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Preliminary detection of viruses in Japanese apricot trees in China

WANG Cheng’an, ZHOU Jun, CHEN Mengting, CUI Xiyun, GAO Rui,
XIAO Hong. LU Meiguang, ZHANG Zhixiang, LI Shifang

(State Key Laboratory for Biology of Plant Diseases and Insect Pests, Institute of Plant Protection ,
Chinese Academy of Agricultural Sciences, Beijing 100193, China)

Abstract Japanese apricot ( Prunus mume) is an economically important fruit and ornamental plant, which origi-
nated in China. It is susceptible to different viruses. Viral infection may cause some severe diseasess resulting in
significant economic losses. However, viruses infecting Japanese apricot in China are still unknown. Here, we
carried out a large-scale survey of virus diseases of Japanese apricot in Wuxi, Wuhan. Shanghai, Hangzhou, and
Nanjing in China. Suspected virus diseases were found in almost all Japanese apricot gardens. Symptoms mainly in-
clude leaf curl, vein clearing, and mosaic. A total of 115 leaf samples were collected in spring and early summer
and were detected by RT-PCR using specific primers for Apple stem grooving virus (ASGV) , Cherry virus A
(CVA), and Asian Prunus virus 1, 2, 3 (APV1, APV2, APV3). The results showed that ASGV, CVA, and
APV2 were positive with infection rate of 30.4%., 4.3%, and 3.5% ., respectively. The amplified products were
sequenced to verify the three viruses. The obtained sequences of ASGV, CVA, and APV2 shared 86% —99% nu-
cleotide identity and 83% —99% amino acid identity with those deposited in GenBank. It was the first report of
ASGYV and APV?2 in Japanese apricot in China. Furthermore, phylogenetic analysis showed that the isolated APV2
was closest to those isolated from Japan. Since the exchange of Japanese apricot propagation materials is frequent
between China and Japan, APV2 may be transmitted through propagation materials between the two countries.
The presence of ASGV, CVA, and APV2 means a potential threat to Japanese apricot industry. More attentions
should be paid to virus diseases in Japanese apricot in China, and some actions should be taken to control the diseases.
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O HETE BIZER I, T it S5 g r 1 Mg AL 5
PSR 2%

HHEAE K E TR G2 2R g T2
SEHLZEVR TR Apple stem grooving virus (ASGV) P
MeEEE A Cherry virus ACCVA) N ZEE 8 Asian
prunus virus 1, 2, 3(APV1, APV2, APV, H
i CL B A= Qe A A o B R 22 R AR e TP I H AR
1990 4 Takahashi % 78 H A AR T AS-
GV (EAE 2 1% 2 1985 4 i p [ A 3 H
AH . Marais 5 F H] RT-PCR ¢ A AE 3 [ VL5
At A T CVAL I B 9 5 485 70 B ) ik
M= 53 B G 53 B W LA ARk 3 5 00 ) 510 A9 A A
PERHE 90% L . APV di 5 iy Hadidi 255 78 WM
2B AR BT IR R Ui 24 0 B R T IR 5 Asian
prunus latent virus (APLV), Marais £ 3T 3K
L ST 5 0 ikl APV & T S B2 M 7 R
Beta flexiviridae F MG R @ Foveavirus, 7185 FH
HAHH APV 4356w 4k APVI,APV2, APV3, 3 )
HAHIME B T APV Al APV25 ) 2016 4F Ma-
rais 510 FH e S R B R PR H A [ g 1 A
HT APV1.APV2 31318 T APV1 5 APV2 #4y
BRI AP s . BT FREME e e A
AT W ANTEAE T [ 5 H A Z ) Mg A 5 55 9558
DA o 2 T RE 2l B AR 1% 4%

CAHMIE R ASGV.CVA 5 APV {3 ety
Hh AR DR Y AR . ASGV ZF E5u ) iz, &
TG FIR B NG PP SE e A A 2 A T
B, CVA 2R YRRk Bk & SE 2B Y . 1E
IS H DX TR 5B TR AR A R

H AT E WA & APV BRAENR D AETL IR Rk R
HAPV3IY | R APV 4h, ASGV 5 CVA 7E3R 1)
SRR Z .

1 W TR AR L e T ) & A L A
I S AF 5 T T S M R A R RT-PCR A& .
WL T B0 LA Mgl b BEA s 3 35 1 & AR
TE0L I HI# T ASGV.,CVA FIl APV2 7£ 3 [F #fg
B R A . IR i — 2 IR il AS-
GV.CVA Fil APV2 MR R AL 745 .

1 #MREFE

1.1 ##
L1.1 g4

2014—2015 4, X o8y I, B BUM P
A M e v R AR DL EA T R A R AR AT BE
AR5 2993 T PR A TG AE AR B M AE i B A 115 4y,
SERIRERIFRAERER IR R (& D,
112 FERAANE

TRIzol RNA #HUR 7 . DH5 o 832 25 4 it
FARAAERHE AERO B BRZ F s DNA EE K [R5
& H Axygen K72 Al FEALEALHF BIO-RAD
My Cycler PCR 1% .KCBIO-2800 %I % R G EE
1.1.3 gl4ikits 4

R4 GenBank Hf &L 85 SAH R 5 CP 3L )7
H% i ASGV.APV1,APV2 APV3 [ RT-PCR ¥~
W5 ASGV-CPu/d, APV1- CPu/d. APV2-CPu/d,
APV3-CPu/d, 3 % % SCHik ¥k # ASGV. CVA 11y
RT-PCR ¥ #8|# ASGV-F/R.CVA-F/R(¥ 1),
I LS AR RBHE A BRA A A

x1 BATRNSMEEN5IUFT

Table 1 Specific primers used for five viruses detection

GIE7 19751 (5'-3" FroI AL PR/ bp BAIREE/C S5 a3k
Primer Sequence Location Product size en Reference
ASGV-F CCCGCTGTTGGATTTGATACACCTC 5 870—5 894 504 50 [15]
ASGV-R CTGCAAGACCGCGACCAAGTTT 6 393—6 372
CVA-F TGTTGGGGCACAGTTTCAAG 6 051—6 071 1184 55 [16]
CVA-R TGATTGGTGACGGTGAAGGA 7 214—7 234
ASGV-CPu AT(:AGTTTGGAAGALQTGLTTLAGL 1—25 15 61 LN823991
ASGV-CPd CCTAACCCTCCAGTTCCAGGTTACTTT 688—714
APV1-CPu ATGAGTACCTCTTCTGCAACAGTTGTT 2 039—2 065 1 206 58 DQ205236
APV1-CPd TCAGTCCAGCTCCTTCCCTTTTAAGGT 3218—3 244
APV2-CP ATGACTACTTCTCAATCCACAGCAACT 7—364
V2-CPu GACTACTTCTC CCACAGCAAC 337—36 1 203 58 DQ05237
APV2-CPd TCAATCCATTTCCTTCCCCTTCAACAA 1513—1 539
APV3-CPu ATGACAACTTCTGATTTGGCTGCCACA 205—231 1227 58 DQ05238
APV3-CPd CTAATCCATCTCCTTCCCCTTCAAAGT 1405—1 431
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1.2 Ak
1.2.1 % RNA #H

PREUE it 0.1 g. R TR TRIzol 2 $2 8L
S RNA, BARP RS ISR 17 ],

1.2.2 RT-PCR #

SR SRR Z :ANTPs (2.5 mmol /L) 1 pL,5X
M-MLV buffer 2 pL, M-MLV (200 U/pl) FIBEHLAS
F519 0.5 pl.,RNase inhibitor (40 U/pl) 0. 25 pl,
RNA #AR 1 pL, FHTCH W KN E 2 10 pL. i85,
A2 CHARES RS 1 h, A3 T PCR B T —20CIK
FEIRAE

PCR #:i{& % : 2 X Tag PCR Mastermix 10 pls
ETFWESI 4 0.5 pl(20 pmol/L) ., 5 % 5 7= ¥
1 pL, TG WUZE K AN L 2 20 L. RN R TN
94 CHiIZE 4 5 min; 94 CAEPE 1 min, Tm iRk 30 s,

72°CHEAH 1 min, 35 MG ; 72 CHEfH 10 min, PCR

P 1500 ~2 00 BAEREEEI B DK EA T AN L SR
IBRACRAELE R
1.2.3 PCR "k R 7

Z M8 AxyPrep DNA BRI [ £ 15 I 5 1]
Wealifk PCR 4 38 7 2 09 H b5 7= 9 o3 5l 3% 1% =
pGEM-T 844 L. 56 A K AT B DHb5a A2 25 4
i BTG 10 » P PRV HEAT R PCR SE5E - Bl
TR RE TR 2 A Bk 2~4 A PHTE ek L 2 AR T
FE TR ) e AT BRA RIEA T P 91 I
L2.4 FH 47

i DNAMAN BEfT HA AT . 3T MEGA 6. 0 4
TIOR8 2 et A 70 T » 2R A 2089 (neighbor-
joining, NDME R G A 7, IE A 1 000 A H
(ERHIW 7 3R] SEVE . 220 B RAE/N T 7500 iR
F i AR GERE A P T 2 ) 250 75 23 B ) A L (HE PR
TG PP RR A ORI RSSO WA 2.

&2 FT ASGV.CVA 1 APV2 155 BHIFR G X RO NHE NI B
Table 2 Isolates of ASGV, CVA, APV2 for phylogenetic analysis

I3 5 24 R e ez S EIA PR AFE SR UF = BN
Virus name GenBank no. Isolate Host Geographic origin Reference
ASGV K(C588948. 1 CTLV-MTH it GRS I

KF434636 T47 E 1) W [18]
NC_001749. 2 ¥ R HZ [19]
IN701424. 1 HH A T E ¥
JQ308181. 1 ASGV-CHN £ R [20]
HE978837 ASGVpl2 R EIRE [21]
JX080201. 1 AC IR I [22]
AY596172. 1 ASGV-K FL i [ [23]
AB004063 v BHE H 4 [24]
D16681. 1 ¥ HA H 7 [25]
EU553489 X L e [26]
FJ355920. 1 LCd-NA-1 AR W E S G
AY646511. 1 Kumquat 1 TRk HE AT Jc
K(C588947. 1 CTLV-XHC A% i &
JQ765412. 1 Shatang orange ki [ J
CVA HQ267857. 1 V590 Pk eS| [27]
FN669549. 1 HPPSC PERK ERE ¥
FN669548. 1 JKSPM;i PRk ENRE [28]
FN691959. 1 JK PRk EnE [28]
FN669547. 1 JKSNM Pk EPRE [28]
AB181355. 1 Vs2-1 PERK H 7 Jo
X82547. 1 ¥ [ LS| [29]
KU131205. 1 Taian Ak LRI [30]
HQ267856. 1 PF Bk b7 eS| [31]
APV2 KT893295. 1 Bonsai i H A [10]
NC_028868. 1 Bungo Q-1256-01 il RN [10]
DQ205237. 1 Bungo2 Q-1256-01 Bk GF305 H A [8]
KT893297. 1 Tatao25 Q-357-02 Bk Hh ] [10]
KR998049. 1 APV_2_Q86 Bk XH ¥
KR998048. 1 APV2 Q65a Bk XKH 7t
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PR R BRI o) o b1 LA 1 a5t 55 i 4 A el
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R FERDOGIABE PRk . H U2 DU
RIFHIR 5006, A b i AS T4 e AR bR b B IR
RIAIF . P =AF AR AR B AR B o, B
MRRBAEM , =4 A2 DL F AR R R R B SBE D0 25
AIREIR AEVE SR BN P H . E RS R R B [ 4y
M DA ] F BE ARG 759 1) e 2 0 ol 5 T R A
W EEREA TR S RE H RN S 225

a: Asymptomatic leaves; b: Ring line; c: Leaf shrink and vein cleaning; d: Leaf roll and vein cleaning; e: Vein-banding

1 ket m ERER

Fig. 1 Symptoms on Prunus mume leaf samples

2.2 HEZERSFM RT-PCR &

8 F RT-PCR Rl R A1) 115 st B E 1)
5 f 2% # ASGV.CVA,APV1, APV 2, APV3,
ZEHAU K ASGV., CVA, APV2 (E 2), F#
APV1 fil APV3, ASGV R H a5 8 ik 30. 405
CVA 1 APV2 [k 5050k 4. 3% 5 3. 5% (%
3), Hrr, LMl T ASGV,CVA Fl APV2 [ #5
R HI N 56, 7%.13. 3% 5 6. 7%, B IUHERE
ASGV K % 5 .35 77. 8% s CVA K th R N 5.5%,

KK APV2, gl b ASGV fil APV2 (1)K
W5 18, 8% 5 6. 3%, B MR b ASGV
5 APV2 [k %2 14, 3%, i 5iig IR b A A
WX 5 R (R 3) . BLAh, LR (2 4SBT Fl
EDUHEE (1 AR SO BIFE S AEAE ASGV 5 CVA |
RA RS BN & B 1 ARG AEAE ASGV 5
APV2 iR G Y. 455 554 RT-PCR Al
S5O UL B AR TR B &R Rz |
FEAEARRTFR AR L .

®3 BRERP=MREENGHE

Table 3 Detection rates of three viruses in Prunus mume samples in China

o ASGV CVA APV 2
AR Nomber  VERERESMMO/GY  KuiR/20 BERREBCGY  KhR/% WRERERRUG  Kuig/%
Sampling site of samples Number of Detection Number of Detection Number of Detection
positive samples rate positive samples rate positive samples rate
T Wuxi 30 17 56. 7 4 13.3 2 6.7
R Wuhan 18 14 77.8 1 5.5 0 0
¥ Shanghai 16 3 18.8 0 0 1 6.3
M Hangzhou 7 1 14. 3 0 0 1 14. 3
5t Nanjing 44 0 0 0 0 0 0
41t Total 115 35 30. 4 5 4.3 4 & B

2.3 FIIMERILESSH

$ ASGV-CP,CVA-F/R, APV2-CP §" 1% pr 15
4h5e4E H (coat protein, CP) 3 [N gkf74lifk | 7 [ Fil
Wy, Hogfs ASGV 5 CVA 1y CP A 4Ky
4% 4 45, APV2 1) CP BN 2K ¥4 8 45, ARl

fnlEl ASGV.CVA 5 APV2 15 51 AL 2 51 M
99. 86%.99. 92% 5 97. 26 %, A4 A W5 R 18
51 5 GenBank HAHICHE 5 TR )T 5 SRR IT
IR L . 255 R RAS A PP 8 S A S % 4]
TEAZAFFRAKE AR Ry 86 %0 ~99 %6 , TR FE R /K
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- AL R 83% ~99% , BB I Ih KR T AS-
GV.CVA 5 APV2 1) CP K ¥4, 14h, ASGV,
CVA [ APV2 B~ FHAE i ) SR 7 91 2Z TR AR 32
i CRHRIE:=>98. 020D o PR AN s BB 43 A AR ek ) 7
H|% 57 GenBank, ASGV.CVA APV 2 43 5IVEME 1.1
5 4 SR, PR Sl KY680265~KY680270,
2.4 RGHUBSH

% ASGV.CVA \APV2 [y CP 3 [H [l 7 R e 571
T RGO o387 - 558 BN A5 ASGV #g4 5
W HZ76(KY680265) 5 H [l FH A 43 25 4 (KC588948. 1)
ARG F B (B 200, CVA 53 E) WX20(KY630266)
84

KC588948.1 (China citrus)
KF434636 T47 (China apple)
100 NC 001749.2 (Japan apple)
J|:JN701424.1 HH (China sand pear)
100, JQ308181.1 ASGV-CHN gChina apple)

HE978837.1 (India apple)
JX080201.1 AC (Germany apple)
AY596172.1 ASGV-K (South Korea pear)
83 ABO004063.1 (Japan lily)
100-D16681.1 (Japan lily)

EU553489.1 (USA meyer lemon)

a

92

95

KR998049.1 APV2 Q86 (American peach)

& 2

A KY680265 HZ76 (China Prunus mume)

FJ355920.1 (Taiwan, China, citrus)
100 AY646511.1 Kumquat 1 (Taiwan, China, kumquat)
P 83 KC588947.1 (China citrus)
5 JQ765412.1 (China citrus)

KT893295.1 Bonsai (Japan Prunus mume)
A KY680270 SH85 (China Prumus mume)
A KY680269 HZ78 (China Prumus mume)

P KY 680268 WX35 (China Prumus mume)
A KY680267 WXGM (China Prumus mume)

NC 028868.1 Bungo Q-1256-01 (Japan Prunus mume)
‘E DQ205237.1 Bungo 2 Q1256-01 (Japan peach GF3055)

KT893297.1 Tatao25 Q-375-02 (China peach)

SykEM 4> B PF(HQ267856. 1) 78 [l — 4> 37 I,
M7 BH 5 DXy F oAt ok 8 PR 9 4 2540, i Bl CVA
WX20 5 PF 26 X R il (B 2b), K151 3 4>
APV2 #§ 4y B % WXGM (KY680267 ), WX35
(KY680268) . HZ78 (KY680269) & 7E —it, 5
FEIBk /> 29 TaTao25. H 485 B4 Bungo 2 LI &%
H A5 254 Bungo 4b T [a]— 4341, 156 3 46 43 25
W2 1835 2 5 R BT (B 20) 5 1 APV2 M43 B5 4
SH85 (KY680270) 5 H A #f 4> B ¥ Bonsai
(KT893295. D AbF 55— 41 (& 2¢0), LB APV2
SHS85 5 Bonsai 4 X R

HQ267857.1 V590 (France cherry)
FN669549.1 HPPSC (India cherry)
100 |- FN669548.1 JKSPMi (India cherry)
FN691959.1 JK (India cherry)
98!/ FN669547.1JKSNM (India cherry)
AB181355.1 Vs2-1 (Japan cherry)
ﬂSZSM.I (British cherry)
100 =—KU131205.1 Taian (China cherry)
HQ267856.1 PF (France peach)
100 - A KY680266 WX20 (China Prunus mume)

—
10

b

a: ASGV; b:CVA; c: APV2

KR998048.1 APV2 Q65a (American peach) c

ET ASGV.CVAAPV2 ShEEREREM RS Li

Fig. 2 Phylogenetic analysis of ASGV, CVA, APV2 based on coat protein gene sequence

3 iFig

ABIF G 30 2 I B 18 - XA el v B
o3 R 1 R AR A 9 5 7 EE L A RT-PCR 4R
Kt T ASGV.CVA fil APV2, 55 7 M K % 5k
38. 26 %0, Ui IR O A AH Y K — B R e T
o B UCONE NP RIS ASGV I APV2, 1E
TE B DURATT A e e 2446 0 2 2 Fos 75 2 A 1R
Y] — R - 33X 8 B % A 08 1) & 2B 1 4K
HER HFEEEZMREEGRENASL. I
ASGV #; Hh 2355 i » HAETCH) i L T RATE ] A el
HESA R XN 2S5 B G . B R R
Ktk 3 Fio . B F RT-PCR AR H 85 S M 46

DRI B » DU R 5O it v PT BEAEAE Ffe 75
I A2 BB A T A A A A B R R
B FH e I S R AR T — A A S
HHT ASGV.CVA il APV2 ({124 5 ek 2 7]
HIAE PR AR, T ASGV.CVA, APV HA
TR AR P A e Z RN B R A R 1
PG, RS 3 A R 53K 3 s 7 I AE OGP
Tt — 2B WFSE 0 R 1T L2 75 A7 A A3 Y A 1) 9
BT IE— IR AMIE . A KM L ASGV
5 APV2 53 B W REAE AR ATE /- AH W) L 51 AH R AiE
AR, Takahashi 28008y ASGV (MY 12 2R 15 4
FIARAFG /R ) = 185 3 S 35 e /N R | 2
TR R = e SR o R L LR BRIRBE L 9 5 JE T/
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WA F 2L, APV2 M543 B ) Bonsai
Pk GF305 5, 5l & wiE . CVA Fh{2 4
A FIG A RIAER (25 oAl 7 2 S = G5
EERED, AR A ASGV 5 CVA B &
{RYL R H ASGV 5% CVA Bl —Fft 2 2 (1 4B A
REAR 3% B ™ B, {H 0088 B 1 RE R 2 7S B ASGV,
CVA ¥ sl 5 A 12 YT 80A R it — 5% .

ZHHA RS R R T I B IR —,
AR E APV2 M3 E 45 H A APV2
4y Bonsai SEZ0C R BT (EAHE H A,
5 H AR P AR o 9 D 5 A 24 TR [ ) A e
VR AS TR EE, T [ 7 0 A A o 8 05 I 4 [ SR
AR5 P ARAE T H AR S [ g R, g kmT
A, APV2 A REE o ZA AR S E T E S H
AR Z B4 I B R R P K — 2 & A,
WA BAR R APV2 6 b EFI H AR [R]85 7%
FEIRAL TR AR Z B TR 1 SCHF

Jonsi %ok R FEIARE 1) 97 755 & AR RIS A A R e
(R VRIS S TSR AE T AHE 5 | R AT 832 2 i w0 J A
PERGEIN A % 2 o 6 I A A K L Bl
T EE S BEAh, AR A AR SR 3 A
PR YT U8 5 A b X R ) A 5 R OW ASGV
CVA Fl APV2 WHT A TIEGE - A BT & A i
Byt ar R BT
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