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Molecular detection and identification of viruses and
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Abstract To investigate field occurrence and causing agents of virus and viroid diseases on Feicheng peach in the
main planting areas in Shandong Province. peach leaf samples with typical symptoms of mosaic, mottled and
shrinking reminiscent of virus and viroid infection were collected from Feicheng peach orchard. After extracting
total RNA, specific primers of Hop stunt viroid (HSVd), Peach latent mosaic viroid (PLMVd), Apple chlorotic
leaf spot virus (ACLSV), Cherry rasp leaf virus (CRLV), Peach mosaic virus (PMV), Prunus necrotic ringspot
virus (PNRSV) ., Plum pox virus (PPV) . Prunus dwarf virus (PDV), Cherry green ring mottle virus (CGRMV),
Apricot pseudo-chlorotic leaf spot virus (APCLSV) . Plum bark necrosis stem pitting-associated virus (PBNSPaV)
and Little cherry virus 1 (LchV1 ) were applied for RT-PCR detection. Only five expected segments specific to
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HSVd, PLMVd, ACLSV, PNRSV and PBNSPaV were obtained. PCR products were cloned and sequenced.
BLAST analysis showed that sequences of Feicheng peach isolates of HSVd, PLMVd, ACLSV, PNRSV and
PBNSPaV shared similarities higher than 90% with those of the corresponding domestic isolates deposited in GenBank.
Our results demonstrated that Feicheng peach trees were infected by HSVd, PLMVd, ACLSV, PBNSPaV and PNRSV.

Key words Feicheng peach; virus; viroid;
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L 1.2 FE#RHARZR R R

KIGFTFE Escherichia coli DH5q AR I ARZ
B S AR )2 T 0 00 = 43 s RNase Inhibitor,
RTase M-MLV(RNase H™ ), T4 DNA j& 12 i 11 57
P& pMDI18-T Ity H TaKaRa 23 ] s DNA [
Flamm B atA| # e E Y ARA R A 7] Easy Taq
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TR A 3 A 210 DA i 1 B A
1.1.3 fL&

AR ER R B HL(5417R [ Eppendorf) |
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PRECEFIUARE S B 0. 1 g i AU L H AT S i
AR TRIzol ZARHUM R 5 RNA, F T )5 281
B K cDNA 45 B
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1.2.2 RT-PCR ¥ 3

CDNA F 4 i« 12 % 5K 7 (10 L) 0 b
RNA 3.0 pL, %5t T 519 (£ D& 1.0 pl,
RNase-Free H,O 2.0 pL,70 CA£ 4 10 min, 7K |2
% 2 min J5 A TG . 5 X MEMLV Buffer 2 pl.,
dNTP mixture (£ 10 mmol/L) #1 RNase M-MLV
(RNase H™ ,200 U/pl) 4% 0. 5 pl., RNase Inhibitor
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(40 U/pl) 0. 25 pl, BERZE 10 pl, 42°C LR
60 min, - 70 C/41E 15 min.

PCR 4734 : LA FIRA[F S 195 A cDNA i
B2, 7352647 PCR 718 4R R U0 < 10 X Buffer
2.5 pL,dNTPs 1. 0 pL, HSVd,PLMVd, ACLSV,
CRLV,PMV, PNRSV, PPV, PDV, CGRMV, AP-

CLSV.PBNSPaV fll LchV1 f45 54k - Fign 94
1.0 uL.cDNA 1.0 pL, Tag DNA 47 0.5 pL,
ddH,O #h & MK E 25 pl, #7194 . 94°C
3 min;94°C 30 s;53°C 30 s;72°C 1 min; & 25 ¥K;
72'C 10 min, PCR ¥ /=114 1 0B et s v vk
Rzl 40 B C SR 4G

F1 ATERNLFREHERESHEES M

Table 1 Primers used for detecting the peach viral diseases in Feicheng, Shandong

i 1 44 K 519 J31(5'-3") E =S
Virus name Primer Sequence Reference
HSVd HSVdP2{ AACCCGGGGCTCCTTTCTCA [15]
HSVdP3r AACCCGGGGCAACCTTCTC
PLMVd PLMVdP13 TAACTGCAGTGCTCCGAATA [15]
PLMVdP14 TCCCGATAGAAAGGCTAAGC
ACLSV ACLSV-5 GAGAGTTTCAGTTTGCTAGACA [16]
ACLSV-3 GCAAATTCAGTCTGTAAAAG
CRLV CRLV-F TGACTTTCCCAAGGATGAGA [17]
CRLV-R GTGACATACCATAGATCC
PMV PMI16AFF CAAACATGGCTTTCACCTTCTGCA [18]
PMI16AFR TCTTGCCCCACCCTTCAACAAATG
PBNSPaV PBNSPa-3fc CTTCGGCACTACTTTCAGCAGT [19]
PBNSPa-2rc AGTCGCACCACCAGTCTTCT
CGRMV CGRMV-S TAAACCCCTGCAATTCCACTC [20]
CGRMV-A CTCTAAGGAAACTGAAGGAAAA
PNRSV PNRSV-F GATGGTTTGCCGAATTTGCAATC [21]
PNRSV-R CTAGATCTCAAGCAGGTCCT
PPV PPV-F ACCGAGACCACTACACTCCC [21]
PPV-R CAGACTACAGCCTCGCCAGA
PDV P1 AGGATCCATGTCTGGGAAAGCCATT [22]
P2 GGAGCTCTCATCCACTGACTATTT
APCLSV APCLSV-F ACATCTGCCCTCCACACAA [23]
APCLSV-R TCTGAGTAAGCTGATCCAGC
LchV1 Lchl TAGCTGTGGCGCTGACTCTAG [24]
Lch3 CTTCTACCGCGACGTGGTCCC

1.2.3 PCR P4 E 5 BT 5] 24

P HR Ul B 4l 4L B i B, 4k 1 PCR
PP 2 pMDIS-T J-44 1k DHoes FH S E N HH R
(Amp) FYEFFRIEIA T 6. 28 PCR BIE A BHME A 7
B, B BB TP INSE . BRI AP GenBank
H PSR T BLAST Hext, [R] i) 28 NCBI - gL 73
BTSSR MEGA 4 314842 (neighbor-join-
ing, NI, X E T A4 T R GEE LA, JfH Herh
(14543 32 BH15 BE (bootstrap) FE{ T 1 000 YR E 43T

2 ZHRE5HM

2.1 BEIHEA RIS KBS RN
2% 2D-PAGE Kl R 2RI o W 2515 B8 M i, I
HA =R B AR (& D, B mRE &G 4y

THRIVNFI PR BAEA BRI &R A

AR, AR HOE MR AR A T (HSVAD ROk

FEM 2 e (PLMVAD FF 3R/ IV RlIX —{5 B AT U]

AFIWHEREM & HSVA il PLMVd PR

IR ARG O PR AT RT-PCR 745
Y

S

B 1 EREEMEBFES RNA Z4mikeilER
Fig. 1 2D-PAGE analysis results of RNA extracted from
the healthy and diseased peach
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2.2 FBIBEIT R RS KA SA RT-PCR &
AL ZR BESR T BT 3k 5 4k v S Bk A 5 A RA £ )
EFFA IE e 32 7= X B S BE - A b SRR I ) T
HSVd, PLMVd 7 F 2% %% % » ACLSV., PBNSPaV #i
PNRSV 3 i ag (£ 2) , AP0 76 Hp A 8k ™=
XA 2 F X G 77X, Hrf PLMVd /Y BHPERE S 50

JF HSVd, PLMVd, HSVd, ACLSV FI PBNSPaV
WRERI N 23.3%0.9. 3%.23. 3%6.5. 5%H1 6. 8%,
Hp HSVA.PLMVd 1 ACLSV 3 Fus a5 &
PePig, ) PLMVd 5 HSVd & 434 £, PLMVd
5 ACLSV, HSVd 5 ACLSV & & & J+ &k Z.
PBNSPaV il PNRSV To& A 24

R 2 WKREEHRES . 2HFH RT-PCR R
Table 2 RT-PCR detected results of viruses and viroid in samples of Feicheng peach

, KB /B R ()
SRR Hb FFan g/ Detection numbers/rate of samples
- No. of &

Collection site ’ PLMVd+ HSVd+ PLMVd+
samples
samp PLMVd HSVd ACLSV ~ PNRSV PBNSPaV ACLSV ACLSV HSVd

JE 385 o e kA7

Central orchard, Feicheng City 120 30/25 12/10  25/20.8  8/6.7 10/8.3  24/20  15/12.5  35/29.2
|4
AESN £ e 116 25/21.6 10/8.6 30/25.9 5/4.3 6/5. 2 20/17.2 16/13.8 38/32.8

Liutai orchard, Feicheng City

2.2.1 JEMHk %% % RT-PCR &

DABRARI 5 RNA J#siti, 4300 F HSVd FE5R |
Yy HSVAP2f/P3r F1 PLMVd 4% 55| 4 PLMVdP13/
P14 i##47 RT-PCR ¥4, 25 WIR AER R A 4y
BRIV 306 bp(KJ754180) 1 341 bp(KJ754183)
() HSVd Fl PLMVd #5345 ([ 2a~b), HSV IIAR
eSS 254 SDH1 (KJ754184) 5 GenBank H12 57 1
HoAth HSVd 53 B AR 93. 470 ~97. 8% Z ], 1
H 5 HSVA 1L B 53 254 F1(KF712280) A5 = » 0
97. 8% ; PLMVd I ZR MBSk 43234 SDP2(KJ754183) 5
GenBank 4238 1) PLMVd BB 73 854 2 8] i AR DL
h 96. 3% ~98. 4%, Hip 5 PLMVd Jt 5t 4 Bl
(JF898T8 D MU f 1 » A 98. 420,

M: Trans2K Plus DNA Marker; a: 1~34 5|#HSVdP2{/P3r" 43 /3 Bk iH-
Ji RERREE R br 1~34 51PLMVAP13 /P14y HEER 43 Bkt Jy A AR S5 5 CK:
BRI HRE

M: Trans2K Plus DNA Marker; a: Lane 1-3 were the amplification results
of partial peach leaves samples with primers HSVdP2f/P3r; b: Lane 1-3
were the amplification results of partial peach leaves samples with primers
PLMVdP13/P14; CK: Negative control

B2 BREBHRERFE RT-PCR JIBER
Fig. 2 RT-PCR amplification results of Feicheng peach

samples infected by viroid

2.2.2 Bk & RT-PCR &N

%0 ACLSV,PBNSPaV #l PNRSV %59
ACLSV-5/3 . PBNSPa-3{c/2rc il PNRSV-F/R 434l
47 RT-PCR ¥ 34, 450 WoR , 7EEB 50+ 5 b 43531
85K/ NH 566 bp(KJ754185) .531 bp(KU204711)
F1 675 bp(KU179193) AESPE & (B 3a~0) . 5
GenBank £ 4238 1) ACLSV ., PBNSPaV il PNRSV
3l 78 85 ) 22 (B A BL P 38 B 9026 A b, e
ACLSV INARAEHHEE SDA3 43254 5 At 5t 43 854 ST4
(JN848995) A LI e 5 » i 94. 4%, PBNSPaV 1143
REIR L 43 85 4 SD-PBNSPaV 5 ] 4t i I 43 55 4
Pch-LN-2-1(KJ792838) #H W ¥ fc 5. 4 94. 5%,
PNRSV [ A NEIRAE 73 2547 SD-PNRSV 5% F] 5355
¥ NetCl. earl (EF565252) A e i » K 99. 9%,
2.3 FHaSH

R T SR b3 BT RSBk 48 S BE S R Y
ARG R HEHE GenBank HOAR R HE XA FCRMER
HSVd,PLMVd, ACLSV, PBNSPaV I PNRSV 4} &
YIIPH) AR RGO (B O, 255 %8, HSVd 1l
ARNEIRBE T2 SDHI 532 43 254 F1(KF712280)
Lk Z A (B 4a) s PLMVA 1R HE Sk 43 55 4
SDP2 ka4 B4 BI1(JFS98787) 4% 3 2 f il (&
4b) s ACLSV AR BB 73 254 SDA3 54 254
ST4(JN848995) %5 Z il (1] 4¢) s PBNSPaV I17R
NSk 73 254 SD-PBNSPaV 5 i b kil 43 B34 Pch-
LN-2-1(KJ792838) 3 4% & R it (] 4d) ; PNRSV 11
ZRIESR B 2 B4 SD-PNRSV 5 %2 F] 43 85 9 NetCl
earl (EF565252) 354 K Z il (] 4e)
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M: Trans2K Plus DNA Marker; CK: FPEXSHE; a: 1~3 4 5[ ACLSV-5/ 34" BaER 43 Bk A Sh 25 5%; b: 1~3 4 5[4PBNSPa-3fc/2rc
PHEER BT R AR EES: c: 1~309 SIYPNRSV-F /Ry B840 Bl F Rk b 45201

M: Trans2K Plus DNA Marker; CK: Negative control a: Lane 1-3 were the amplification results of partial peach leaves samples with
primers ACLSV-5/3; b: Lane 1-3 were the amplification results of partial peach leaves samples with primers PBNSPa-3fc/2rc; c:
Lane 1-3 were the amplification results of partial peach leaves samples with primers PNRSV-F/R

B3 EEEHMFS RT-PCR 7R
Fig.3 RT-PCR amplification results of Feicheng peach samples infected by virus

FP1(AB098500) variant 21(AF170498)
1aHSVd11-2(DQ362902) A SDP2(KJ754183)
6aHSVd11-1(EF080846) BJ1(JF898787)
HSVd.alm2(AJ011814) PC-P1.159.84(DQ222078)
HSVd-pIU{n-VS(KM052626) DP3(GQ872 124)
HSVd-apricot-vS(KM052623) AYO09PG3 clonp8(HM185112)
- tz6HSVd11-5(EF080858) 133(DQ680725)
:lfi}; 2(713]:8;?(512?771 47 AY09AV7(HQ342883)
L hsvd J12(FJ771022) 55 PLMVd-Otago2(JN680785)
/4 Tu HSVd 1-13(DQ371456) ., PLI33A(EF151298)
F1(KF712280) 7/ L SD2(JF416649)
551a SDH1(KJ754184) RG.3(GQ872133)
/A PSTVd ChalkV74(GU481092) vy CF58(AF404072)
0.05 a 0.05 b
91,PIm13(JF810189)
100 HS1(JN848974) Plm-WH-1-1(KJ792847)
Z2INs4359%) Plm XN.3-1 (RIT9R8S1)
HS4(JN848977 m-AN-3-
I-IB(I (N8 4898%)) Pch-XN-1-8( KJ792841)
Pair(KC590331)
A SDA3(KJ754185) Jeju78(KP410833)
= JSNngjgNoggS995) Pch7( JF810183)
( )  SD-PBNSPaV(KU204711)
HB4(JN848983) ., Pch-LN-2-1( KJ792838)
G6(IN849002) 7 Pch-XN-4-3(KJ792843)
ST3(IN848994) 53 Fplm14(JF810190)
S/ F SK-BUD-pe(HQ398252) Pch-XN-6-2(KJ792846)
= c / F 10-35(JF927941)
0.02
| |
Pchlt.may1(AJ133205) 0.05
— A SD-PNRSV(KU179193)
NetClearl (EF565252) a: HSVAIA MBS S 540 5 KAt IXHIS VA 43 B4 2 Stk A
4/8(AF170165) 5 b: PLMVAILI AR RS 4 354015 3 Al 3 KPLMV A4y B R
——KU(AY037791) GEHEALRY, c: ACLSV IR IESkS) B34 5 HA 3 RACLSV 4}
Chr3(JN416773) BYR LA, d: PBNSPaV ILIZRABEHk A 25455 HoAts i X
861 Chr16(JQ005044) PBNSPaV4; By ¥ R S kAL ; e: PNRSV IR Bk B 5
Prune(AF013286) HoAts s KPNRS V43 B4 R GE kAL
63 417/11(JX569828) a: Phylogenetic relationships between HSVd Feicheng isolate and
V/11(AF332617) other HSVd isolates; b: Phylogenetic relationships between
6_6| TW(DQ983491) PLMVd Ff:icheng isolate and other. PLWd isolates; c: Phylogenetic
oy, CHCP(FJ610341) relationships between ACLSV Feicheng isolate and other ACLSV
[ isolates; d: Phylogenetic relationships between PBNSPaV Feicheng
76 Chr-m(HQ833193) . . . o
PNRSV-PL38(EU368737) isolate and other PBNSPaV isolates; e: Phylogenetic relationships
. -PDV(JXS 13514) between PNRSV Feicheng isolate and other PNRSYV isolates
0.05 e

& 4 HSVd,PLMVd,ACLSV.PBNSPaV 1 PNRSV % %z i# & #xf
Fig. 4 Phylogenetic relationships based on sequences of HSVd, PLMVd, ACLSV, PBNSPaV and PNRSV
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