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Genome and Biology of an Isolate of Apple stem pitting virus from Inner
Mongolia, China
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Abstract: One Apple spot pitting virus (ASPV) isolate NM was collected from an infected ‘Jinhong’
apple in Hohhot, Inner Mongolia, China, and its complete genome sequence was determined by RT-PCR
and RACE techniques. The Genbank accession No. is MK239268. The single-stranded positive RNA
genome of ASPV-NM had 9286 nucleotides, excluding the poly A tail, and its shared sequence identities
with the 17 published ASPV genomes in NCBI were from 70.6% to 79.2%. The phylogenetic trees based
on complete genome, RNA-dependent RNA polymerase (RdRp) and Coat protein (CP) sequences showed
ASPV-NM clustered into Group III, III and I , respectively. One clear recombination event was identified
in the isolate ASPV-NM. The ASPV-NM was sap-inoculated into Nicotiana occidentalis 37B, causing
typical symptoms of yellow spots and chlorosis, and the infection was further confirmed by the
transmission electron microscope.
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SRR EE (Apple stem pitting virus, ASPV) J& T LML EERL (Betaflexiviridae) MG
38 (Foveavirus) . 1ZJRTF /&3 R AFL 458 A A= 1 Ba 4995 78 (Martelli & Jelkmann, 1998). ASPV
T 1954 SEAESE[E F pu I RGBT SE IR (Malus sylvestris) _FAEATINE] (Smith, 1954), HHEIE
AERIER . B2 XA AT, T LG BGE 10% 1A #3218 F1 30%78 7 (Cembali et al., 2003). ASPV
ArLLg) R 3k 3 Je /NS (Virginia Crab) F1 R B, &AL 7R 277 (SPY27) Fl O6#%’ (Radient)
S IR A ) AR (Stouffer, 1989); LY ASPV 73 B4 231t AL PR FE Bt s5UFI K 38 S5
R (Jelkmann et al., 1991). ASPV HILIEEA MAELRE, (HEn @i G BEEZFE R (Yanase
etal., 1989). ASPV HiT£%) 800 nm, H#EZ) 15nm, AL LR (Martelli & Jelkmann, 1998).,
FEERIZH 9 I SCHEE RNA, S A2 9306 MEHER (nt), Jwh 5 SRR EHE (open reading frames,
ORF), ORF1 (34 ~ 6582 nt) %if 247 kD ] RNA &#if] RNA R &8 (RNA-dependent RNA
polymerase, RdRp); ORF2 (6685~ 7353 nt). ORF3 (7358 ~7717 nt). ORF4 (7629 ~ 7838 nt) 4
Wgmid 25, 13 fl 7kD A, EM1Z 505 5; ORFS 4ihl 42 ~ 44 kD [4h5¢E A (Coat protein,
CP)> (Jelkmann, 1994),

SRR EME TR RS, FERENEFN, FE VIR AR, TidbE e Y
. A ARILFERSE R A X . ASPV £F LR 5 NSERPEXBE G, B oA RIET R, 1
RAGHEEE F L7 ERE ASPYV £ KIERHAFHIHRIE (Livetal,, 2012; FROBGH 55, 2014; Li
etal,, 2016; FERLFE %5, 2018), MY H I A X BLILABSE R SR ASPV 4 B4 4 HE K241 7 41 1#
RIWARIE . A HRT TR, B SER 2 E RS, RESHMN SO HTHR
R E ASPV P EMIMELZEE, WAZEH ‘&4 ER BT ASPV &R RAFA, FHxfHit
AT AW AR R A8 AR A S A AT, BN, RIBOTSE (1) ASPV J3 Rl = B AN 24 i By 428 i it 4 4 3
LA

1 MRSk

L1 RIER

2017 4F 7 F 16 HAE A S0 RPAERS 7 [ RS IX A TR AN R ], BEMLIZESRE 10 bR ‘@2l BB, K
SR, FFRRICN 1~ 10, RERERIM AR R RAFT - 80 CUKH& .

1.2 DAS-ELISA #:1]

155 XA e o i B 4 8% (double antibody sandwich enzyme-linked immunosorbent assay,
DAS-ELISA) X} 10 M ) ASPV. SERABSRM B 5 (dpple chlorotic leaf spot virus, ACLSV)
FSER LV B (Apple stem grooving virus, ASGV) HBEATRI . ACLSV #1 ASGV f) ELSIA 5l &
AT 2B AR () AR A T, ASPV ) ELISA ik & T£E ACD AF], iR /E#R
YT
1.3 RT-PCR #&

KH CTAB i ENGHATHT G2l 3T 7R R R EUS RNA, R T 50 uL ToAZ BB /K o
F Nanodrop One il &A% & £ ¥R B e A e e B, o B g W e L ok A N 5 . DA 1 g
& RNA AR, FIF Oligo (dT) #EAT [ 3%, TR RNA fRF7T - 80 CHI&H . LUk Fr 3 cDNA
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B, PCR Kl ASPV. ACLSV 1 ASGV, 5I# W% 1. PCR iR E )4 10 x PCR buffer 2.5 pL,
dNTP (2.5mmol - L") 2.0pL, 314 (10 pmol - L) & 1L, Tag B 0.5 uL, cDNA2 uL, KEM
FRIKHNEZE 25 L. PCR M6 N: 98 “C 4 min; 98 C 30s, 60 ‘C 30s, 72 C 1min, 354
fiE¥F: 72 °C 10 min. PCR f=#1&id BB WE AL Ik €, 10 ASPV BHE, ASGV 5 ACLSV B
PERIRE b AT J5 B2 4 R R AT 510 e DA B 27 32 3 BRI

1.4 ASPV-NM K ERFEFFNE

ZROE AN 174 ASPV R A FH 8 1E T 7 % T ASPV-NM & KB R AP 5K 1),
LA cDNA At iEfT PCR ¥, KAIBAEYI N 25 pL () 1.3), KA SMARTer™ RACE &
(Clontech, USA) ¥ #f ASPV-NM %K 55 30, #AESHZ Y. PCR = 1.0%IEfEHER
BRI [0, =45 p T vector (Aidlab, China) 42, =% N\ E. coli DH50 &%
AU (TaKaRa), ¥J2148AF T8 50 mg - L Amp £ LB Bk 973 1, 37 CHFRER. BEbLEk
i B T R B VR BB T BT 7%, X PCR %52 A PH: (1 B VR B BT bz, o s o i D7) 45 SR Dl B 1 )38
WA TAYEARGRAT AT, A K BE 3 ANBHMETRL, 67455 RA Vector NTI
Advancell BAFATRIER B

®1 FWHRAA5

Table 1 Primers used in the present work

B R 514 FH (50 -3 ® fr#E (nt) °
Aims Gene Primer Sequence Position
Kl detection ACLSV  A52 CAGACCCTTATTGAAGTCGAA NC001409 (7213 ~ 7233)
A53 GGCAACCCTGGAACAGA NC001409 (6876 ~ 6892)
K detection ASPV ASP-C CTCTTGAACCAGCTGATGGC NC003462 (9019 ~ 9038)
ASP-A ATAGCCGCCCCGGTTAGGTT NC003462 (9263 ~ 9282)
K detection ASGV  H5873 CCCGCTGTTGGATTTGATACACCTC D14995 (5871 ~ 5895)
6396 CTGCAAGACCGCGACCAAGTTT D14995 (6373 ~ 6394)
5' WGY 5 RACE ASPV 5'RACE TGTTCCTCAGAAGTGAATGA NC003462 (101 ~121)
5'RACE TCCATGCATCCAGGAATGAG NC003462 (553 ~571)
FERIZHF B3 Genome amplification ASPV ASPVI-F  GGATACGCAAACAAACTCTGAA AB045371 (1~22)
ASPVI-R  CATGCADGGYTTRAARTGRTTRTC NC003462 (3627 ~ 3650)
LR B Genome amplification ASPV  ASPV2-F  AATCAYTTYAARCCHTGCATGCC NC003462 (3630 ~ 3652)
ASPV2-R  CAAAYTTBGTGCAVAGYTGRGACT NC003462 (5725 ~ 5748)
FEFZH A B Genome amplification ASPV ASPV3-F  GATTGYCCWGTBGTGCTWGTTTC NC003462 (4752 ~ 4774)
ASPV3-R  TTBGTGCAVAGYTGRGACTTCAT NC003462 (5722 ~ 5745)
FER B 1 Genome amplification ASPV ASPV4-F  GTCYCARCTBTGCACVAARTTTGA NC003462 (5726 ~ 5749)
ASPV4-R  TBAAHARACTVAGCACAGTTTCCAT NC003462 (6711 ~ 6735)
LR F B Genome amplification ASPV  ASPV5-F  GTYTDTTVAABGARTTTGGHTTTGA NC003462 (6721 ~ 6751)
ASPV5-R  DACYACRCCCTGACCTARKGGGTG NC003462 (7853 ~ 7876)
FEFZH A B Genome amplification ASPV ASPV6-F  GGTCAGGGCGTATCTGTTTAATATT NC003462 (7862 ~ 7886)
ASPV6-R  GAAAATCTAGTTAAAACAAAAATAAG  NC003462 (9307 ~ 9332)
3'i3 4% 3' RACE ASPV 3'RACE AGCATGTCTGGAACCTCATGCT NC003462 (8896 ~ 8917)
3'RACE GACTTCTTCTTTGGAGTTGAG NC003462 (8988 ~ 9008)

H: *V=A+C+G; D=A+T+G; B=T+C+G; H=A+T+C; W=A+T;

J (53 B ACLSV (NC001409), ASGV (D14995), ASPV (AB045371; NC003462).
Note: *V=A+C+G; D=A+T+G; B=T+C+G; H=A+T+C; W=A+T; K=T+G; Y=C+T; R=A+G, °The binding sites
relates to ACLSV (NC001409), ASGV (D14995), ASPV (AB045371; NC003462) .

K=T+G: Y=C+T; R=A+G, ° & aEEmy
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1.5 ASPV-NM EFEZEH, FH—8ME. RELEUREHDH

f# /il Vector NTI 11.5( Thermo Fisher Scientific, USA) #4475 45 AT 4% . R T ASPV-NM,
£ NCBI H & H 17 MCE AN ASPV 2K A 75 (£ 2), {1/ SDT ¥ 41 MUSCLE /741
EEXHE 7 (Edgar, 2004) # ASPV-NM KA 755 17 4~ ASPV Z25 5K H 5 F1 #EAT P 9 EL X .
K MEGA 6.0 #ff (Tamuraetal., 2013) Zplf@k T2 KIERHAFF]. 4K RdRp EF A 4K
CP R M RG KGN, W F % 2B (Grapevine rupestris stem pitting virus, GRSPaV) 4x
KEERHFINE NSNS (JX559646). FEMTTIERH ELARZ, HREEZMEEEN 1000,

FIF} RDP ¥4 (Martin & Rybicki, 2000) ] RDP. GENECONV . Bootscan. MaxChi. Chimaera.
SiScan il 3Seq J7 VA 18 A~ ASPV &K IR M FH b B A FAF . AR T7 75 S5 BN 2R
B, RAGET “LrEFs7 M43t 8H)7 PAES, FsE P<10° FED 5 Fbl EJiEk
DE ) A AN e e 3 A A .

%2 FWRAAN 18 4 ASPV 2EEEFF)
Table 2 Complete genome sequences of 18 APSV used in this study

NCBI &35 I3 wFE EES ¥ B/t
NCBI accession No. Isolate Host Country Length
AB045371 IF38 H Apple H 7 Japan 9293
EU095327 PRI %L Pear "1 [E China 9336
FR694186 Palampur S Apple EIEE India 9267
JF946772 KL9 ZL Pear 1 [E China 9265
JF946775 KL1 %L Pear " [E China 9265
KF319056 PM8 ¥ Apple 78 [ Germany 9284
KF321966 PB66 I Apple F2 [# United Kingdom 9363
KF321967 Hannover L Apple 8 [ Germany 9324
KF915809 YT 3 Apple *[E China 9270
KJ522472 YL I Apple *H[E China 9262
KU308398 HB-HN1 ZL Pear 1 [E China 9270
KY242757 AKS 3 Apple *[E China 9296
KY490039 NM I Apple *H[E China 9286
KY702580 GA2 W Apple *F[E China 9358
KY702581 GA4 3 Apple *[E China 9276
LM999967 N J75 E15 B No host information  F1JF India 9254
MG763895 LYC %L Pear 1 [E China 9273
NC 003462 (D21829) PA66 IR Apple [ Germany 9332

1.6 EXFELEE

K BT RS 5 . M2 045 4 RT3 (Chenopodium amaranticolor)-
Bt (C quinoa). V77 37B (Nicotiana occidentalis) FIANH (N. benthamiana) . TR K
211 gy ‘@4 MAMAS mL &7 0.15% (AR g - Sidk 4B 0.45% (fRBILL) =258k
AL IR (DIECA) MITERRZE M HR TS o FERFEE M R IIN—25/4) 400 B A5 5, FIA
TR R BORU R R EE R B A i b K R IR G2 vl i AR B It B . A S
IR IRAFEIRE 65%, 16 h /8 h FAREI R FR A R R M EE . P AR R I R IR J5 2R
LERIEEYIM v, FIH RT-PCR AT R

1.7 RERTEFEREYE
B VEFRAE A VE 7 378 it 7 B3 b, TN 2.5% 8 8 [t 58 WA TRIEDIRE , DITRERE Rl T

BT M L, A pH 6.5 1) 1% R G4 (7 2 ~ 3 min, BUE T BTG B T3E 8 7 B85 (HT7700)
gL,
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2 RS0

21 H@mmEEBER

DAS-ELISA 5 RT-PCR il 25 5B —2 (K 3), RER 10 1 FESh A R AE 5 S FE BRI 2] ASPV,
AAIE] ASGV 5 ACLSV, [KULIEE 5 5T 5 92 4 3L R 0 P 38 Fn i oA 25 = Vu Rl g » 3
oA St RS 45 TR LK 3

£3 10 ‘@40 FRHEEFPE ACLSV, ASGV 5 ASPV i) DAS-ELISA 5 RT-PCR #&RIZ5R
Table 3 The results of DAS-ELISA and RT-PCR detection on ACLSV, ASGYV and ASPV in collected

10 samples of ‘Jinhong’ apple leaves

Ff g 3 SRR P FR IR RSN
Sample ACSLV ASGV ASPV
1 + + _
2 + + n
3 - N i
4 + - +
5 N - +
6 - + -
7 + + -
8 — - -
9 - + +
10 + + -
VE: 4+ B, “- 7 B
Note: “+” positive, “ - ” negative.

2.2 ASPV-NM EFB%EH ., FHI—BMMRAZELE ST

F—AN B3 AN R —8 B TIR181 6 NRERFA BRI 55 3'RACE F BOji it [|) 47
EZ /0 100 nt EZ X, i Vector NTI 11.5 ¥ [ ContigExpress Project [T [ Assemble ZhfigZH
RS ASPV-NM [ KIERAFFH], KFEERN 9286 nt, E'5 MK239268. %3 K440 5 NI
BEiEHE, 4354 RdRp (61 ~6612nt, ORF1), TGBI (6719 ~7390nt, ORF2); TGB2 (7392 ~7
754 nt, ORF3); TGB3 (7 663 ~7 890 nt, ORF4) F1 CP (7 964 ~9 154 nt, ORF5), 5'5 3'3idEdw
B5 X K B 40531l 132 nt A1 60 nto 4355047 T ASPV-NM 43 245 NCBI HH A A 17 4~ ASPV 4y
B RN HAZRF S, S'UTR. 3'UTR. RdRp. TGB1. TGB2. TGB3. CP %R — & P& 3L
R —8E (£ 4.

ASPV-NM 7 B5#¥)5 17 A~ ASPV 7 B & 5 AR —FUHEN 70.6% ~ 79.2%, SMEH )R
(1) ASPV Hi 7 B4 1IF38 (AB045371) WIFH—FMEm, N 79.2%, ST EAE S EY PRI

(EU095327) — 3k fk N 70.6%; 5 17 4> ASPV 234 5S'UTR KRR — i 82.8% ~ 90.9%,
3'UTR WL — BN 67.9% ~ 82.3%, Ho i1 5 BV EE 3 5L 73 B54)) Palampur(FR694186) 51872 5'UTR
AL 3'UTR R —FUEH SRR 5 17 A ASPV B4 RdRp FEH IR —FMEN 68.5% ~
79.6%, RIEER—BHEN 67.4% ~91.5%; 5 17 /> ASPV 43 &4 TGB1 F: [N %R — BN 76.7% ~
83.9%, I —EEN 88.3% ~96.9%; 5 17 1 ASPV 4 &4 TGB2 F: [N %R —BUME AN 74.7% ~
84.4%, BFEM—HEN 73.3% ~84.2%; 5 17 > ASPV 4 &) TGB3 [N IR —EUE N 76.4% ~
86.4%, BRI —FMEN 71.4% ~ 90.7%; 5 17 4~ ASPV /B84 CP R IAZIR — 8N 69.3% ~
87.6%, I —HMER 44.3% ~ 92.7%.
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F4 ASPV-NM 5 17 B L EN ASPYV FEMZ EH—BMHESH
Table 4 The percent of sequence identity between ASPV-NM and 17 published ASPV isolates

By WetrEnt 5" F K&/ (nt/aa) Triple gene block HhFEE 3% E
Accession Genome i&/nt RdRp/(nt/ aa)  TGBI TGB2 TGB3 / (nt/aa) iR/t
No. 5'UTR CP 3'UTR
AB045371 79.2 86.7 79.6/91.5 80.3/94.6 76.1/78.3 80.9/77.3 77.9/86.4 82.2
EU095327 70.6 87.9 68.5/67.4 77.7/88.3 75.8/73.3 77.3/73.3 76.6/44.3 76.3
FR694186 76.7 82.8 75.7/85.9 82.1/95.1 81.7/82.5 84.4/89.3 78.2/86.1 67.9
JF946772 74.4 87.9 74.6/85.6 78.6/92.4 74.7/71.5 77.0/71.4 69.9/71.3 74.6
JF946775 75.1 87.9 74.9/85.5 79.5/91.0 78.9/80.0 77.9/77.1 72.7/72.6 78.9
KF319056 78.9 85.0 78.7/90.3 83.3/95.5 81.7/81.7 83.6/88.0 76.0/83.1 80.8
KF321966 78.2 83.3 75.5/88.3 83.9/96.9 81.9/84.2 84.0/90.7 87.6/92.7 82.3
KF321967 74.8 833 75.0/86.1 79.7/91.9 75.0/78.3 77.0/81.4 71.0/78.0 79.2
KF915809 76.8 86.4 75.9/88.2 77.6/90.6 84.4/84.2 86.4/88.6 78.8/86.6 79.1
KJ522472 78.9 90.9 79.1/89.5 78.3/93.3 79.2/81.7 80.0/76.0 76.4/83.8 79.5
KU308398 77.5 83.3 76.1/88.2 82.2/96.4 79.4/82.5 85.8/86.7 80.8/85.3 79.5
KY242757 75.3 86.4 75.9/88.4 78.8/91.9 75.6/81.7 76.4/74.7 69.4/75.1 74.2
KY702580 76.2 85.0 75.9/88.0 77.4/91.0 78.1/80.8 78.2/76.0 75.1/83.3 81.8
KY702581 77.5 86.4 76.1/88.6 82.5/96.4 77.8/83.3 82.6/88.6 81.4/89.1 77.9
LM999967 75.0 87.9 75.9/86.7 77.7/91.9 75.6/78.3 78.2/77.3 69.3/73.1 76.0
MG763895 75.5 86.4 75.7/88.4 76.7/89.7 78.1/80.8 79.1/80.0 71.4/76.4 78.0
NC_003462 77.2 84.7 76.0/87.0 81.9/96.0 82.2/83.3 84.0/88.6 81.1/85.4 75.0
(D21829)

3T T NCBL AR 17 4> ASPV 43 @) 4 5K 4H A% % /7 41, S'UTR.3'UTR\RdRp. TGBI1 .
TGB2. TGB3. CP MR —H MR —F M. 17 4 ASPV /)& AME — BN
70.7% ~ 92.4%; H: 5'UTR HIRZER — A 75.9% ~ 100.0%, 3'UTR HIRZER —8: A 73.8% ~ 95.5%:
L RdRp 2 [H LR —EUEN 68.0% ~ 94.0%, ZIEFR—FUH N 67.2% ~ 97.6%; H TGB1 £ H 1%
TR — N 75.6% ~ 92.9%, RIERE —BMEAN 87.9% ~ 98.7%; H: TGB2 FE A ML IR — SN 72.5% ~
94.5%, @I —FHEN 72.5% ~ 94.2%; H TGB3 I FIKEER — N 74.2% ~ 94.3%, HILER—3
PERN 67.1% ~97.1%; H CP FEF LR — N 67.4% ~ 96.6%, IR — N 36.9% ~ 98.0%.

ETAKERATFTIENRGREHMM (B 1, A ¥ 18 4~ ASPV 7 &Mk 4 M4,
ASPV-NM 43 B4 MK239268 5 [F 3% 540 B 47) KI522472. {8[E 305 54 KF319056. HASER
W) AB045371 RS —ilE, MR TN, S8 HE 2K (JX559646) HAIE R 3o

R RARp MK RS K B (B 1, B) ¥ 18 4> ASPV 23 E44> i 4 N4, ASPV-NM
4% B MK239268 54 [ 3 4> B4 KF319056. HASER4r 254 AB045371 BAEAE ik, MK T
HII, ANV HEE T (JX559646) HIMTE R/ o

BT CP RENMWEK ARG A FIILA (B 1, C K 18 4 ASPV B i 4 A4, ASPV-NM
43 B9 MK 239268 5 5% [E] 3 14 354 KF321966. H [ 3E 4 5547 (K'Y 702581 KF915809.KJ522472,
KY702580). HH[EZL5 24 (KU308398. EU095327). fH[EE /34 (NC003462. KF319056).
E[EESE R B4 FR694186 AIH ASSE R B3 (AB045371) R —ie, M TA 1, 4SibihiEs
2R EE (JX559546) HMIER S (K1),
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A 98 KY702580 China Apple
452|£ KF321966 United Kingdom Apple
64 FR694186 India Apple
73 79 LM999967 India No host information | Group I
KY242767 China Apple
57 KY702581 China Apple
100 7 EU095327 Chiina Pear
L NC 003462 Germany Apple .

81— KF915809 China Apple :l Group Tl
L KF321967 Garmany Apple

KJ522472 China Apple
@ MK239268 China Apple

100 KF319056 Germany Apple
AB045371 Japan Apple

&: JF946775 China Pear

79 JF946772 China Pear

J: KU308398 China Pear
MG763895 China Apple

JX559646 Canadian Grape

100 Group III

Group IV

i‘: 1.M999967 India No host information -
FR694186 India Apple

60 ﬁ': KY702580 China Apple
KF321966 United Kingdom Apple
KY242757 China Apple
92 |: KF915809 China Apple Group I
84 KY702581 China Apple
KJ522472 China Apple

100 —— NC 003461 Germany Apple
L EU095327 China Pear i

ﬂz JF946775 China Pear
83 JF945772 China Pear
&C KU308398 China Pear
MG763895 China Apple
) E— MK?239268 China Apple
% KF319056 Germany Apple ] Group III
AB045371 Japan Apple

KF321967 Germany Apple —> Group IV
JX559646 Canadian Grape

86

80

Group II

66

C 91 ®MK239268 China Apple T
457|£ KF321966 United Kingdom Apple
57 KU308398 China Pear
KY702581 China Apple
4100‘: NC003462 Germany Apple
EU095327 China Pear Group 1
53 KF915809 China Apple
AB045371 Japan Apple
FR694186 India Apple
KF319056 Germany Apple
55 100 —— KJ522472 China Apple
L KY702580 China Apple .
KF321967 Germany Apple —> GrowpIl
s MG763895 China Apple
100 JF946775 China Pear :l Group IIT

JF946772 China Pear

95— LM999967 India No host information
L KY242757 China Apple Group IV
JX559646 Canadian Grape

1 EFL2EFEEFST (A, RdRp (B) KUK CP (C) EEME 18 I ASPV S EHIRH LR
SIRACBERRES 1000 RIFEE, HA R KRR ASPV-NM 73 54,
Fig. 1 Phylogenetic analysis of 18 ASPV based on the complete genome (A), RdRp genome (B) and CP genome sequences (C)
Numbers at the branches indicate bootstrap percentages (1000 replications) , and the black round spot indicated ASPV-NM.
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23 EHEST

£ 18 > ASPV 23 WL R 54 b JLAG I 2 31 NEHFEME, Hg 16 DMorBvdt RN h 7
TEEHFAF, HATEENESE R4 B ) FR694186 11 [ 3 570 254 KF319056 F K 41 wh 5 A A6 i 3 =
P, 1EHASER B0 AB045371 . HHEZL B4 EU095327 . A ESER B (KF915809. KY 702580
KY702581) 5 NI AR LAl 2 7 3 NEHEHAFM, fEFHERSEY (JF946775. KU308398.
MG763895). FEESEREY (KF321966). ENREESr B4 (LM999967) (A 77 315 5D MFERI4H
rHEARTIE] T2 ANEAFEME, HAb S SRR 1 AN EHEMS RS,

®5 FRIEFBSBMNEEEAEN

Table 5 Potential recombination events of Apple stem pitting virus isolates.

iy EALEY R 75 v (SN KA PH HAME

No.  Recombinant Method * Major parent ” Minor parent P-value ° Recombination region

1 AB045371 RGMCS LM999967 KF319056 9.417 x 10°% 1~4673
2 AB045371 RGMS3 ASPV-NM Unknown (KF319056) 9.758 x 1077 1~2812
3 AB045371 RGCS3 Unknown (KY702581) ASPV-NM 6.352 x 10 4676 ~ 6596
4 MK239268 RGMCS LM999967 KF319056 9.417 x 10° 6~4674
5 EU095327 RGBMCS3 MG763895 Unknown (KY702581) 2202 x 107" 2~1855
6 EU095327 RGMCS KJ522472 JF946775 7.808 x 1077 2627 ~2990
7 EU095327 RBMCS LM999967 Unknown (KJ522472) 9.434 x 10°® 2024~2292
8 JF946772 RGBMCS3 MG763895 Unknown (KY702581) 2202 x 107" 1~1855
9 JF946775 RGBMCS3 MG763895 Unknown (KY702581) 2202 x 107 1~1855
10 JF946775 RGMCS Unknown (EU095327) JF946772 2.921 x 10 926 ~1872
11 KF321966 RGMCS KF319056 Unknown (FR694186) 1.594 x 1077 1~2770
12 KF321966 RGMCS Unknown (FR694186) KF321967 1.045 x 1072 2774 ~6617
13 KF321967 RGMCS KF319056 Unknown (FR694186) 1.594 x 1077 1~2009
14 KF915809 RGBMCS Unknown (FR694186) MG763895 8.220 x 1072 1~1907
15 KF915809 RGMCS Unknown (FR694186) KY242757 4.888 x 1072 1859~6618
16 KF915809 RGMCS MG763895 KY702581 4.896 x 107 6658 ~7899
17 KJ522472 RGBMCS3 MG763895 Unknown (KY702581) 2202 x 107" 1~1885
18 KU308398 RGMCS KF319056 Unknown (FR694186) 1.594 x 1077 2~2766
19 KU308398 RGMCS Unknown (KY702581) KF321966 7.719 x 107 2783 ~6554
20 KY242757 RGBMCS Unknown (FR694186) MG763895 8.22 x 1072 1~1907
21 KY702580 RGMCS Unknown (FR694186) KF321967 1.045 x 1072 2774 ~6610
22 KY702580 RGMCS KY702581 KF321966 2.448 x 107 6671 ~7831
23 KY702580 RGMCS KF319056 Unknown(FR694186) 1.594 x 1077 1~2768
24 KY702581 RGMCS MG763895 KF915809 1.449 x 107" 115 ~957
25 KY702581 RGBMCS Unknown (FR694186) MG763895 8.220 x 10 1~1855
26 KY702581 RGMCS Unknown (FR694186) KY242757 4.888 x 102 1858 ~6654
27 LM999967 RGBMCS3 MG763895 unknown (KY702581) 2202 x 107 1~1855
28 LM999967 RGMCS JF946775 KJ522472 6.018 x 107° 2039~2293
29 MG763895 RGBMCS FR694186 NC_003462 1.936 x 107" 2~1891
30 MG763895 RGMCS KY242757 Unknown (KY702581) 6.775 x 107" 1927 ~6 635
31 NC 003462 RGMC3 KY702581 MG763895 2.921 x 107 2661 ~3016

Wt BAMEITTVEI S : R: RDP; G: GENECONV; B: Bootscan; M: MaxChi; C: Chimaera; S: SiScan; 3: 3Seq: ° JE[H %
Ty © PAERRMI R R RILARETNER P, A6 2 T AU 7 2 b AR K P AR .
Note: * Abbreviation for each methods; R: RDP; G: GENECONV; B: Bootscan; M: MaxChi; C: Chimaera; S: SiScan; 3: 3Seq:

® GenBank accession number; © The reported P-values are for the methods underlined, and are the lowest P-values calculated for the region quoted.

2.4 EMIKIGFRSHRFUWE

RS EVE TR 37B A 3 BRI B S ARG A S TE (K 2, B), (HHABAMREY k%
PUREIR « FIF RT-PCR Aill#fbnt B, HAE 3 BRRBUEEARIIPE 770 378 LA 2] ASPV, 175 HAh
ARFIUER TG T 37B LA AER a2 . B AR M E ARSI ASPV. HUE M ELEIE
FIVE M B, RERSE B A R Rk T, HK 2 800 nm, %4 15nm (2, C).
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B2 REEM (A) FEM ASPV-NM HESEHRE (B) URFAMBENZINHEINT (O

Fig.2 The negative control (A), ASPV inoculated N. Occidentalis 37B leaves (B), and transmission electron micrograph

of virus in symptomatic N. occidentalis 37B (C)

3 Wi

S LR E BRI EE 2 2 2 WOR UG 23 )& A R R RdRp BRI E# CP R H A% IR 7 51— Bk
KT 72%80E F IR 25— FEAL T 80% (Adams et al., 2012). ASPV-NM f RdRp FE[F Al CP 3
K5 ASPV #5507 254 1F38 [f) RdRp &K A1 CP S RAZ IR — B4 3N 79.6%H1 77.9%, RAFEMR—
N 91.5%H1 86.4%, IXELKLHRIUE 1% BV JE T ASPV. I #% R — BUME /0 Hr 3R AT W] UK BN
ASPV-NM 5 HAth 17 A~ ASPV 70 B9 (1) 3 R AL R — B4 70.6% ~ 79.2%, FHifth 17 A~ ASPV 405
DA I TR R DR A A e — BN 70.7% ~ 92.4%, ASPV-NM 5 CL4RIE ) ASPV 2 B B BAR 4%
B — Btk BARTE RN A L REVHEATATRER, (H %8 5] N R ASPV B
MBI PG 37B b, P ASPV-NM & —MNE 1R YLt ASPV 23 B4 .

Ma 55 (2016) MW 12 N REM 451 AR 14 ERFEM 3RS T 48 4~ ASPV |
CP K F1 66 4~ ASPV [ TGB #:[H . HRIEEF] ASPV [) CP KA TGB 3 [A 7 51 K 22 ) AL A S
IR EYMRIEER . AU E ARG N 3 3, K ASPV 4 B AR I M ER A B AH O HA
AR HEARPFEFIET 18 /> ASPV B &K EK4H )7 %1, RdRp ZEFA CP HE R 4%
[RGB MU ASRE SCRE ASPV 43 B4 IH] 2 BUHbERAL B AR SR 75 £ oM, XA RE S REAR B
K, FETAKIERAFH]. RARp FEEFI CP HEFM E I RS R B LR BR#K 18 4~ ASPV
SEMRI N 4 ANE, (HRETAEKERANST 4 N EET RdRp R A CP EEF R4 4 A
AN AR, U HAEPZERET RERKE B RARS R, XERRELIEH
RGu b o R BT 2 15 Fhnid,  DUA B TEIAER 7> 845 0

HEAEHGR T REIETEENEN, ZHRAEREEDN RS RNA R REL
(Sztuba-Solinska et al., 2011). Ky ASPV v DUB I I8 A 3%, xS HALFEEN A TE . (Adams
etal., 2012), PG MAEHEA R X KB 5 sk, CARIEA RN 112 B 5] R e diAs
[ X LA AR 25 2 2 T s 4Ltk . ASPV 1 CP JE K A 4 A IE (Yoon etal., 2014), i
HETF 124~ ASPV. SERZYAMH I EE (Apple green crinkle associated virus, AGCaV). 8%
B (Apricot latent virus, ApLV) PLMARHREEMBERIE: (Peach chlorotic mottle virus, PCMoV) [FH
HEMI LY ASPV BEB SR EHE (Lietal,, 2016). AWM T 18 > ASPV 7> 43t
AR R R, SRER 54 ASPV @Y RA =ZFHEAHM, 5> ASPV 7 Y AAWEHAH
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f, ZEERBFUGEH T EHE ASPV ML EER K. 521 ASPV-NM 7 &4 s 2] 1 4=
HE:, K ASPV-NM =& —NEAFI Y. HENKIESisi bl &2 BEigEEd 7 ASPV R
A 25 3 2 [l fF E 4
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