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The genome and infectious clone of papaya ringspot virus melon isolate
LIU Liming', PENG Bin', KANG Baoshan'’, WU Huijie', LIU Xi', GU Qinsheng'

(1. Henan Key Laboratory of Fruit and Cucurbit Biology/Zhengzhou Fruit Research Institute, Chinese Academy of Agricultural Sciences,
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Abstract: Papaya ringspot virus (PRSV) is one of the most important viruses in cucurbits crops. In this study, the
genome sequence of melon isolate HaNHK 10 was cloned and analyzed, and its full-length cDNA infectious clone was
constructed. The results showed that the genome of isolate HaNHK 10 was 10 332 nt in length, and the identities of the
genome nucleotide sequence and amino acid sequence between HaNHK 10 and other isolates were 74.60%-97.80% and
85.30%-98.50%, respectively. Phylogenetic analysis based on genome sequences showed that HaNHK10 and all the
isolates from China were clustered in group II, and zucchini isolate PRSV-SD from Shandong province was most closely
related to HaNHK10. The inoculation showed that the infectious clone was successfully constructed, and it could
systematically infect melon, cucumber, watermelon, pumpkin, zucchini and bottle gourd. The progeny produced from the
clone was infectious by mechanical inoculation.
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LBV EHME TEE B R 2 R SR T A E LR
KA AR 710 5 ] 22 [ g D R 45 [ 3
KA, fERE, B 1964 4 PRSV 7E 47 Hh X T
CHRAT RS, H AT O/ BT R 7.
FEEE I ZR TR 2 R DY )1 S R A0, 5 R
ORI 5 R E 9 () A2 77 12 B ™ EE A 2K o

Har, WA CiliE 77 2 A A s B R IR Y
PRSV 73 B4, #3515 T WL 0 B3R AT
FifzE Qo2 @ b R B PRSV A [F] 4 5 bk
55 BRI A 35 IO AR M 20 (B 5 bk R
Ry AR A S B HT NCBI $04 A A 1
PRSV A3 KA F 515 B, R I AF) | 5 AR
P ERIE N W R R, 4 B R  BN
13,34 />, S5 75 BF R s R IE (356 2 N
Yy, B350 P HRR 1B EHRIE 1) 21 A B AL
A 4NN W BRR, B Z 0 WA FIPE & 8] gk
WK ZR AT T 2 (1) 4 2 R 40 5 A1) 08 =2 4320 o
TREMRER 4 W KRR, AT FRIEFE LRE, B
1353 500 43 85 18 v IS 75 A AN 22 X, H A G R
SR AERERAFIEE . BT IR
BT EZ MMM ERR, REGHER AN wER
KEE, £ PRSV Ry T M E ST, BT A
FC I A4 2 PRSV-P #k & HN-1.HN-2 1 YK 43 554
DL PRSV-W ¥k % SD A1 CI 20 B ¥ 112 Gtk 7o e
[PIARIE" . IFF 3 RIFEE , PRSV-P bR R0 5 H
F AN, PRSV-W Fk &R SD 43 B4 43 &5 H V4 & 14
W-CI 7 & H 22K, H 5 ¥ & PRSV-W & K73 = 4
12 G P v I 1 2 1 A DGR

SEFEAE 2017 I HT  RHE YD B899 R A A
Vi T A8 U I T R B2 3 —#k PRSV-W ElIN4r 2540, ¢
H Ay 4 4 HaNHK10™, DLk oy 34l , 28 % @ il

RT-PCR # #83R 5% 70 B = B R 2P 971, JFxh
BEAT P 51 U AT 2R Ge 3t Ak 73 v » (] s 0] P T 5 B 2
RIS FI 1% B 4K cDNA el ilid Bemhi 46
BT AN R TRV L AR Gt e ICRAEY) L
TRz R B LA 737 BOm PERT FE SR AR5 .

1 ARSIk

1.1 ##

RIS T 2021 4F 4—9 H 78 A B b Bl 2 Fe 46
JHERABIF 7T T HEAT , PRSV-W 43 254 HaNHK 10 K4
T R 4 M T R AU R R AR . AR IA 3K
A pXT1 H R 5 ARV K 2B /N SR B A5
1.2 HikHE

2y 0.1 g @RI M 7 24T & RNA 42X
A1 cDNA [ & B, B Ak #: /E 2 1 RNAsimple &
RNA $& Bk 71 & 1 PrimeScript™ RT reagent Kit
with gDNA Eraser ] & ¥ B 5. M GenBank %k
R R 8k PRSV A FE R AT 41, 85 Eexst 4 dr
3 A 57 P %3 3 %514 P- 1F/P- 1R P-2F/
P-2R.P-3F/ P-3R(F 1), LA B cDNA AEHR , K5
53 BS540 HaNHK10 4R 20 70 pl 3 Braft AT 97314,
FH NEBuilder /& f£F DNA 4125 TR 0K 3k 151
34~ PCR Y154 Stu 1 1 Sma 1 XU U b 22 1) 4
WIFIEFAR pXT1 HEAT [V =4 e Ak Jii e A e
B4, 3K15 5 A HaNHK10 4L K 2H ) cDNA 50 [
pPRSV-HaNHK 10.

1.3 F3aH

X} pPRSV-HaNHK 10 A7l F7 73 #r At 422 , 3%
4 HaNHK10 7 ZE W1 R K A7 5. M GenBank
s P N 8 76 S5Ok B ANE E X ) PRSV 73 B4
() 4= 3L R 4 7 51, A ClustalW 8048 2411 5

F1 WEAY
Table 1 Primers used in the study

ElEZEAR S

Primer name

JF511(5'-3D
Sequence(5'-3")

Hlig&
Usage

P-1F GTTCATTTCATTTGGAGAGGAAATAAAACATCTCAACACAACACA ¥1% pPRSV-HaNHK 10
P-1R CACGCCAYTCTTCCTGCAA Construction of pPRSV-
P-2F TTGCAGGAAGARTGGCGTG HaNHK 10

P-2R CAAACCACRGAAGCTATRCC

P-3F GGYATAGCTTCYGTGGTTTG

P-3R TGGAGATGCCATGCCGACCCTTTTTTTTTTTTTTTTTTTTTTTTTCTCTCATTCCAAGAGGCTCG

P-5480F GTATGGCTTGCCTGTCATG RT-PCR il

P-6980R CAAACCACAGAAGCTATGCC RT-PCR detection
P-9673F GGTTTGGTGTATCGAAAATGG PREF G 1

P-T7-10045R  TAATACGACTCACTATAGGGACTGACACTGCCGTCCATTC

Probe synthesis




% g7 denl th K3 37%

O

HaNHK 10 7r & Y3047 5 EL X, F BioEdit #44F8E 1010 AR SR AR B k47 1F %, 3 5k EE 4 5 =0 e b
TR AR R SR T 5 BE ™. DA SR 78 T B AR bR . B P 5 AR B T 25~
JN 1€ M %5 #F (watermelon mosaic virus, WMV, 28 CCLRAF N AT REF% , WS AE R KR T I« TERERIR
AY437609) MHMH, BT PRSV AFE BRI REMEY o Bl R 6tk JE R E 3 IRER .
HixERIT A, B H Mega X B AF R A8 HVE fr R, REFEM AR R G KW R, SR HUH
(Neighbor-Joining, ND #EAT RG#E L 7p #r5, B v & RNA, # F HiScript®) II One Step RT-PCR Kit

1000 % . (Dye Plus) PA P-5480F/ P-6980R 514 ( H [ A B
1.4 EMXEAFESEN K REZ)28 1500 bp) X 9 B (4= G 1 Sl 247 ka0, [7)

PRI T 2021 4F 6—8 HAE R E AR B BL P-9673F/P-T7-10045R 514, %} HaNHK10
Bie 00 M SR AR it 7 BT 7 TG IO S 4 i AL JERIZH 9 673~10 045 nt X3 TH 14, PCR =44k
AT Hod EURE RO BB RO R . AN SSRGS SERRIL T RNA %, DRI dot blot
B e 2 JICHE 7 oD 4R At s S MO B 4 5, 0 D7 vEdE— P A AR AR Fy i PRSV R Gt 10
B R ERHE RO B A A PR A F 5 78R F R 4L "
FIF W E T MR B AT IR A < B R 2 GRS T
SEAR, AR AEME A R AR PE#H R 2.1 PRSV 2 B4 HaNHK10 £ [F H LM 5 1
JIWRE T R A B R A AR AL A R 2 7] 5 5IUR PRSV 4354 HaNHK 10 FE[KZH 4 K4 10332 nt,
AN ERE 1S, TR R A B AL MMk GenBank % 3% 5 N OK465456 , £ % S'UTR (1~
BB T4 BN T 4R 5% . % pPRSV-HaN- 85 nt) Al 3'UTR (10 127~10 332 nt) , % i 1 4 iy
HK10 # NARFFHE B AR GV3101 H, R E R AR 3346 NRFETR A K1) £ K& [ (86~10 126 nt),
B A5 107 OB R A I B PN/ R R 3 2 2 E A UIEIE R 1 A E A5, B Pl
AL TAE R, DL RS S 2w I PEX I (CK),  HC-Pro. P3. 6K1.CI. 6K2. Nla- VPg. Nla-Pro. NIb.
BARTT1ES X F R S HR0E . e IO )5 CP DL J P3 #wfil X Py & id i +2 #2847 4E ) PIPO,
KR 7 1xPBS iz 8t r 522l BARRIRRA S wE 1 Bis.

Y/N G/G QA QIS Q/S Q/G E/G Qs Qs
5y N N NIa- 3’
- Pl HC-Pro P3 a CI S Nla-Pro NIP cP e
VPg
86 1727 3098 |E|4133 4289 6194 636516932 7646 9257 10 127
=)

(3550~3771)

= JTHE R R AR R DR 58— MR AL B, D HE 07 (RS 7 BER O T PR SR AP AL 1
Note: The numbers under the boxes represent the first nucleotide position of the different regions. The uppercase letters above the boxes indi-

cate the predicted cleavage sites.
1 PRSV £E%) HaNHK10 R EFE AL R EE
Fig.1 Schematic representation of the genome organization of PRSV isolate HaNHK10

2.2 PRSV 4 B4 HaNHK10 [F% 547 5T PRSV 4 3t R A A% H R ¥ 51 1) & 4t

P =8 T R EoR, 0 B4 HaNHK10 — fb b 45 SR B (B 2), iK1 77 /> PRSV 70
L H Al PRSV 73 B 2 MM B BRAMZIERTH a2 8, K kA B R KTE. B
— M 5N 74.60%~97.80% + 85.30%~98.50% o RZ R GEEMBF TG B ERETI
FEIX 53 B, HaNHK 10 S5 [ IR va d 2 1, SR b B 43 50 6 [ L 2 [ R B 1) B
7> B %) PRSV-SD (MFO085000) — FU It de i, i H R 70 S IR T, SR B RFIE ) 13 470 15
A IR T 5 —EU 73 A B 97.80%-98.50%, 5 A 2 MRETIH, RAHERN 13 M08
I E R B ) (MH444652) — FitEde A 12 DMERE T4, WH PRSV 7 55 5 H
K, I RME TR I —SUED N 74.60%. Mo BSR A B MM M. HAh, 14 mIA
85.30%. L H B RN 7 B o REAE— i,
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100 |100 , PRSV.CD-VA/MN203186/Mexico/Carica papaya

100

! PRSV-W-1/DQ374153/Brazil/ Cucurbita pepo

7 EU475877/India

9 une (Aundh) PS3-I/MF405298/India/Carica papaya

100f——— PRSV TG5/MT470189/Viet Nam: Tien Giang/Carica papaya

100 Meghalaya/MF356497/India: Umiam Meghalaya State/Carica papaya

100

100 (45C/KX655870/Australia/Cucurbitaceae
95 154C/KX998708/Australia/ Cucurbita
100153C/KX655866/Australia/Cucurbitaceae
100{ 23C/KX655861/Australia/Cucurbitaceae
43C/KX655869/Australia/Cucurbitaceae
93 §51C/KX655862/Australia/Cucurbitaceae
100 [l 55C/K X655868/Australia/Cucurbitaceae
100 J 4NT/KX655860/Australia/Cucurbitaceae
24NT/KX655871/Australia/Cucurbitaceae
38NT/KX655872/Australia/Cucurbitaceae
B9/KX655867/Australia/Cucurbitaceae
16R/KX655873/Australia/Cucurbitaceae
——TULI15/KY039583/USA/Cucurbitaceae
1 Mex-VrPO/AY231130/Mexico: Veracruz Paso de Ovejas
RSV-PTX/KY271954/USA/Carica papaya
LT[ E2/KC345609/France/Cucurbita pepo

~

PRSV strain P/mutant HA 5-1/MT470188/USA: Hawaii/Carica papaya
PG/EU126128/USA: Hawaii
@[ PRSV VR/KT275937/Colombia/Carica papaya
PRSV CH/KT275938/Colombia/Carica papaya
——Mild Los Rios/MT747167/Ecuador/Carica papaya

—_ 0

Fl

PRSV.CD-PS/MN203187/Mexico/Carica papaya

100|; PRSV.PC-VA/MN203183/Mexico/Carica papaya
0 PRSV.PC-OS/MN203184/Mexico/Carica papaya

100" PRSV.PC-PS/MN203185/Mexico/Carica papaya

100 MN364666/Brazil/Citrullus lanatus
100 PRSV-W-C/DQ374152/Brazil/ Cucurbita pepo

DEL/EF017707/India

160 HYD/KP743981/India: Hyderabad/Carica papaya
Pune (Aundh) PS3-H/MF405297/India/Carica papaya
87 Pune (Aundh) VC/MF405299/India/Vasconcellea cauliflora
60 Pune (Aundh) PM-H/MF405295/India/Carica papaya
100 —Pune (Aundh) PM-I/MF405296/India/Carica papaya
Pune/MH311882/India: Pune/Carica papaya

Palampur/MWO030522/India: Palampur Himachal Pradesh/Carica papaya

9899 BD-2/MH397222/Bangladesh/Carica papaya
93 WB/LC482263/India:West Bengal/Carica papaya

BSH0/MK988418/China/ Cucurbita
SK/KY996464/Republic of Korea/Cucurbita pepo
XM/KY933061/China/Carica papaya
BD-1/MH444652/Bangladesh/Carica papaya
—— AY010722/Thailand
——— SMK/MT470190/Thailand: Samutsakhon/Carica papaya

100~ A HaNHK10/0OK465456/China:Hainan Haikou/Cucumis melo
%PRSV—SD/MFOSSOOO/China: Shandong/Cucurbita pepo

100, TM4/KX655864/East Timor/Cucurbitaceae

85[1 TM3/KX655865/East Timor/Cucurbitaceae

100] TM29/K X655863/East Timor/Cucurbitaceae
100l TM50/K X655874/East Timor/Cucurbitaceac

TM32/KX998707/Australia/ Cucurbita

——— AY162218/Thailand
100~KF734962/China
93[ - EF183499/China
79 PRSV-LM/KT633943/China: Hainan Lingshui/Carica papaya HIT
0 HN-1/HQA424465/China/Carica papaya
PRSV-HNVb/KF791028/China: Hainan Haikou/Carica papaya
HN-DF/KT895257/China: Hainan Dongfang/Carica papaya
MF074214/China/Cucurbita
P-5-19/EU882728/China: Taiwan/Carica papaya
YK/X97251/China: Taiwan
CI/AY027810/China:Taiwan/Luffa aegyptiaca

99 | — AB369277/Republic of Korea
77 100;PrT3-AX-N-Ad6/1X448369/China: Taiwan/Carica papaya
1000 prT3-AX-N-Ph/JX448370/China:Taiwan/Carica papaya
1010 Ping-tong/DQ340770/China:Taiwan/Carica papaya
PRSVR3/KI755852/India/Carica papaya
prT3-AX-M-Ph/JX448371/China:Taiwan/Carica papaya
Ping-tong/DQ340771/China:Taiwan/Carica papaya
pfT3-AX-D-Ph/JX448372/China: Taiwan/Carica papaya

pFT3-NP/JX448373/China:Taiwan/Carica papaya

100 ping_tong/DQ340769/China:Taiwan/Carica papaya

Soybean mosaic virus/NC_002634

T ANASRIE T 20 ) -

Note: Aindicate isolates obtained in this study.

B2 ETF2EREFTIA PRSY D EMEKLE S

Fig. 2 Phylogenetic analysis of PRSYV isolates based on complete genome sequence
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B RHMEWI S o B R AR — R,
W] PRSV 7+ B8 5 Har EkEHMA B &
oA M. HoA, EHIRBM S E Y HaN-
HKI10 5 3k | o B L R 076 8 & 95 59
PRSV-SD (MF085000) 3£ 4 % & filt , © A 135 % T11
g
2.3 S BEYHaNHKI10 £4€ cDNA TR 21
¥ HaNHKI10 7 B #) ) c¢DNA 3 [&
pPRSV-HaNHK10 K AR AT B /5 [0 51 40 Sl 4 o

LN
Melon

Ey\

Cucumber

pPRSV-
HaNHK 10

CK

5 AL

[PIN

Watermelon

YN

Cucumber Watermelon Pumpkin

i 1N 1N = ) O = e 7 G 7 SO o 2
FifE 7 d Ao, @R ik kO G B 4 7= AR ik e
10 d 7645 BT AT BeRiE AR I AR SR S50 3 Ay B 2, B 3
R P T F JIR 6 5 7 R TBE F AR AR T 46 7 A 4 4
BUAE IR , 14 d I P AT PR 38t I 0 S ek
(& 3-A). RT-PCR #1 dot blot il 45 53k —4iF s
T IRIREMRIIHE PRSV iR 4 (] 3-B~C) . it EE
PEFEFR 7 TR i - gt — 2 Mt IO 7 I
TR, REUAERER G 1~2 J& P AT e RiAE R 2T Pl R0

[E2))IN
Pumpkin

UK
Bottle guard

RV
Zucchini

(LN LE LN

Zucchini  Bottle guard

ﬁE‘fQﬁZ‘J‘ 1 Melon
bp MPosmvle A CK
control ypecieq

A cK
Infected
2000~
1500-

1000-
750~

500—

250~
100-

IoF P %o H

C Positive

AKX #K DI

Hf CK
Infected

[Z2])N

Melon Cucumber Watermelon Pumpkin Zucchini  Bottle guard

&R CK
Infected

HA CK R CK
Infected Infected

e FUK

control

-

Infected Infected

Infected
o = -

B ok R ok BR ok R ok BERD ok
Infected

Infected Infected

VAL B P R R P 72 AU R pPRSV-HaNHK Ji5 1041414141414 d Jr72 A REIR s B. FHR #8075 7 JIK L PG
PRSI RI F ) PCR SN 5 C. FH R E S 76 I B I 76 B RIUTCR R I F B sk A4 28 45

Note: A. Symptoms induced by the inoculation of melon, cucumber, watermelon, pumpkin, zucchini and bottle gourd plants with pPRSV-HaN-

HK10 at 10 dpi, 14 dpi, 14 dpi, 14 dpi, 14 dpi, and 14 dpi; B. The results of PCR detection of the diseased leaves of melon, cucumber, watermelon,

pumpkin, zucchini and bottle gourd plants; C. The results of dot blot of the diseased leaves of melon, cucumber, watermelon, pumpkin, zucchini and

bottle gourd plants.

3 PRSV £ &%) HaNHK10 ¢cDNA TEREHIE L%
Fig. 3 Infectivity of PRSV isolate HaNHK10 cDNA clone

22 PCR #—#1FS2 T PRSV IR 4. LU 45 F ik
W], PRSV 43 554 HaNHK10 (1152 4L 1t v [ 44 2 i
o, i FBETE 6 PRt il NRIEY) LI AT K412 4,
TP A FH R o

.« 12 -
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f¥) PRSV & N4> 254 HaNHK 10 AHF 550 &, %f H
SR P B AT Y R AP, BE S A T A AR A
R F A% LA L 77 4~ PRSV 70 BWHE4T T &4¢
BT, S R ERFE— E X1 B K2 RELE
— i, YW PRSV AN[E]4; 2540 5 Ho BRI B
ARG, X 5 A fRE™ 2 R —8 Aok,
PRSV 7 B 1E KRG v] 730 2 H, AR P
FTW Bk R BT B2 B 50 il oy AR R 2 A,
TES 20 2 Fikk R Z WA BT or 4k, B —Hh Bk
Y5V AH [ 22 Fixt JBL R 3 BS 4 43 ) SRR AE — i, o
Gk R WAL, YLWILE R — LB X I 4 PRSV 73 54
HHMR R MA —EIAHCE. BT PRSV-W Bk
FH R AR EHEY 4 S EsD okt —
AW PRSV-W 345 FHL 27 R 2 A1) 8 &R

I3 T 12 G Pk T I SR AS 0 O AN HE S B S
FEHAEM R ERLER, % PRSV K, Hil oA
PRSV-P #k & HN-1.HN-2 Al YK % &%) Ll K
PRSV-W #k % SD 1 CI 43 B W1 B P v B i D 44
P RIES . B R R E A R AR T
PRSV-W #k % HaNHK10 43 2547 (1) 12 G 1 v b , i
SO 2/ 7 W ] M N AN - 11 1 NN 0 NN ) N
1NNV SR R WIS A QS O BN
100%) . 5 CRIE R PRSV 12 Je bk 7a B A LL , 1) 22
TG FEM R IR G A BT AN A, 40 HN-1 73 259
12 Y v B R Gibson 4H 26 J7 5 A e 1 ol » 308 3
T A AN I, RIFAEFERN S 30 d IR Ge e 5y
R 66.7%F1 60%™, Fi| FH 1 B [7] 5 B 2H 5 i 04 2
(1 HN-2 43 B 018 Je it o B 75 7 A (142 e 284X
9 8.33%Y, 11 F ] Gibson ZH 2% #4921 HN-2 43 55
WA e o B A 3 A TR (142 B 28 1T Ik 96%, Xof
PRSV-W #k % SD 43 B ¥k il , ‘& 142 G o b 2
6 e [ R 2 SR S A R T R ) 5 AR S A B,
ARG AH R, H 50T R G012 Yt I 3R 76 IR PG
B4 FEY) (BB AR A T AR IR B2 AR,
P ar ERACT. 187 3 RUE U5 T, HN-1.HN-2 Al
YK 4 B354y 8 B & AN, CL 43 8 H 22K, SD 4
BE PUE M, 1 HaNHK10 20 85 E K. 2GR
1E 5 Nla-Pro (1) Lys27 Y5E T PRSV 12 44 AN
aFER RS Ll B e M BRI A,
K Bl PRSV-P ¥k & HN-1.HN-2 fl YK 4 & 4
Nla-Pro ] aa27 #J°4 Lys, ifi PRSV-W # & SD.CI
A1 HaNHK 10 43 &5 4 Nla-Pro [¥] aa27 #J°4 Asp, it
B % 73 B4 Nla-Pro (1) aa27 XM 5 H k2L R
PE—8L R RRI AR BORTE. EXTHEAFR

A JK ) BD-2.PM-H.PM-1.PS3-I 1 Meghalaya 4}

BEWRA % AL 53 )N Ser Arg Arg ArgGlu, 1]

XET47 8 E S RHEI0 B2 A 16R 4rBAIKE,

ZALEST A Glu F Asn, 5 CF #RIER FTAE, 3

B3 H A A BE DA T 1207 AR 2 R R 2R AL pir

A PRSV 73 BV REAT WA bR R K 70 o 1% A7 mO0

PRSV {4250 4 A1 25 535 ) B AR 52 K FLAE HIAL

TS TR ANAR LS, PRSV 12 Btk v B (3R 19 N T J

T SR T A TR

S0k

[1] BATESON M F,HENDERSON J, CHALEEPROM W, et al. Pa-
paya ringspot potyvirus: Isolate variability and the origin of
PRSV type P (Australia) [J]. The Journal of General Virology,
1994,75(12) :3547-3553.

[2] REZENDE J A M. Cyclanthera pedata var. edulis: New host of
papaya ringspot virus-type W in Brazil[J]. Plant Disease, 2000,
84(10):1155.

[3] POURRAHIM R, FARZADFAR S, GOLNARAGHI A R, et al.
First report of papaya ringspot virus on papaya in Iran[J]. Plant
Disease,2003,87(9):1148.

[4] LU Y W, SHEN W T, ZHOU P, et al. Complete genomic
sequence of a papaya ringspot virus isolate from Hainan Island,
China[J]. Archives of Virology,2008,153(5):991-993.

[5] PARAMESWARI B,MANGRAUTHIA S K,PRAVEEN S,et al.
Complete genome sequence of an isolate of papaya ringspot
virus from India[J]. Archives of Virology, 2007, 152 (4) :
843-845.

[6] HASIOW-JAROSZEWSKA B, BORODYNKO N, RYMELS-
KA N, et al. First report of papaya ringspot virus infecting zuc-
chini plants in Poland[J]. Plant Disease,2010,94(5):633.

[71 MAINA S, COUTTS B A, EDWARDS O R, et al. Papaya
ringspot virus populations from east timorese and northern
australian cucurbit crops: Biological and molecular properties,
and absence of genetic connectivity[J]. Plant Disease,2017, 101
(6):985-993.

[8] BAEK D, IGORI D, LIM S, et al. Complete genome sequence
of a papaya ringspot virus isolate from South Korea that infects
Cucurbita pepo[J]. Genome Announcements, 2017, 5 (48) :
e01289-17.

[91 ALI A. First complete genome sequence of papaya ringspot
virus-W isolated from a gourd in the United States[J]. Genome
Announcements,2017,5(2):e01434-16.

[10] ATAmF, PR . A AL 4] 20 1 B TE (0] A (R4
#,1964(4):423.

(1] F AR, B, 0% 2 PR T 1 DX 38 AR JTUER B 2 A g 23
A6 73 75 1 A % E WA [I] . A Ol KR, 1997, 18(4)
52-53.

[12] ZRZEN, XUBE s, SE0E 07 , 55 7 P AR B 2 43 B bRk A1 3T
R A T B R A L] A A RO R A R
2006,12(4):1-5.

« 13 -



X ISR 5T

o L ST =3

37 %

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

WA, FAE, S, 55 FE T A 5e iR B K P A 3 R
FHE W95 53 109 53 - 43 BT (7). FEL W00 B2 22 4% 5 2008, 38 (4)
357-363.

FORERR, LSO , RS AN, 46 B AR IR B #0740 B ik 4 2k
[RIZH 7 5153 T (0] 352441, 2008, 24(2) : 152-154.

At R, B0 B0 , 55 . 2 B B A TICEA BRE I 5 14 R A At A
ZRETE[]. A 2041, 2014,41(6) : 11421151
MR, oM T5 , ARSI, 45 . DU 1 R X A2 A 1R e ra T 4
SRR T4 Ay AT [J]. [ 254, 2021,48(11) :2299-2310.
ZHANG Y L, YU N Y, HUANG Q X, et al. Complete genome
of Hainan papaya ringspot virus using small RNA deep sequenc-
ing[J]. Virus Genes,2014,48(3):502-508.

ZHAO G Y, YAN P, SHEN W T, et al. Complete genome
sequence of papaya ringspot virus isolated from genetically
modified papaya in Hainan island, China[J]. Genome Announce-
ments,2015,3(5):¢01056-15.

MISHRA R, PATIL B L. First complete genome sequence of a
distinct papaya ringspot virus isolate from the northeastern
region of india[J]. Genome Announcements, 2018, 6 (22) :
€00437-18.

R, EE, DA R FARIABLR L A5 B 4 g
BRIZH 7 51 53 HT [J] . AH D903 BE 2441, 2018, 48(2) : 285-288..
TG, WA, DR A B R NIA B 1515 e e A B 4
FER 7 50 73 B[] DH AL AR AR BHEOR 2 22 4 CEARRE 2RO
2019,47(3):38-43.

MANGRAUTHIA S K,PARAMESWARI B,PRAVEEN S, et al.
Comparative genomics of papaya ringspot virus pathotypes P
and W from India[J]. Archives of Virology, 2009, 154 (4) :
727-730.

« 14 -

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

CHEN K C, CHIANG C H,RAJA J AJ,et al. A single amino
acid of NIaPro of papaya ringspot virus determines host specificity
for infection of papaya[J]. Molecular Plant- Microbe Interac-
tions,2008,21(8):1046-1057.

RAIGIE , FEAEIN kSO, A5 3 P A AR A B 75 42 1< cDNA
9 S FL AR e i e e A (0] FAHT TE AR, 2015, 36 (5) ¢
911-917.

HXIGIZE , FEARIE , P SO » 45 R FH T R ) Y8 4 R G PRt )
Potyvirus ¥ & 1= e M 52 B 7 5[] AR i BE 220 7T, 2015, 19
(6):491-496.

TUOD C,FULL,SHEN W T,et al. Generation of stable infec-
tious clones of plant viruses by using Rhizobium radiobacter for
both cloning and inoculation[J]. Virology,2017,510:99-103.
HUANG X D,FANG L,GU Q S, et al. Cross protection against
the watermelon strain of papaya ringspot virus through modifica-
tion of viral RNA silencing suppressor[J]. Virus Research,2019,
265:166-171.

S o B R (20 L 2 R AT (D] i
PLART AL R, 2019,

HALL T A. BioEdit: A user-friendly biological sequence align-
ment editor and analysis program for Windows 95/98/NT[J].
Nucleic Acids Symposium Series, 1999,41(41):95-98.
KUMAR S, STECHER G, LI M, et al. MEGA X: Molecular
evolutionary genetics analysis across computing platforms[J].
Molecular Biology & Evolution,2018,35(6):1547-1549.
KFT#  BECRI, 200, 55 . 35417 eGFP [ ZYMV {5 etk v [
A R S FUAR YR (0] A9 B 244, 2021, 51(5) £ 734-740.



