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HE . oA 52 B b bk 2 J5 48 X 9% 3 (nectarine stem-pitting-associated virus, NSPaV ) 2 [ 41 649 51
45 4E , ] RT-PCR #= RACE # A 3t NSPaV ¥ & 4~ & # NSPaV-T04 3k B 403 47 5014, KA s KM R
%213 2 69 NSPaV 2k B 48 /5 3] = GenBank ' 49 5 4 NSPaV A B 28 57 ¥ 3% & %0 & F A4, & A RDP
BAF AT NSPaV A B 207 5] AT T A5 A7, 28R A F B 5 &4 NSPaV-T04 L B 28 5 7] &K A
4 991 nt, 8. 4& 4 /> FF 7% 14 % 4E (open reading frame, ORF) , £ # ORF1 5 ORF2 3 [ % 75 1 A~ RdRp
P1-P2 #@4-% & ,0ORF3 %75 1 A~ CP,ORF5 5 ORF3 £ Rl 4 A CPif i & &, RAAL F WA 5] ik
A ERZ T, P E S B 4% NSPaV-T04(MN095353) 5 £ E 4 & # NSPaV/12P42(KT273410) &9 %
Y%k R RAE BT FUR MR 3, 4 96.4%;NSPaV-T04 # RdRp P1 & J#42 X , 5 GenBank ' 5 %
NSPaV # B 2847 3 8 /5 5 49 ] R PE 4 90.5%~96.1% , CP 22 A 1% F , M3 B85 7] 449 B IR P A 96.6%~
98.7%. FMHHLER T, P E 5 B4 NSPaV-T04 4 % 2t — A F K (36 E 5 5 4 SK) 84 % A
3, &R P B 5 & NSPaV-T04 7T 42 — /> 52 R 69 T 24K
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Molecular characterization of nectarine stem-pitting-associated virus from China
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Chinese Academy of Agricultural Sciences, Beijing 100193, China)

Abstract: In order to molecularly characterize the nectarine stem-pitting-associated virus (NSPaV)
from China, the complete nucleotide sequence of an NSPaV isolate T04 (named NSPaV-T04) from a
sample of nectarine collected from China was determined by using RT-PCR and RACE methods. Phylo-
genetic analysis of NSPaV was conducted by using maximum likelihood and recombination analysis of
NSPaV was performed by using RDP software. The results showed that the complete genome of
NSPaV-T04 comprised 4 991 nucleotides (nt) and contained four open reading frames (ORF), which
was similar to several NSPaV isolates deposited in GenBank. ORF1 and ORF2 encoded the RNA-de-
pendent RNA polymerase P1, P2 fusion protein (RdRp P1-P2), and ORF3 encoded the coat protein
(CP). ORF3 and ORFS5 were identified to encode the CP read-through fusion protein. Phylogenetic anal-
ysis showed that isolate NSPaV-T04 (MN095353) was most closely related to isolate NSPaV/12P42
(KT273410) from America. Analysis of the nucleotide and amino acid sequences showed that the com-
plete nucleotide sequence of NSPaV-T04 had the highest similarity (96.4% nt identity) with isolate
NSPaV/12P42. Compared with the five NSPaV genome sequences available in GenBank, the NSPaV-
T04 sequence in ORF1 (RdRp P1) was more variable compared with other domains, sharing 90.5%-
96.1% nt identity. The NSPaV-T04 CP sequence was more conserved, with 96.6%—-98.7% nt similarity.
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The recombination analysis of all available genome sequences showed that the genome of a Korean iso-

late SK might be a recombinant. However, NSPaV-T04 might also be an actual recombinant, based on

only one identified parental sequence in triplet in recombination analysis.
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THIRR R TR [ A — Fh AR S R 2
PRI , LYY B R I 7 Rk |
PR, AT | 7™ H 5 M Bk A R IR i o o (3
B, 2016) . HETREINAME &I T 30 Z 0] (24
e, 78R E O il 09 10 280 (2R RS
FI16,2013; Yu et al., 2013 ; 1 4ESE,2017) . Bl =
I PR B R R FERRR B S A TR K
YRR TR EARA e B T SO R, kR
Ji7 A & % 7% (nectarine stem-pitting-associated virus,
NSPaV) (Lu et al., 2017) . #k i #H 3¢9 B (peach
leaf pitting-associated virus,PLPaV ) (He et al.,2017) .
Mk B 5E A 5595 B (peach associated luteovirus, PaLV)
(Zhou et al., 2018a) FlI#k ## 2 i 595 £ (peach chlo-
rotic leaf spot virus, PCLSV ) (Zhou et al.,2018b) .

BORE I 75 )8 Luteovirus Jj 5 X W~ I AE ) Fil HA.
I AE ) B 4R G A e ™ EE Y 28 B 40 K (Domi-
er & D’ Arcy,2008) , {1% & 4 14 B (bean leafroll
virus, BLRV) | th#% 45 15 75 (potato leafroll virus,
PLRV) Uk M K ¥ %% 45 % # (soybean dwarf virus,
SDV) . T S8 BAE i 75 a8 FO o 7 A0 A6 A 2 JAE o 75
(groundnut rosette assistor virus, GRAV) , ENEES N
Sxg I REAR , (H AT AE Ryl Bh s s 41 U HL & 5 X 2
FHYI ARG, TS | & AH ICAE IR (Murant, 1990) .
NSPaV iz 1 Bag et al. (2015) 7 35 = in # fi& Je .
N H IR 2R AR TR T AR 2 B S 20
fErpE (Lu et al.,2017) . H A< (Candresse et al.,2017) .
) 7 F] (Krizbai et al.,2017) Fl#H E (Jo et al., 2017)
AHAEBE A P, JERYE NSPaV FUBKI AR & B A K, i
Jr RIS K B AT B SRR (R ) e e 2R R
JAAR S 7~ A B S ) s (YRS, L s o i A A e A
AR T 2 B, RS AR B RER (A AR
5 NSPaV 1 ¢ & A ik — 252 i A (Bag et al.,
2015),

Bag et al. (2015) % = 38 55 I J5° %5 % 1Y) NSPaV
AT I A P HN Y3 e L PR 2 S5 R DL T 3%
$E 0 B B, BRI A B R 4 991 nt, B 5 44
Ji P %] 352 #E (open reading frame, ORF) . H#l, 7
GenBank H' T & 55 11 NSPaV 3 K 4H e 514X 5 4%, £
6 4 55 L E A B 1 A E B Y . ARREY T

2017 45 F v 38 200 7 5 R FI RT-PCR J7 A AEFR
THRRAE S b B G I 2 NSPaV , B 5 X% 54 kA
THHEEE S 21T NSPaV Kl , A& ik i NSPav
(ARG HE SR A, o ARG D Sh Bk BB ) 449 (11/25) , 11
FE A PR i A4S 21 NSPaV (Lu et al., 2017) .
H AT, 5T NSPaV i JUARFE | 51 % 9 3 RE IR A i 52
AT/ TS v FE ) NSPaV 43 B 4 L 8 4H 4 K
FEH A WARTE . R, AHHF5E L% NSPaV H [ 43
BV EE R 2K T AT s B REE AT
DI A NSPaV 112 YL RN AT A 58 LA K 3% AR i
B 2595 A DI B0 1 TR BT R S 400

1 #EETE

1.1 &

MRS B T 2017 425 AR AL T
TR 2, Rl R o rhh 445, A SR B AE
ARA SRS M AN TR B e e R SR A )
B MAEAL IS T80 CL-AF A H

K535k . LB (Luria-Bertani ) 55 37 3k . R EUY)
5g BEHEAM10 g FH ka0 g ZiEH 15 g, TR 2%
WKERZLL,

RF . KIGFFE Escherichia coli DH5a B2 2541
M . 2205 £ Wy A ) S RNA 2 BUIR 7 & RNAprep
Pure Plant Kit, 2x7aq Plus PCR MasterMix . 2xPfiu
PCR Master Mix fl TIANgel SIS HHEEIE DNA [t
FGr, RARAARH (A6 A PR F] s pMD18-T 4 |
SMARTer* RACE 5'/3' Kiti7| &, H 4~ TaKaRa 2\ Al ;
200 U/uL M-MLV RT . 5xM-MLV Buffer. 10 mmol/L
dNTP Mix .40 U/uL RNase Inhibitor, 10 pmol/L Oligo
(dT) 5, T 3% 22 A% (A 50) AW EAR A IR\ pTO-
PO-Blunt {4, b ARSI AE YR A FRA F] 5 BEHL
ANEG, AR BRI B A BRA A Havil
il Byl S Vs g T S

%A - TL2010 8 5 20 2L AN, b T S0 i
B A PR Al 5 5424 25001, 72 [ Eppendor 23 H]
VX200 e 51, L FE3RIA4EA 7 s My Cycler 1Q2
PCRAY, 3% [ Bio-Rad /A /] ; DY Y-6B ZU A% e HL UK A,
L AN—IXE) T ; Tanon-2500 BEE AR R 40, AL i
- fits A ) H AR AT BR2A ] s DHP-9162 fH R 15 3524 , K
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1.2 Ak

1.2.1 NSPaV A K %1)55] RT-PCR ¥ 35 A= L B 5215
T B RNA B2 U5 [ 471571 - B 50~100 mg fit

TRUB I A (5 20 2 A ) 5 RNA S0

F & PRI B RNA (F 3845, 2016) , HARAL IR S W,

WA U A, $REBUYE RNA B T -80°C - 17 &%

Mo #R4E GenBank H 8 5% 1)) NSPaV & [K 41 )51

(B35 KT273410) , {di FH Primer Premier 5.0 8415

T+ 3 %4 ST 4 2422-F/R . 1338-F/R #1 1014-F/R,
XFNSPaV K 4] R BealbA T PCR Y44, Wi H (14 F Bt
KNG R 2 4221 338.1 014 nt(F 1) s iR E 3k
1R B NSPaV S KA1 BP9, o3 st 5 A v 41)
FIANER/ NS 14 5 RACE-outer/inner F11 3/ K vi [ 471)
AR SR/ SRS 14 3" RACE-outer/inner, ] SMARTer®
RACE 573" Kit i &9 # W B 1) J B/ 5]
k766 nt F1623 nt {1 5" F1 3 A FHN(F 1) 51015
AL S BRI R A BRA 7 A .

K1 AT EBINSPaV EE A5 1554

Table 1 Primers used in amplifying the genomic sequences of NSPaV in this study

519 SIFHI(5-3") RHEMEM PR Mbp B R BE/C
Primer Sequence (5'-3") Location Product size  Annealing temperature

5' RACE-outer CCAGAGTCCGATCCGAGACC 1 140-1 121 766 60
5' RACE-inner TCTCCCTGCTCTTCCCTCGC 766-747 62
2422-F ATGACACGCTGGATGAC 529-545 2422 54
2422-R GCTGTAGCTGCTTGCTG 2 950-2 934

1338-F AAGCGGCAAAGAAGAAATCC 2 882-2901 1338 50
1338-R TAGTCGCAACTGACCGTGGG 4219-4 200

1014-F ATCTGGGAATTACAACGGACAT 3 672-3 693 1014 51
1014-R CAACGTGGACCTTTGTTTGC 4 685-4 666

3’ RACE-outer ACCCGTGGAATCTGTGAAGG 4 146-4 165 623 55
3’ RACE-inner GATCCTGATCGGAGCCAAAT 4369-4 388 55

HHLRT-PCR Y"1 LI E RNA AR , (i
Oligo (dT) s FIF AL 7S 2R 51 ¥ 47 I % 5% 5 1l eD-
NA. SRR Z :RNA 1 uL . M-MLV 0.5 pL .
5xM-MLV Buffer 2 uL. \dNTPs 0.5 pL .RNase Inhibi-
tor 0.5 pL . Oligo(dT),, 0.5 pL BHEHL/SZE 547 0.5 uL,
ddH,O #}ME 10 uL,42°CF 7 60 min. K2 cD-
NA W& T =20 COKFER-AF 45 o PCRIEUWVAK R :
cDNA 1.5 pL.2xTaq Plus PCR Master Mix 12.5 pL .
10 pumol/L 1EJZ [ 514145 1 uL, ddH,0 #M 2 % 25 pl.
LR T 94 °CHIAZME 5 min; 94°CAE M 30 s, 4% F A
W IE R BE R R k30 s, 72°C ZE{H 1 min, 35 MG
5 55 72°C FEE 10 min. 3758 PCR 7= ¥
1.2% B BEWHEE IS B VKA T 08T

5'/3' RACE [ RT-PCR " : th T #AE e 5@ 1Y
Y93 B 3 A i JC Poly (A) &5 44, FIT LU T B8 47 1l 58 1
P T ETUCTE RNA B 3 A5 A A B3, 4 cD-
NA G AL Oligo-dT 5145 A s o RNWAKR
RNA 10 pL. 10xBuffer 2 pL . 10 mmol/L ATP 2 pL.
100 U/L Poly (A) Polymerase 2 uL, ddH,O #} & &
20 uL,37°C iR 20 min. B 5, ff FH 3/ K s 20
A ATFEE RNA , #45 SMARTer® RACE 5'/3' Kit i}
BB E AL R G 573" cDNA SRS FELLIRTS Y cD-

NAVE IR , A 528 PCR 4 BE A5 5/ F1 3/ A bt 7
G, HAPCR MR REEPFEPCR N . 5 158
PCR JZ W /& % : cDNA 1.5 uL,10xUniversal Primer A
Mix 1 pL.5"/3" RACE M5 ¥4 1 pL . 2xPfu PCR
Master Mix 12.5 pL,ddH,O #M & % 25 uL; KW AR T -
94°CFAS M 5 min; 94°C AR Y 30 s, 45 H A E ki
FE TR K30 s,72°CHEfH 2 min, 35 MEHR; fieJe 72C
FEAEAH 10 min, %5 2 PCR JZ W : 45 1 % PCR [ )i
724 1.5 uL . Universal Primer Short 1 uL.5'/3' RACE
NHR 519145 1 uL . 2xPfu PCR Master Mix 12.5 pL,
ddH,O #p f& 2 25 pl; J2 W 2T : 94 °C T A8 M4 5 min;
94°CAZ 30 s, 45 F AN IR KR EE TRk 30 s,72°C
FEAH 2 min, 30 MG ; fe )5 72 CFFEE 10 min, T
3 PCR =W 1.2% LR HEEE I B UK AT 2087 o

H A HE R A Bl sa e PCR H (19 A B B b
e DNA [t G 2lifk . 3'F15" RACE 1% RT-
PCR 9" 3415 2| 19 |- B 4l Ak 7 ) 3% 422 3 v B 4844
pTOPO-Blunt, ##{RT-PCRY H{HEINSPaV-2422,
NSPaV-1338 FINSPaV-1014 H B 4lifk i1y 1% 4 5]
S PR pMD18-T, SR J5 B % 45 7 W i AL B R T
& Escherichia coli DHS o J&%3Z 25400, 07 € 11 €4, 18
BT HH0.1% 2~ 5 %R 1Y 800 pL LB 5 5 4L
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H, F37°C 200 r/min Z5 4 F 845 8~12 h, il 1 X B
WA T PCR RGN 5 5 T A oo . B A B O ke
/D3RR B A T A TR (L) A
FRZAEII R . B DNAMAN 6.0 #5145 v i
1320 HN A T P3RS NSPaV JE N 41 2K 751
1.2.2 NSPaV A B 4149 55 547

M GenBank H1 T %k £ % 5% ) NSPaV JIr f3 5 4%
FER )P, A 4E 4 45 3L B 43 B R gk B o 5
Yy, F F BioEdit #4F (Hall, 1999) 4% 1.2.1 9" 2 {1}
w1 43 15 ) NSPaV-T04 J [K 41 4% 11 ik ¢ 51 Al AN [R]
FE AR X MR IT 55 A 5 55 NSPav £ [K 4]
FEANIEA TR LT, 43 BT L S AR U , LA v
4354 NSPaV-T04 J& K 2H (1) 43 F451E .
1.2.3 NSPaV A B 408 2 %X 7 w3

S NSPaV K&K 2H 1 7 2 o7, F| F MEGA
6 (Tamura et al., 2011) %% (4% FH 5 K AL SR = (maxi-
mum likelihood, ML) %} 15 2] ) 1 [5] 73 25 #) NSPaV-
TO4 LKA FH R T415 GenBank H A Rl K 5 4%
NSPaV LA A% AT R P 5 M i R G &k B, 4
General Time Reversible model £l Gamma Distributed
(G)#EETTREF , Bootstrap {HIX A 1 000 YK,
1.2.4 NSPaV A H ey T4 54

XTI A GenBank H1 ] H 1) NSPaV % [H 41 )7 41|
PEATE LRI, LA PaLV FE P HIE R AL . FIIH
RDP 4.0 %k 4 £J (Martin et al., 2005) 1 /iy RDP,
GENECONV ., Bootscan , MaxChi , Chimaera , 3Seq FlI
SiScan A~ 3 Rl A7 78 () T 2 A7 05 . FE 2 A
i, SR S ECR HIBONME, SR B 20 A 34

B hEHIAR(Gao et al.,2017)

2 BER55H

2.1 NSPaVERHRF S 1855

FIIH 3 5%F NSPaV 4 5145 | #3# i2f RT-PCR 4" 4%
B33 & BR/NR2422.1338 .1 014 bp I H Y
J Bz, HH RACE B AR FILEL S PCR 4 15 4745 37F1 57K
78, R BER /NG5 623 bp 1766 bp. 18 i3
J¥ F1 DNAMAN J¥51 5341, & P 315 200 h B 5
NSPaV H B B—3.

DNAMAN J7 9 P FL o Br g5 5 3= 00, o B 43
259 NSPaV-T04 JE [ 241 J¥ 51 44 4 4 991 nt, #£38
] GenBank 4k 15 % 5% 5 MN095353, £ 7% 4 /> ORF
(&1),0RF1(132~1 118 nt) F1ORF2(1 115~2 674 nt)
539 4% PL AT P2 25 M, 2L[E)JE UK T RNA 1Y
RNA R AHHRNA-dependent RNA polymerase, RdRp)
P1-P2 & &%), ORF3(2 740~3 360 nt) 4 fith 4h 5 &K
i (coat protein, CP) , ORF5 Xl ORF3 , 2L [A]#4 h%, CP
WEE A, /£ NSPaV I 4, R &S H e wE
I B Jm 9 25 56 4L A RLAY ORF4, IEAb, 5Kk £ 4L
HORE o 25 Jm s AH L, T 23 B ) NSPaV-T04 7£ 55
1326~1331.2 627~2 632 F13 167~3 172 {ii A% 1 iR
B FAFTEARSE TS GUAAAG , [HAESS 2~7 (i A%
TR B AR RSP . 5 CRIE R
SK 43 5 1) F1 56 [ NSPaV/12P42 4y B My A b,
[ 73 24 NSPaV-T04 JE K ZH7E 55 1 149~1 167 (i %
TR AN B EAEAE H 19 /B840 1 A A5 5T FE 1)

TR ARG 485 B 5 7% P<1.0x10°°HY, 2278 Y 1 51% 4y ~ CCCCGUUUUCUCUUUUGGG.,
A 132 1118 2740 3360 4320
5 3
1115 2674
B 529 « »2950 3672 ¢————p 4 685
2 882 « » 4219
—» 766 4369 ——

A ENAGHEL B: IG5 IR0 E . A: Diagram of the genomic structure

of NSPaV; B: nucleotide positions of primers used in NSPaV genome in amplification.

B 1 HE5 B NSPaV-T04 EE AR G E
Fig. 1 Diagram of the genomic structure of Chinese isolate NSPaV-T04

2.2 NSPaVERAHFIIDHER

AR FE X S S, A L 43 25 99 NSPa V-
TO4 5 2 [E 43 5 #) NSPaV/12P42 (KT273410) A #%
R 7 5 AL B e , M 96.4% (32 2) o X} ORF JL
ANEE L G b DX A R R R R 7 91 o3 AT 45 R 3R
B ,ORF1(RdRp P1)F1 ORF5(CP {4 () A28 5+

K, 5 GenBank 1 5 45 NSPaV %t [Fl 41 19 4% 1 1% 5
S AR 23 591 M 90.5%~96.1% F193.39%~97.1% , 4,
SR 7 5 A R 43 1 Sk 89.99%0~98.1% F1 93.1%~
97.1%; Il ORF3 (CP) AR 5F , 5 GenBank H 5 4%
NSPaV 3t [ 21 /) 4% 11 2 7 51 a2 SE R 7 5] f6) AH B
PEY I 43 1K 96.69%0~98.7% F197.5%~99.5% .
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R2 HESDEYNSPaV-T04 5 GenBank HEE 5% NSPaV 2 B WL EEL TN S B BL 5 51 AL Eb X 45 52

Table 2 Similarity comparison of nucleotide and amino acid sequences among NSPaV-T04

and the other five NSPaV isolates deposited in GenBank %
N TG L JPRGAENE2  JFREPES  JPkiEs
GenBaEIllk S SRR i) SEATE i) SEATE o] EAE o] EAE 3 e
BgE N NN ORF1 ORF2 ORF3 ORF5 N
GenBank B X Ui i i L A%
- Genome  5'UTR  HHR - R - TAf R - TAf R = 3'UTR
accession . . .. Amino .. Amino .. Amino .. Amino .
nucleotide nucleotide Nucleotide .. Nucleotide .. Nucleotide .. Nucleotide .. nucleotide
number acid acid acid acid
NC_027211  95.4 923 93.4 95.1 96.5 98.4 98.5 99.5 93.3 93.1 97.1
KP638562 95.4 92.3 93.4 95.1 96.5 98.4 98.5 99.5 93.3 93.1 97.1
KT273409 95.6 90.0 93.9 95.4 96.5 99.0 98.7 99.5 93.6 93.4 97.3
KT273410 96.4 95.4 96.1 98.1 96.0 96.1 98.0 99.0 96.1 96.5 97.6
MF326520 95.6 93.1 90.5 89.9 96.9 98.6 96.6 97.5 97.1 97.1 97.9
2.3 NSPaVERAFIIHRELBEWDH B YR AE L4, v 3 B SKER i SR oy — 40,

NSPaV J K 41 B4 FR Y 51 1) 22 5t &% B 40 bt i [ 4y B 4 NSPaV-T04 5 35 [ 4> B 4 NSPaV/
gE R, 6 2 NSPaV L[N 4L 7543 Ry 341,315 12P42 AF—4 , 24 X F il (K2)

0.01 100 | nectarine/nectarine/USA (NC 027211)
I—I—IOOL_{ nectarine/nectarine/USA (KP638562)
NSPaV/SF04522E/nectarine/USA (KT273409)
SK/peach/South Korea (MF326520)
96 NSPaV/12P42/nectarine/USA (KT273410)

NSPaV-T04/nectarine/China (MN095353)

B2 ETFNSPaVEREARF I URACAEGERESBYNSPaV-TM4 SEESZN BV RERER
Fig. 2 Phylogenetic analysis of Chinese isolate NSPaV-T04 and other five isolates based on the whole NSPaV genome sequences
by using the maximum likelihood method
P BT s N 280 43 B W/3F E2K R (GenBank % 5% 5 ) . The isolate/host/origin (GenBank accession number) are shown in
the figure.

2.4 NSPaVERAFIIMEAST 3 336 A% PR B, A5 AL RUTE SR 4 991 A% 1 TR
FIFHRDP 4.0 A iy 7027 RDP .GENE- &, (HAEE 2 =B H %0 81— A7 51

CONV . Bootscan ,MaxChi ,Chimaera . 3Seq Fll SiScan (W [E/>BSHINSPaV-T04) , %5 — > 367751 (3£ [E 43

XTHTA 6 25 NSPaV 73 B Wy LR 4 )7 S i AT EE 205> 254 NSPaV/SF04522E) o ik , K it , w5l 43 5

By, 255 s o oy B ) SK L RN RN — N ¥ NSPaV-T04 # ) i i/F & SE PR E 4R (3R 3)

HAA, HoA 3 MR P MaxChi . Chimaera . SiScan [ % HRFE—2 5 RIE

SERI PAE/INT 1.0 107, T4 4R W7 45 78 L R4 26

3R3 NSPaVERAHEHERE

Table 3 Recombination events detected in the NSPaV genome dataset

L %L%ZIRT?@J Parental sefquence Gk %ﬁﬁ Breakpoint /nt Kol
Recombinant EEEE@J ﬁ\%}?ﬁﬂ Eﬁ”. %E_E Program P
Major Minor Beginning Ending

SK Unknown A Al NSPaV-T04 3336 4991 RDP 2.84x10™
(NSPaV/SF04522E) GENECONV 1.64x107

Bootscan 3.31x10™

MaxChi 8.22x1077

Chimaera 1.03x1077

SiScan 5.62x107°

3Seq 2.89x10™*

*o UCSE R AN G ARIFS B —ASEA T 5 o , I NSPaV-T04 B Wi e SE R B4 . *: Due to only one

parental sequence in triplet and possible misidentification of recombinant, NSPaV-T04 may be actual recombinant.
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3 iFig

i T RNA R T A0 2R, RIIL7Ed 1 RNA
I3 B ik L2 3 B B, S sl O 6 R o B RN D42 vh e 37
FETC, R T DNA RGBT i K A Bery 5149
DA ARAIE 2 A HHAR Fr BEAA A I E 8 X 2 e
RACE PCRY 3 A9 TR K40 2K 75111 573
Vi 7 A1 PR 4 4 (BRI 45 , 20145 Gao et al.,
2016) , {5 F T[R90 B 2 R 21 1 4 S RE A B
AR 53 K7 9 e A AT FE R 2 2K P ¢
B, Xu etal.(2019) Myl H I E P4 NSPaV JE [
4K P ALY 1 2 Bk 5773 AR i 7 51 1 /Ny
4 578 nt ) NSPaV J7 41 . A 52 fd H RACE PCR "
BB AR BT, A 0 99 75 94 75 3K Ui JC Poly (A)
SERRRE R 7 3R PG , SETE RNA 37K Ui
A AL , > cDNA 6 AL Oligo-d T 5145 &
AL, [F R FHEE A PCR 5 vEY 3 5773 R e, e
ARIE T H 43 BS54 NSPaV-T04 52 PR 41 4 i 2 va e

A 58 F) F RT-PCR 1 RACE # R 15 IR #k15%
T NSPaV H1[# 43 55 4 NSPaV-T04 K 41 , 4 K
4 991 nt, £ 7% 41~ ORF, K &k ¥l 5 H T BUEW 58
o 2 25 KL ZH AR DL Y S ihis 20 2 117 ORF4, 5 Bag et
al.(2015) # Villamor et al. (2016 ) Iz i 1% FE R 45 4 —
., T NSPaV =iz shiE A, WiFHR 2L e e
IAZ YR 52 I NSPaV 7E 4 [a] i 55 % . NSPaV H
[ /3 259 NSPaV-T04 7E 45 1 326~1 331.2 627~2 632
13 167~3 132 (i AZ AT RO B A7 7EHH A 1 <7
I GUAAAG, 5 G K 250 s w5 m dAH
el (Domier et al., 2002) , {H7E S 2~7 v 4% 15 R o7 B
AR KRR HRIE AR F S GUAAAG, KZ
BOBTRE R T B R TR AE S 1 149~1 167 ViAZ R
EAEE 19 DT L P17 41 CCCCUUUUU-
CUCUUUUGGG, H- 8 1Ak 1 B¢ 22 0 A B8 1t M 355
(Domier et al.,2002) . H7[E /3 254 NSPaV-T04 & [X]
P b & AR SFIP A (BAESS 1 153 07 & 1 U
B G E e, 5 T HE /Y E ) SKORTSE [ 4 B
YINSPaV/12P42 — 8, ifG itk pras Lk,
[ 43 5 ) NSPaV-T04 5 3¢ [# 43 % ) NSPaV/12P42
() 5 2 5 FR B5clT , i DR AL A% A R A (AP R 96.4% .
X} NSPaV-T04 H [ 7325 4 ORF JLA~ & 1 4 i X (1)
% R TN 3 3L 18 7 91 EL X6 43 #7445 SR 26 B, RdRp P1
FCP 38 AR A8 O, T CP R R-SF. ORF3
it (1) CP & B 25 B PR 5F X (Mayo & Miller,
1999 ; Chomic¢ et al.,2010) ; RARp J&: i 7% & il #H 5
1, I ORFS 4t (1) CP il 52 85 [ X F4F oL #p ko

# % (Brault et al., 1995;Chay et al., 1996), A3k
1509 0 [ 2> B ) NSPaV-T04 15 120 25 1Y 52 il FlfE
BEDHE X 3 R B A K AR S, B IX 2 S D) fig X TR
B9 E b R PRl R A AR

RNA i 852 T A AP A8 R K A8 R e
e pfh . Horp  RNA G o RdRp B = M1 A9 AL
XTUIRE , R EOR A il R T & R AR R R
AR o 3k g H O ME ) 2 K 2 — (Drake &
Holland, 1999) . i ZH 2 4fE 5 RNA Ji 55 2% 5 E 4k
M EZ S 1 2 —, w4 SR A (cherry
virus A, CVA) %% 7% A (grapevine virus A, GVA)
NP AR R B9 25 (apple chlorotic leaf spot virus,
ACLSV ) 5B K4 ik g E2EE ] (Alabi et al.,
2014 ;Chen et al., 2014 ; Kesanakurti et al.,2017) . 7
WX NSPaV F K 41 (%) B 20 4B 25 SR e W A7 AR SE 1A
FL S, E S B SKORTH E 43 B ) NSPaV-T04
FE A FTefFfE A 5 . 3 Z 4 NSPaV-T04
2 IR SR AT BT Y A SRR TRk i oA i v
FRAS, HED RdRp 55 ORFS 19791 48 53 D) S 91 #2441
595 R RAVE LA 5, (L 429 NSPaV-
TO4 5Bk SRR R A REitE— 2T Bk

AW IR 3RS NSPaV H [E 43 55 1) Fk R 2 4=
KIFH, X% BP0 oy FREEAT T 08T, 302
IR E NSPaV SR 21 4K 7 91 B o0 FHRAE 9 7 IR
il . WA R EE T 2Bk NSPaV JE K417
FIME &1 H. 24 NSPaV 7E 3% [ (9 {2 QL AT Al #
S i P L e = S 1
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