRR L HAS  RLEST DL IR
] At b DX RIS P I R IR 0 27 1903 S ) 2R
R—AG3 3 RG5>k A DRI
SEMRNF DL (E D), BT P22 EAZIT
TR 75 0 R G K B W g 3 won , CCYV ARl 4
BV L2 A 53 32, ARWE SS9 17 4 H i 43 25 )
5k AEE . BA  LLaF] LR F [ H A H X
PO R JRAIPGEH _L5 BERA— 3, R %

KRB 52K F VPR BT HiAR B ICRE IR LY 3 43 85
YWIERT— /Ny 3 (F12) o
24 CCYVHIESEMEERARFIIZE

P H Y 2 R MRS R UK T RS T 4R K
INGF B2 R 2 660(RNAL-1) .2 510(RNA1-2) .2 540
(RNA1-3) .1 660 (RNA1-4) 400 (RNA2-1) .2 290
(RNA2-2) .2 290 (RNA2-3) .2 430 (RNA2-4) I
2 140 bp (RNA2-5) 1y H iy 4547 (K13) o dd 3 ek |
WM A PEESRAS T CCYV HL B 43 B W 1 4 L R 40
FE31 %5 B RNAL FIIRNA2 4 K43 5124 8 607 nt
F18 041 nt (GenBank % 53 5 43 il 7 MW 768903 I
MW768903) , 4wt 8 15 CCYV HAh 3 24—,
RNA1 4354t ORF1a(5 961 bp) .ORF1b(1 518 bp) .
P6 (159 bp) Ml P22 (567)4 4~ 11, RNA2 4K UK 4 i
P4.9(132 bp) \Hsp70h (1 671 bp) .P6(165 bp) P59
(1554 bp) .P9(240 bp) .CP(753 bp) .CPm(1 425 bp)
FIP26(642 bp)8 M .
25 CCYVHENBENMEERARIIRRZELEH

JE T L] 20 RNAT () BLAST 23 #r &6 SR 8w,
CCYV Hb 3553 B9 (GenBank & 555 MW768903 )
5ok A b mt # R 5% ) (GenBank % 5% 5
JQ904628) FiI>k [ 5 1 HIT K L % 532 ¥ (GenBank
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BRSO IN641883) 1) — B R ey, ¥ 99.98%
FF L2 RNA2 [ BLAST 43 Hr &5 5% s, CCYV

M543 2541 ( GenBank % 552 MW 768904

25 &l K B 8 5> & ) (GenBank Xf 5% 5 N

)5k A RNA2 HAZ% H iz

MHS819191) (1 —3 = fe 5, 99.99%, CCYV #ims K b BEERST .
B 4 L R 4H 7 %)) 5 GenBank H & SR 1 HoAth

99

CCYV-ShangHai/K'Y400633/Muskmelon/China: Shanghai
CCYV-Yilan/IN126046/Muskmelon/China: Taiwan: Yilan
CCYV-SD/MH819191/Muskmelon/China: Shandong
CCYV-Beijing/]Q904629/Cucumis/China: Beijing

® CCYV-Rg60/MZ542496/Rehmannia glutinosa/China: Henan
® CCYV-Rg52/MZ542491/Rehmannia glutinosa/China: Henan
® CCYV-Rg49/MZ542490/Rehmannia glutinosa/China: Henan
® CCYV-Rg45/MZ542489/Rehmannia glutinosa/China: Henan
CCYV-HeNan/KY400634/Muskmelon/China: Henan

- ® CCYV-Rg42/MZ542486/Rehmannia glutinosa/China: Henan
® CCYV-Rg44/MZ542488/Rehmannia glutinosa/China: Henan
® CCYV-Rg41/MZ542485/Rehmannia glutinosa/China: Henan
CCYV-Rg39/MZ542483/Rehmannia glutinosa/China: Henan
CCYV-Rg32/MZ542482/Rehmannia glutinosa/China: Henan
CCYV-Rg25/MZ542481/Rehmannia glutinosa/China: Henan
CCYV-Rg14/MZ542479/Rehmannia glutinosa/China: Henan

0.05

99

63

CCYV-Rg2/MZ542476/Rehmannia glutinosa/China: Henan
CCYV-Rg43/MZ542487/Rehmannia glutinosa/China: Henan
CCYV-CC-XH/MT048669/Zucchini/China: Shandong
- ® CCYV-Rg40/MZ542484/Rehmannia glutinosa/China: Henan
- @ CCYV-Rg5/MZ542477/Rehmannia glutinosa/China: Henan
® CCYV-Rgl5/MZ542480/Rehmannia glutinosa/China: Henan
o CCYV-Rg58/MZ542494/Rehmannia glutinosa/China: Henan
® CCYV-Rg59/MZ542495/Rehmannia glutinosa/China: Henan
CCY V-Japan/AB523789/Cucumis melo/Japan: Kumamoto
CCYV-XinlJiang/KY400632/Muskmelon/China: Xinjiang
CCYV-CaF1-523 1/MW629380/Cantaloupe/USA: Georgia
CCYV-IL/MH477612/Watermelon/Israel
CCYV-TW/KY618799/Muskmelon/China: Taiwan
CCY V-Erlun/IN126045/Muskmelon/China: Taiwan: Yunlin
® CCYV-Rg55/MZ542492/Rehmannia glutinosa/China: Henan

°
°
°
o CCYV-Rgl2/MZ542478/Rehmannia glutinosa/China: Henan
°
°

59[ ® CCYV-Rg56/MZ542493/Rehmannia glutinosa/China: Henan
CCY V-lvanakey/KC577202/Muskmelon/Iran

@QCCYV-BuShehr/KCSWZOl/Muskmelon/lran Group I1

73L CCYV-Varamin/KC577203/Cucumber/Iran

LCV/NCO012910/Lactuca sativalUSA

PR BTSN BRI 1 73 B ) 4 R 65 53 1

BYDV/NC010561/Phaseolus vulgaris/Spain

The order listed in figure is isolate name/accession no. /host/source.
E1 ETCPEARTRFIIZRARACUAZNECCYVSBNNRESRL BN

Fig. 1 Phylogenetic tree of CCY'V isolates constructed using maximum likelihood method

based on the nucleotide sequences of CP

e N o MR Y T e S e N TN R P e
7N, CCYV M8 43 5 1) 5 FLAt 43 25 ) Z ] RNA1 A1
AR 99.70%~100.00% , F W]
AN TR) 2 32 6 VR RN AN [] 3t B3 A il CCY'V 7R JE R 40

Group |
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CCYV-TW/IN641883/Melon/China: Taiwan: Yunlin
CCYV-CC-XH/MT048668/Zucchini/China: Shandong
CCYV-TW/KY618798/Melon/China: Taiwan
CCYV-XinJiang/KY400635/Melon/China: Xinjiang
CCYV-ShangHai/K'Y400636/Melon/China: Shanghai
CCYV-SD/MH819190/Melon/China: Shandong
CCYV-Beijing/JQ904628/Cucumis/China: Beijing
o CCYV-Rg59/MZ542512/Rehmannia glutinosa/China: Henan
o CCYV-Rg58/MZ542511/Rehmannia glutinosa/China: Henan
o CCYV-Rg2/MZ542497/Rehmannia glutinosa/China: Henan
o CCYV-Rgl2/MZ542499/Rehmannia glutinosa/China: Henan
o CCYV-Rgd0/MZ542502/Rehmannia glutinosa/China: Henan
CCYV-Rg41/MZ542503/Rehmannia glutinosa/China: Henan
CCYV-Rg43/MZ542505/Rehmannia glutinosa/China: Henan
CCYV-Rg49/MZ542508/Rehmannia glutinosa/China: Henan
CCYV-Rg60/MZ542513/Rehmannia glutinosa/China: Henan
CCYV-Rg5/MZ542498/Rehmannia glutinosa/China: Henan | GToup 1
0.20 64] CCYV-HeNan/K Y400637/Melon/China: Henan

48

CCYV-Rg45/MZ542507/Rehmannia glutinosa/China: Henan
CCYV-Rg56/MZ542510/Rehmannia glutinosa/China: Henan
CCYV-Japan/AB523788/Cucumis melo/Japan: Kumamoto
CCYV-CaF1-5231/MW629379/Cantaloupe/USA: Georgia
CCYV-IL/MH477611/Watermelon/Israel
CCYV-CF1-5251/MW629381/Cucumber/USA: Georgia

“ CCYV-p2-2S/LR585223/Cucumis sativus/Saudi Arabia

® CCYV-Rg55/MZ542509/Rehmannia glutinosa/China: Henan
o CCYV-Rgd4/MZ542506/Rehmannia glutinosa/China: Henan
100f ® CCYV-Rg25/MZ542500/Rehmannia glutinosa/China: Henan
® CCYV-Rg39/MZ542501/Rehmannia glutinosa/China: Henan
o CCYV-Rgd2/MZ542504/Rehmannia glutinosa/China: Henan
601 o
°

99] CCYV-p22-4S/LR585221/Cucumis sativus/Saudi Arabia Group II
971 CCYV-p22-6S/LR585222/Cucumis melo/Saudi Arabia
BYDV/NCO010560/Phaseolus vulgaris/Spain
LCV/NCO012909/Lactuca sativa/USA

[l F T8 P 5 SR 43 B WD 44 FR 1B 5355 /25 /2K R . The order listed in figure is isolate name/accession no. /host/source.
B2 ETPREARERFIFZASRKIURZINECCYVAEYNREL TN

Fig. 2 Phylogenetic tree of CCYV isolates constructed using maximum likelihood method based on nucleotide sequences of P22
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M: DL5000 marker; 1~9: 4354 RNA1-1~RNA1-4 , RNA2-1~RNA2-5 444 A Bt .
M: DL5000 marker; 1-9: amplified fragments of RNA1-1-RNA1-4 and RNA2-1-RNA2-5, respectively.
B3 CCYVittE S BMERMATRREF B RT-PCR=Y)
Fig. 3 RT-PCR products of different genomic segments of CCY'V isolates from Rehimannia glutinosa
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BT CCYVIEHFA RNAI T RIT I ERN R X, 4 CCYV W5 B E RS £ (lettuce chloro-
Gk B R B, CCYVHLE DB S0 sis virus, LCV) BSR4 R (K 4-A) . BT
ERHAZ £ LA 124 CCYV A BYIE M —1/N  CCYV R4 RNA2 B2 P 1 i 22 40 K 5 B4 i
533, 5 BRI EE R AL 12 MR RE R Ay WASE] TAHFERZE R (K4-B) .

A CCYV-TW/KY618798/Melon/China: Taiwan
CCYV-TW/IN641883/Melon/China: Taiwan: Yunlin
CCYV-CC-XH/MT048668/Zucchini/China: Shandong
CCYV-Beijing/JQ904628/Cucumis/China: Beijing
CCYV-HeNan/KY400637/Melon/China: Henan
100| ® CCYV-Rg/MW768903/Rehmannia glutinosa/China: Henan
CCYV-ShangHai/KY400636/Melon/China: Shanghai
0.20 CCYV-SD/MH819190/Melon/China: Shandong
CCYV-XinJiang/KY400635/Melon/China: Xinjiang
99 CCYV-IL/MH477611/Watermelon/Israel
CCY V-Japan/AB523788/Cucumis melo/Japan: Kumamoto
100 CCYV-CF1-525 1/MW629381/Cucumber/USA: Georgia
97! CCYV-CaF1-523 1/MW629379/Cantaloupe/USA: Georgia
100 -—— LCV/NCO012909/Lactuca sativa/lUSA

- BYDV/NCO010560/Phaseolus vulgaris/Spain

77 L CYSDV/NC004809/Melon/Spain
— 51 TwVCV/NC038788/Tetterwort/South Korea
41 BPY V/NC005209/Nicotiana benthamiana/USA: Maryland

100] DVCV/NC038786/Diodia sp./USA: Fayetteville
Epavmcoos895/Strawberry/USA: Maryland
SPCSV/NC004123/Ipomoea batatas/Uganda
T' ToCV/NC007340/Lycopersicon esculentum/USA: Florida
I LIYV/NCO003617/Nicotiana clevelandii/USA
1001 TICV/NC013258/Tomato/USA

B CCYV-ShangHai/KY400633/Melon/China: Shanghai
CCYV-Yilan/IN126046/Muskmelon/China: Taiwan: Yilan
CCYV-TW/KY618799/Melon/China: Taiwan
CCY V-Erlun/IN126045/Muskmelon/China: Taiwan: Yunlin
CCYV-CC-XH/MT048669/Zucchini/China: Shandong
CCYV-XinJiang/KY400632/Melon/China: Xinjiang
e CCYV-Rg/MW768904/Rehmannia glutinosa/China: Henan
CCY V-Beijing/JQ904629/Cucumis/China: Beijing
CCYV-SD/MH819191/Melon/China: Shandong

100 CCYV-HeNan/KY400634/Melon/China: Henan
020 CCYV-Japan/AB523789/Cucumis melo/Japan: Kumamoto

100 CCYV-IL/MH477612/Watermelon/Israel
CCYV-CaF1-523 1/MW629380/Cantaloupe/USA: Georgia
48 L LCV/NCO012910/Lactuca sativa/USA

100 BYDV/NC010561/Phaseolus vulgaris/Spain
CYSDV/NC004810/Melon/Spain
TwVCV/NC038789/Tetterwort/South Korea
SPCSV/NCO004127/Ipomoea batatas/Uganda
ToCV/NC007341/Lycopersicon esculentum/USA: Florida

L | 100 BPYV/NCO005210/Nicotiana benthamiana/USA: Maryland
94 BYVaV/NC006963/Blackberry/USA: South Carolina
100 DVCV/NC038787/Diodia sp./USA: Fayetteville
— SPaV/NC005896/Strawberry/USA: Maryland
[ LIYV/NC003618/Nicotiana clevelandii/USA
T00L TICV/NC013259/Tomato/USA

100

99

Pl w2 N 2R Sk 53 B W 44 k6 515/ 75 22K .- The order listed in figure is isolate name/accession no. /host/source.
E4 ETEEERNAL(A)MRNA2(B)ZEBFIIRARKUAEZHNECCYV A BYNRELER

Fig. 4 Phylogenetic trees of CCYV isolates constructed using maximum likelihood method based on
nucleotide sequences of RNA1 (A) and RNA2 (B)



240 ZEHALLA R YL HL B R TSR SR B A T3 AL (R 2H) 7 91 s e K R et A o3 B 367

3 Tig

* E C HE M3 L fF F BBWV2, ReMV,
TMV .CMV . ToMV YoMV 1 CCYV % 7 Fii 5 (7
FA45,2009; XIS, 20185 B 4, 2021) , 33X L85
BEEH A H KA A RYe b Hb#  il™ HE fa .
A5 ) FH o 1 B AR TR B 44 34> 327 X
B A E] T ReMV . BBWV2, YoMV Hl CCYV
EL R, HE— L BT R A b B R AR £
Pl 2 A R Y BIG: . LA K sl P AR E
BT ZMEY) B AR FE K (Maclot et al., 2020
Fitzpatrick et al.,2021) . 5411 IfiLiE 2% 1 PCR 45
T A B B ARAE XS RE S TR B B AR VRN A1
0T AT X ZH N 22 B 5 R s A T — PR A
T 3 m ARSI A R R RS, 2021) , B
ARKRIRPLHAFN 2 B 1 FH i 55

Zhang et al. (2021) | 1 &1 8 & U )7 £ R (RT-
PCR F IR £ 928 W B % (enzyme-linked immuno-
sorbent assay, ELISA ) %5 J5 32 1 WKIIEIH T 78 H SRR
AT CCYV AR YL, 5 FAH Lb , A 5% SR A b
B AR ERE T 2 RIS T CCYV H
BB YIIE R AL 81, WS KT R T -
T ESMAG LRGN, Wi T CCYV 7EI 4
B T X R AE B A D 10 B AR e 48 b
PR X RS , 1 CCYV L RE A 1A N i #3
A\, Bt A ERASAGEAR B LA S AR R B 32 1) 12
FRAE I B ARG R A FfeE S AN, By
A Bk kB 7z, BT 2 7E R E 5 75 (Huang et al.,
2010) b ot (iM%, 2012) R (845 ,2017) .
TR A R ORI, 2013 ) Hrse (3 LM%, 2017) |
g (R AR AE,2014) L LA (GE5AE,2019) KUK
VG (Mg it 22 45 2017) %5 3 1Y 22 Fl 7 40 B 4G ) )
CCYV. CCYV MM [ & B IRIRTEE, b 51 &
JEF L, T % H A TR S T A I

HareE O 2 Wb JTRg R L LR OB ss
A (X ) 3R CT 345, 2019) LRI Ol
2013 JGEREE,2019) 35 K (204, 2017) AT
FP LARAS T CCYV A FE R4l 3, i i X AN TF)
A E AT R PR B CCY'V 43 B 1) 4 FE R 24l 90 47 b
XA AT 22 Bk S 43 B ) 1 2k DR 20 R/ NS A ], 4
PRIZHTEAZ KT L BEORST e A8 AR/ %
PR —SORIAE 99.00% L b o ASHFIE B RN\ HLEE |
AT T CCYV B LR 475, X s

G AR (2017) FBGE B (2019) FE4fE — 5,
BRI CCYV HEAAR AL AR/ 3 A R T Hi At
BH T E RS UR R A -
AURAGZH XA T 48 1 b R A T I A
R FAFTEAENT AEEk K B AT AL
Wi T 28 22 bRtk , ELAE R R SR 35 ™ 2 2% AN A
], th T AP R 2 M T R S R YR, X SEhE
AR A 2 R FE 5 R 1, CCY V Bt e i
BA] 3 AT ASE R X S R AR A 1R g — D AR
B, AWFSE AR A0 3] 22 Fob 2 i o 2 A S AR
TR RERT AN IAFAE CRIGE ) , N — 20T INFE it R A
Hi DX FERAEECEE , O RAERE G EA T 20748, WA
SERGRETEHL B FARTEY A A A AN E AR O, ST
B AN [ 7 DM B B TR A R e A DL AL 34 25 5
XoF G 0 3] ) B B0 BE BT A IR AT TR BT 1 (rolling
circle amplification, RCA) ,PCR 55 D 4 A5 H 3 [K 2]
A7 A, DR R PR A S5 A R IR RN O 2 A6 55
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