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H A BsEB AN B B, a2 A, 5 i T IO B R 15 AN TR AR A X3 ) 40 2 52 e iz
EEAIR S 2 Mo s gy, R E AT I DA 3R DR SE Bk 327 DX B0 1) 5 4 e
Je FORIIRBLEAEJERE, M EE A (mume virus A, MuVA) 1ERTE 2018 FHT K I R EE 22—,
P H AL P A ATt s b, EN R MICiRIE . R, ASHEFEE S6 00 A0 T 1 X a2 kel
HIRESEAT (35D BRI, W16 MuVA i B /E IR EDF B A A M A . Ik, £1F0 MuVA I JE 3
FRAFP I SR G e FESE AR, DAY 1 fd v [ 73 B P ) ok DRI 2L R s MM et
Jridi: ] RT-PCR J5 i35S I RIBRFE AL EAT (3 IR 558, SR 375" cDNA AR PUk i1 (rapid
amplification of cDNA ends, RACE) A KHiE MuVA pp 7 B sEBERNAFI. Bk, EH
DNAMAN. NCBIBLASTn. MEGAI11 ZEA4W15E B 2284453 BT MuVA pp 7 2010 24 DK 28 7 F R E AR
ARG KR R f)5, FIH Gibson ZHAL RIS H 1% 5 VI KK ZH cDNA Fof#, Jfimid iR
¥ (Agrobacterium tumefacieas) 511771258 HAZ Gt b AT HeFh K
i (1) By ain Xk E 2 (G0 JREEA SRR BE B (apple chlorotic leaf spot
virus, ACLSV). PEEEZRIABELL 75 (cherry green ring mottle virus, CGRMV). ##k /N R EE-1 little
cherry virus 1, LChV-1). JE#HZE/EH5 2 (asian prunus virus 2, APV2). MuVA. JHBkZERGAH S
# (nectarine stem-pitting-associated virus, NSPaV ) BkAH ¢ S I £ J& 53 B (peach associated luteovirus,
PaLV). Z=# B RBEZEJG MK B (plum bark necrosis stem pitting-associated virus, PBNSPaV). #kJ
# T (peachvirus T, PeVT). ZJEIIEIFFLEE (prunus necrotic ringspot virus, PNRSV). BEHBZgH-
BEHi#E (peach chlorotic leaf spot virus, PCLSV) FIBkEFEIEM 295 (peach latent mosaic viroid,
PLMVd). ¥, CGRMV. LChV-1. PBNSPaV. PaLV. PeVT fl PCLSV iX 6 Fiftji 55y b X 7
PRI . (2D FEEH R H %8 = ¥ 2 PBNSPaV fil CGRMV (74.6%), MuVA [F H %4 43.6%, &
FRGRIE 94.5%, L, BLS - 10 MEAERARAINE. (3) MuVA pp 70 B R A4 KON 7647
nt, BABMERRERE (Capillovirus) 8RR FIGEARHE, BY S'HERIEIX (5' Untranslate region,
5' UTR). 3' UTR fl 2 NE B FF AR IEHE (open reading frame, ORF). (4) RGKE s B
7R» MuVA pp 70 %15 HAME pm 14 X EWIECRGR R iRIL, H MuVA 16 E AR R
B, BT B S5 YR EE R, Bk BB . (5) IR T MuVA pp 73 B4 TG poly
(A) BRI poly (A) RMAIERFEM cDNA RIMETRE, 2 5ldr 48 pCB301-MuVA 1 pCB301-
MuVA-a. (6) #ZFALHIESE, pCB301-MuVA R RGMER LT AEE (Chenopodium amaranticolor)
(IR, RYHN 16.7%, FHEEFI =AM (Nicotiana tabacum var. Samsun NN) AL
P RIS, EARRSIE RS, WARRRERZE (C quinoa). LM (N. glutinosa) 78



77 M (N. occidentalis )« A< [RHH (N. benthamiana) B iti (Lycopersicon pimpinellifolium ) ¥ JX ( Cucumis
sativus) FEE )X (Cucurbita moschata), T pCB301-MuVA-a 5o X FIRTEYIIE ToAR G4

S50 BRI OBRAY CURGE 11 MR 1 R SENRE, EAROYTE. 1 IR TRk
MuVA pp 73 & K4 FE R AUF 51, RN T MuVA pp 7> B 4K cDNA Tl . JHIE AT # 152
Ge . AERMELR RT-PCR #6:ll, #J25AESE T pCB301-MuVA B AR 44EM:, 1 pCB301-MuVA-a 1f7
Perg e, XA PR T MuVA SR EE I E0R 7 THLE R T S KR .
REEE: Mk EESORTE: MRTE A RO RGP TORE



Abstract

Objective: Xinjiang peach germplasm resources are rich and diverse, but due to their asexual reproduction
and frequent exchange and transportation from different growing areas, they are easily infected by multiple
viruses, resulting in serious economic losses. Therefore, it is urgent to determine the pathogen identification
and infection status of viral diseases in the main peach producing areas of Xinjiang in China. mume virus A
(MuVA), as one of the newly discovered fruit tree viruses in 2018, has rarely been studied on its whole
genome sequence analysis, let alone reported in China. Therefore, in this study, samples from peach orchard
around Shihezi area were detected (viroid) virus to determine the occurrence and distribution of MuVA in
China. Secondly, genome sequence analysis and infectious cloning of MuVA were carried out in order to
understand the genomic characteristics and infectivity of its Chinese isolates.

Methods: RT-PCR was used to identify the virus in the peach samples. The whole genome sequence of MuVA
pp isolates was determined by 3'/5’ rapid amplification of cDNA ends (5'/3' RACE). DNAMAN, NCBI
BLASTn, MEGAI11 and other bioinformatics software were used to analyze the genome sequence
characteristics and phylogenetic relationships of MuVA pp isolates. A full-length cDNA clone of the isolate
was constructed using Gibson assembly strategy, and its infectivity was tested by inoculation with
Agrobacterium tumefacieas.

Results: (1) apple chlorotic leaf spot virus (ACLSV), cherry green ring mottle virus (CGRMV), little cherry
virus 1 (LChV-1), asian prunus virus 2 (APV2), MuVA, nectarine stem-pitting-associated virus (NSPaV),
peach associated luteovirus(PaLV), plum bark necrosis stem pitting-Associated virus (PBNSPaV), peach
Virus T (PeVT), prunus necrotic ringspot virus (PNRSV), peach chlorotic leaf spot virus (PCLSV) and peach
latent mosaic viroid (PLMVd) were the main viruses that infected peaches in Shihezi, Xinjiang. Among them,
CGRMYV, LChV-1, PBNSPaV, PaLV, PeVT and PCLSV were found for the first time in Xinjiang. (2)
PBNSPaV and CGRMYV had the highest detection rate (74.6%), MuVA was 43.6%, and the combined
infection rate was 94.5%, among which 5-10 types of combined infection were the main ones. (3) The total
genome length of the MuVA pp isolate is 7647 nt, which has the structural characteristics of typical
Capillovirus members. It consists of a 5' Untranslate region (5' UTR), 3' UTR, and two overlapping Open
reading frames (ORF). (4) Phylogenetic analysis showed that the MuVA pp isolate was most closely related
to the Japanese mume pm 14 isolate, and MuVA showed a trend of host and geographic specificity. The plum
and mume isolates cluster together, and the peach isolates form individual branches. (5) Whole genome
cDNA infectious clones of MuVA pp isolate without poly (A) tail and with poly (A) tail were successfully
constructed, named pCB301-MuVA and pCB301-MuVA-a, respectively. (6) Inoculation test confirmed that



pCB301-MuVA could systematically infect Chenopodium amaranticolor (without obvious symptoms), the
infection rate was 16.7%. It can cause anaphylactic necrosis in the inoculated leaves of Nicotiana tabacum
var. Samsun NN, but can not cause systemic infection. It also cannot infect C. quinoa, N. glutinosa, N.
occidentalis, N. benthamiana, or Lycopersicon pimpinellifolium, Cucumis sativus and Cucurbita moschata,
while pCB301-MuVA-a clones had no infection activity against these plants.

Conclusion: Peach has been infected with 11 kinds of viruses and 1 viroid in Shihezi area of Xinjiang, and
the complex infection is serious. The complete genome sequence of MuVA pp isolate of peach host was
obtained for the first time, and the full-length cDNA clone of MuVA pp isolate was successfully constructed.
Through Agrobacterium tumefacieas infection, symptom observation and RT-PCR detection, it was
preliminarily confirmed that pCB301-MuVA has infection activity, while pCB301-MuVA-a has no infection
activity, which has potential value for studying the pathogenic molecular mechanism of MuVA virus.

Key words: Peach; Virus/Viroid; Mume virus A; Sequence analysis; Infectious cloning
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ACLSV Apple chlorotic leaf spot virus S ARG B 7
APV2 Asian prunus virus 2 TR 2
CGRMV Cherry green ring mottle virus PERR SRR BE L 75
LChV-1 Little cherry virus 1 PERE /N R -1

MuVA Mume virus A MHREE A

NSPaV Nectarine stem-pitting-associated virus TRk ZEIE A O B
PalLV Peach associated luteovirus BRAH IS B 75 8 i 7
PBNSPaV Plum bark necrosis stem pitting-associated virus 258 57 IR FE 25 Je AH 05 2
PeVT Peach virus T HewisE T

PNRSV Prunus necrotic ringspot virus 2 B A FEIR B I 7
PCLSV Peach chlorotic leaf spot virus PRI B 25
PLMVd Peach latent mosaic viroid Bk B AE 2 B¢

bp Base pair [8-33)

nt Nucleotide ZH R

ORF Open reading frame TEIR S AE

CP Coat protein G A

MP Movement protein B A

RdRp RNA-dependent RNA polymerase AT RNA 17 RNA &
kDa Kilodalton T-1E /R

NJ Neighbor-joining AR

PCR Polymerase chain reaction FA M == B
RT-PCR Reverse transcription-PCR %5 PCR

NCBI National Center for Biotechnology Information  “E#)F AfE B A0

Kan Kanamycin KBER

+ssRNA Positive-sense single-stranded RNA 1E X B4 RNA i B
5'73' UTR 5'/3' Untranslate region 5'/3'FERITEIX

ICs Infectious cDNA clones &G cDNA i
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T
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Bk (Prunus persicaL.) J&T—MiEwEM . 7J&H. @R RMEFEDY, E2xA
BAERHERI IR 2 —, BFRVES TR (Rosaceae) WIRAAEYY, Ha&—su5rFFR L
FA, AR SRR G AR 20/ (224.6Mb) Bl B o H 5 SN R E
LR RMAEY), AL TR E XY, 2t 4000 2GR EREAD, itz
AT 80 ZANE FKAIHLIX O, A, FORR PR 3B EAA X S R B A
DI AR FAEDIT, Ui B BRAE 0% K VS FRANE P A E AL

PR REFE &) R M 2 —, BHEl, ©FF 29 M EE XA LR
M. £ 2019 4, FRER™& 1500 Z 507, FHAEA. BT, St aH
B AL 5000 FhLAE, T E R SRR A 1000 280, BT DUR R T 3 E s
FBIMFRIG TR . Horprsm 2 RE P IL S Bk IX 2 —, F 2R E “ k™ Foigsk, bk
FESA T AT SEARFHEIERXO, TaEk, PERSREEmAR & 7 B Pk iy
K, HrEmp BB AL 2017 4R35 1.57 X 10°hm?, 5 2008 SEAHEL, §7K T 0.34 #5019,
PR 5000 1, TR AR ERIGI E EERIE

PERE e T 73 dr K, i BRSO, BLACK AN FAE K X I A e Ais b, e
AT Ty 4 — Pl 22 Foiod 55003 S AR B 4, T g B PR 5 i 5 | S AT AR A0 i 3 OBk SR SE 3
ERERH R T EE R MR R G SRR AT B RIR . BRI eSS
FERU2),  HAEIR S BERAAR RS . PRtk R AR F AR, 45 50K 3 80w 4
FH R RS PR AR BIEM B AEARBE 1RSSR M kR A R R S
Jog B () oS BR ER 2R U3 B DA UR A I ek B0 B A S AN 23 A 1 00 T T SRR s b X A2 R AT
MV FE NI 75 B R D o

5 A (mume virus A, MuVA) 21 A8 KM R T2 2 —, R BT 72 TAF
RERT R, 2IHATNIE, NCBI AP % MuVA I KF51, 70l HA
MuVA pm14 73 B [E MuVA pp 73554, FHXF MuVA 435 R 241 7 41 g% 2 FE 1
AT, BT CIRIE . BRI, £1% MuVA F R H IR 751 504 S5 1= et
sebESE T AR, UL T AR 4 B i 2L DR A e AR et o WF 90 45 SR ANV AT DAY ek
FEof MR I B3 A AR 25 23 LA UG, 1y B A T — 22 B MuVA 516 £ X R 1
PRAA, kB BRI BRI FE SR AR BT 7T R R A T SR o
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1.1 BtimEmitsitR

1.1.1 BtmEMEREE

T 75 MR A% FAT ML ) % A B ™ BB, Ed 2 30 AFE L, RIKEE N TR
BRI IE BRI VE VI T S AT 100 423850, Padhod, [ N4 24 E 1 mT 1R e pk
R R AR TEA 45 F (LTS AD, 0 al& T 11 MRE 19 N&E . Jerl il 2, %
Pk i) () s B H B LI SE AR 2R -3 975 B Capple chlorotic leaf spot virus, ACLSV),
FERRRR b S0 AR BT BRSO IR T S ity AR SE TR AR, AT B0 & T B 30% - 40%
5], W AREEIH P 7 (apricot pseudo-chlorotic leaf spot virus, APCLSV) = 5|
AT, e RS MR MRkt SERE R B IAIEIABE i B (prunus necrotic
ringspot virus, PNRSV) £ SEMW AREKITD 12% - 17%, 728 T 5% - 70% 10 22%%
4iJ% % (prune dwarf virus, PDV) 2> SEMM K FIRZE!; Wi E (apricot latent
virus, ApLV) 2 FEWE/NMTEBE RIS 220 IR0 S 22 fLAERER B (plum bark
necrosis stem pitting-associated virus, PBNSPaV) Sk 5z S8 50 F1 ZEFF 4] g 95 A5 ol19:201,
PERRZR AP 58 (cherry green ring mottle virus, CGRMV) {EEFE &R 32 704, EBk
BRI BRI A 2SR E  (plum pox virus, PPV) 1, 2K
HA AR YR 52—« BLEOS BB AR A BUR B A 0 B8 . thE Fa e M- 280 7

(peach latent mosaic viroid, PLMVd) FMUFLERE Wi EE (hop stunt viroid, HSVd)
(222531, BN R Z HUKGL 7 HSVd #1 PLMVd FIBERE R TCREIR 1, H—L& PLMVd 43 Bk
g M E R, bk A RS ZEMIRE AR B 42420,

W — RO R R AR R E R E R, 2w T 23 FibkiEE, BHE ACLSV.
APCLSV. PNRSV. PPV, PDV. CGRMV. PBNSPaV. PLMVd. HSVd®", 1% )&
B 1 (asian prunus virus 1, APV1). WIHZ=JEiEE 2 (asian prunus virus 2, APV2). #k
J% 5 D (peach virus D, PeVD) 8, WiiZ=)&@J%%; 3 (asian prunus virus 3, APV3). #k
JiEE 1-4 (peach virus 1-4, PeV1-4) P #EBKIAFEEEBEREE (cherry necrotic rusty mottle
virus, CNRMV) Byl bk 255G M 5¢i 5 (nectarine stem-pitting associated virus, NSPaV)
BUL Bk S AH B (peach leaf pitting-associated virus, PLPaV) B2 BRTEAE A 59
i (peach associated luteovirus, PaLV )33, Bk 4l &¢ - BEJ B (peach chlorotic leaf spot virus,
PCLSV) B4, MuVA B, HAth g 75 76 3 1 (1) B et 00 i A it 9

1.1.2 FAIREEN

HI -0k = A R A RE YD DRI VA I I e SR AR AR G, SRR 790 35 14 i i 23 0
Jill, B AR AR AR SN BB . 3&4 Ok, RS (1093 25 M1 B 14 46 5 1
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WA T WS W IR BRI AR A, SR H RT-PCR BUIMLTE 7 V% B REAT R
SR, XHP 776 R BRI CANI R B AR 25, 1T AS e TR0 3T IR0 7500 B A4 BO). B 43
FRICW AR ERHD, S@EENFH AR (High-throughput sequencing, HTS) 1) H I
5 TRATTRE A% R AE BT IR IEAE HE 3R R A DA K LR R AR R Bk . DRI, VP2 AR
PHREEROR IR, VAR, OF 20 2% RS 2518 v il s P R B
KBB4, wWhBkREE M (nectarine virus M, NeVM), BkFI%#E T (peach virus T,

PeVT), Bk77%E: D (peach virus D, PeVD), Bk7J%E M (peach virus M, PeVM) 1
PEIJE S A9 B (peach leaf pitting-associated virus, PLPaV) 041, MuVARY, Eritbz
A, I v B BRI e H R A O CREE (ss) RNA fieg, M HmsaA
PEIEE 1 (peach virus 1, PeV1) 1,

1.2 2B MHRER (Betaflexiviridae) LS

CMENREFFRL (Betaflexiviridae) B EA 6.5 - 9.5 Kb [1E 2 SR E IR IL
RNA FERH, EATCAEVF 2 B ARIARAEY H I, HIC AR dh 2200 J kL1 B
IEH N 12 - 13nm, KA 600 - 1000 nm, FEEFK, FARRGR T EAIFNT, AR R
PIAE, FERAEAE ZRS MR EEHE Copen reading frame, ORF) A%, BN R
BIE 5" — NS E A OCE B R, IF HAZ BN 24 2 s K ORF, HE A
TP ILE RS (methyltransferase, Met). 20G-Fe (ID JN4EEEEBE % (20G-Fell-Oxy-2-
domain). Ji E RNA f#iel (helicase, Hel) fl RNA &K #fi14: RNA %4 (RNA-dependent
RNA polymerase, RdRp) ZERF&5#3 W, HARK/NE ORF 4wtd 2 54z sh i &
Ji, Bl =3EE WA} (Trivirinae) H 30K 8 KK HANZE8) 8 H (movement protein, MP)
B HEERWAL (Quinvirinae) HE =IERBESFIR (Triple gene blocks, TGB) LK #k7%
H A (coatprotein, CP). fE Betaflexiviridae F W —LEp 519, CP B:HJEERE — 1w
R e I R 45 4 B 1 I SR R 8, i RL & B T S B T R BE R 8 20 A R DR 4 46 4 1) 3
[FRFAE T 2 S2920), BT Betaflexiviridae 3547 108 M Es, BT 13 ANM@EPY: KIFHE
J& (Capillovirus)- #FEWE:)E (Trichovirus)~ TH)\JREE (Wamavirus) FIMFRE T A
JWEEE (Ravavirus)~ &M= A WiEE)E (Divavirus) BEIREEE (Vitivirus)« MG
J& (Citrivirus)~ ZWIHREEE (Chordovirus)« 2R ER)E (Prunevirus) SR E T Wi/

(Tepovirus)~ BHANVTIERIEEE (Carlavirus) %8 (Robigovirus) MIETR TR

(Foveavirus) o

1.2.1 ¥R/ ERE (Capillovirus) RS =

KR ERE (Capillovirus) J& T =F:FWEl (Trivirinae), HIE5FRZEVEIHE (apple

3



