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Detection and full nucleotide sequences analysis of Apple scar skin viroid
isolates in some apple producing areas of China

Chen Ranran, Xie Jipeng, Ye Ting, Dong Yunhao, Guo Liyun, Zhou Tao
(Department of Plant Pathology, China Agricultural University, Beijing 100193, China)

Abstract In recent years, dappling, scarring and malformation on apple fruits caused by Apple scar skin viroid
(ASSVd) is increasing and seriously affects apple production and apple industry development in China. To under-
stand the occurrence and variations of ASSVd in apple production regions of China, 35 samples were collected
from six major apple producing areas including Shaanxi, Shandong, Shanxi, Hebei, Beijing and Heilongjiang
provinces. Reverse transcription-PCR and sequence analysis showed that 30 isolates of ASSVd were obtained with
genome sizes of 330—333 nucleotides, which had 96% —100% identities with sequences of ASSVd in GenBank,
and had conserved terminal conserved region (TCR) and central conserved region (CCR). Mutations were found
in pathogenic region and terminal left region. Interestingly, same mutation sites were found in some isolates. Phy-
logenetic analysis showed that these isolates clustered due to mutation sites on ASSVd genome while no relation to
geographical origins.
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Table 1 Information of samples

EiRe2 SRR /A —H SRAE b A i SRAEFBAL R SRR
Number Sampling time Sampling site Variety Tissue Symptom on sample
xa-1 2011—11 SRS AL E (3% KA TCH BAEAR (O 4B
xa-i, 2011—11 o 74 g 27 HALE 23 e 25 TG B SRR CRIEAERS
sxqy-1 2015—09 e TFH KA 5T H A TG B AEAR
sxqy-2 2015—09 Bevs T-FH AREN 5% B4 T BAEAR
qd-1 2012—07 IR & SH38 1% 2% A% 2% TC W AR AR CR AR
qd-2 2012—07 WA 5 SH38 %S RATCHH AR AR GRIZAERD
yt-1 2012—11 IR & ' R RIS
qd-3 2015—09 INARTT 5 K5 5% HEATCH BAEAR
qd-4 2015—09 INRH 5 KA 3% B4 T BAEAR
qd-5 2015—09 INAH 5 ARH0 Hi% REA T BAEAR
qd-6 2015—09 IR S KA T 2% HE 5 TG B AR
qd-7 2015—09 INARH 5 K (3% B4 T BAEAR
qd-8 2015—09 WA S AR F 2% A% 25 T AR
sx-1 2016—04 i) Fii B %S A TG BAEAR
sx-5 2016—04 1 g Eii FH (3% 5% W RTNRIN
sx-8 2016 —04 1L v Fiii FH 1 2% % 2% TC W AR AR
sx-14 2016—04 1P Fii FH 3% B4 T BAEAR
hb-3 2012—11 L[4 RN CGEAD) ki HEA T BAEAR
hb-6 2012—11 [ KA A K 2% (5% S ETAIRN
hb-7 2012—11 L KA EEA) ki o% e 2% TC B SR
hb-8 2012—11 B[4 AN AD) S % 2% TG A i E IR
hb-12 2012—11 G| R GEEA) K 2% % 25 TC B e R
shz2-1 2012—11 Itm=aK CER sz HSLAE:
cp-l 2012—11 db3 B Bt Rz HAER R
cp-2 2012—11 Jtmt B GRS Rz RTEN
mdj-2 2011—09 R A ST 441123 SR RELEFOARS]
mdj-11 2011—09 S VTP Je P REH AL
mdj-12 2011—09 BT FHT 441123 R RSAEN
mdj-13 2011—09 LLS RAN W SR Je 5 SRaL RS
592—02 2015—11 Ry AR ISE IR T (3% (5% W RTZNRIN
592—03 2015—11 Ly R R AR I TF S HEA T BAEAR
592—08 2015—11 PV I T i B4 T BAEAR
592—10 2015—11 AR ISR IR T 53 H AT AR
592—20 2015—11 SR TT AT T Fi 2% (5% S ETATRN
592—22 2015—11 BT T S B4 T AR
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fEF1 Multalin 7F 2k 8k 442 #E 47, b GenBank
ASSVd #7511 (NC_001340. 1) A%t F 41, #F
fEi g iz ] ClustalX il MEGA 6. 06 148 1
(neighbor-joining) #£47 ., EEZ K E N 1 000, LL Gen-
Bank 7 ASBVd (NC _ 001410), PSTVd (NC _
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RT-PCR kil 45 5 LW, IR B BEPG Y 4y 4
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Hefh (qd-1, qd-2, yt-1, qd-3, qd-4, qd-6, qd-7 F1 qd-
8) K B L 5 {3 #E i (hb-3, hb-6, hb-7, hb-8 Fil
hb-12) 2k B AL 3 O34 i (shz2-1, cp-1 1 cp-2)
IR H BRIV 10 4y #¢ f (mdj-2, mdj-11, mdj-12,
mdj-13,592-02,592-03,592-08, 592-10, 592-20, 592-
22) R IR E] 330 bp 4 RS B, 5 ASSVd
BHPH: X BERE SR HB I 45— 30, R WITAE gl ASSVd
124 . ASSVd k25 R a3k 2 iR,

F2 RI-PCREMFEREEGRH ASSVd 4R
Table 2 Results summary of detection of ASSVd in apple samples using RT-PCR

REEA RO /A ASSVd FIHERE £/ 1+ T
Collection site Number of samples Number of positive samples Detection rate
BEPE Shaanxi 4 4 100
115 Shandong 9 8 88.9
11174 Shanxi 4 0 0
7t Hebei 5 5 100
Jt 5t Beijing 3 3 100
HJpIT Heilongjiang 10 10 100
A Total 35 30 85.7
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Fig. 1 Multiple genome sequences alignment of 30 ASSVd isolates from some apple production areas in China

NC_001340.1
cp-1

nd j-2

nd j-11

nd j-12
xa=-1

xa-4

hb-3

hb-8
shz2-1
cp=2
hb-12
sxqy~1
sSKqy=2
nd j-13
qd-3
qd-4

Consensus

NC_001340,1
cp-1

nd j-2

nd j-11

nd j-12
xa-1

xa-4

hb-3

qd-1

qd-2

Consensus

NC_001340,1
cp-1

nd j-2

nd j-11

nd j-12

xa-1

xa-4

hb-3

TCR CCR

1l 10 20 30 40 50 60 70 80 90 1100 110 116
I I
GGTARACACCGTGCGGTTCCTGTGGH TCGCCCCGCCARCGCAGATA-GATARRGARAACGAGGAGARGARGGARCTCACCTY

seses
sssssssdescscsscssssssscsns
sessens

-] PR

eessssedececrcececscrcecchocececececrcecs AR Teecececerececococeccceccccccese
B Ll T T Y
B L N L R

BTecedecececceces cesssersns

1) 0

BTeedercecncecncacanes

B ] ceeecescsssscescas

| PR
.GT...
oiTese

I P

sessssssssesiiL,

e e | ] =]

.

sesssssdesescsscsesssscscshrcscsrcscses

L e .

esssscedescescescescscoschocscescrcescleceTeacATocracroceeelorocrccacescosceceaed

B - N T N -

117 126 136 146 156 166 176 186 196 206 216 226 232
I I
GCCAGCACTAR-CCGGACGGCGCCCTCGCACC-AGTTCCGCTGTGGGTTCGCCTACARGAACGTAC--GGTGTTGAGGCCCTGTCCGCCGCTGCGCTGCCACCTACTCT-CGCGCC

eessssssecslioctcectcrctcrctceceeTirctctctctctctcecttctecctctctctcsT crcrcrcrcrcrcrcrcrcscrcscscscscscssscscsseloceces

B T T T T T Frr .

B B R

sesesssseselecniiiiiiiieiiiitiiiTiesittttetetttetttresesesrtrnne

SSeesusessalisssesssenssecsisnssimssnsisssstantesstisosasetussisssimmsinsosstossesisssssssssessacsssesssesssesTissnas
G

ceesccrsccs ==eeseslecsescescrcsssescrcescrccecercescrcelonceas

R L

eeceseeleccnce

G
G
G
G
G
G
G
G
G
G
G
G
G

I R

R e EERRR R Sessssssssssssssssssssssssnes D L R
cosssscsecsloctcrcrcrcrcrcececte™ercrcrcrcrcecslocececerececocaces T P P

B e S B e .. .
L L L SN PSRN

B T L N F s

233 242 252 262 272 282 292 302 312 322 332 339

1 1
GCTAGTCGAGCGGACTCCGGGTGGAGCC--CCCTGTTCTCTCACGCTCTTTTTCTTTGACGCAGCGGCGGGTGGGTTCCCAGGGTARRACACARTAGGTGTTTCCC

sesesssrsrsscsns sesesesseces sesesssssreseses sesssesssrsssssrrsrsrsres sesssssssrssssesrsrsans sesesesscee

B R I

sees 8000000000 00000000000000000000000stststtrtstrtsssssststssssssssssssssnss

D R B R T R R T R L LT T TR PO TP
B LT R [N
cecesceccsccsseccecescrscecs ™ secsccsccsceccscsscsccecsscosllorcitiiccicitctccocirceccrccccoccecelericiccnes

N I B L -

teesecssecrsrcesecssscecssscscscscscscscscscscfleciiiiiiiiiiiiiillT
L
T
. s TTeeesestestsststsstsstsesstssestsstssrstssesses essessesssscssesnns 1
O - T L N | T - | - ) [ .
socossesessccscossolleccesiMBiTToecsNescoscosocsoccecslloceTlosccocossossscocslosesoscocsososcoselocecescese
cesescescas ooflese. 6RG.TT, .. .A T
T N L
T L T
i TS e
T L . L T
esooscesessescossolloscesiMicTTeceslescoscosescoseecsllecellesseccoscrssscrccossosescocsosescsseloocesesse
L T L . RN o L [ I eecesesssscsalas
ceee A eevsvsssesecssTens
B N L [ N L

L N g N L L T
coveTevencecec A=A . =-A.TT, . .AC....

................ CCB ool sBBPC o ssuseslibsoss

sesesvsssblsssBBCrsssesssesososss [ SR vessese

NC_001340.125 ASSV bRl 3> 541 A %F it FRAEFRE 7R 3 SR 5 SR 758 1 b #y A OR A X

NC_001340.1 is ASSVd reference sequence as a control; Black boxes represent two conservative regions of apscarviroid

E 1 EREBSEREX 30 > ASSVd £ B E EBZEHE 5 bt



43 55 6 1

AR P P25« I 8 0 R XS SRS SR D 2 (9 A D 22 PP 81

« 101 -

2.2 ASSVAd Sy EYRFIINESTRSH
HF 30 AR PCR 774 sa DN 7 , 235 SR 3R B
P B A BE X R 330~333 nt, JF A L XS &5
FWL Y1153/ 30 Bt 5 GenBank H ASSVd
FER AT TR 7 51— Bt 96 %6 ~ 10020, 2B X
S Be 4o ASSVA JEHE A 781, Hp AR i xa-l,
xa-4.mdj-2. mdj-11 1 mdj-12 § 8 3k 2 5 ASSVd
FH 5% 550 AF421195. 1 (81718 5 51 — 30
1k 100205 FE i cp-1, cp-2 il shz2-1 434153 5 1)
ASSVd B3 52552k AY972082. 1 W IRIF
il —et 4351k 100%6.99 Y611 98 %6 s K5 qd-1.qd-2.
hb-6,hb-7 Fl hb-8 § #4R1F 1) ASSVd J¥ 51| 5% 5%
b HQ326093. 1 [z BRI 51— B340 99 %6 s B iy
qd-3,qd-7,592-02,592-08,592-10,592-20, qd-8 Fl qd-4
P92 ASSVd J¥ 41 5% 58452 KC110860. 1 1)
Bt Ry 51— 2obE 43 51k 99%6, 99%6, 9920, 9926
99%6,99%,98 %61 96 %0 ; iy 592-03 ¥ 14 i i) ASS-
Vd 59 5555 HQ840722. 1 A% R ¥ 51 —3%
PER 9820 s MEES y-1 9738 H (1) ASSVd [ 51 5% 5%
5ok KC110858. 1 iR 74— 8t Ry 97260 s K
i mdi-13.592-22 Fil qd-6 § 14 H i) ASSVd JF41) 5 2%
S5 o KU507023. 1 19 8% 1 B2 )7 51— BUH: 43 31 o0
85 — sxqy-1
mt
mdj-12
e
cp-1
hb-3

hb-12
xa-4

54 NC 001340.1 (ASSVd)

mdj-2
xa-1
hb-6
hb-7
61 hb-8
qd-1
98 qd-2
| 20
51 gd—4
65 qd-7
509-10

509-20

92 509-08
509-02
mdj-13
qd-8
509-22
qd-6

84 — 509-03

99%6,98 %61 96 %6 ; AFEfh hb-3, hb-12, sxqy-1 Fl sx-
qy-2 Y ASSVd 81 58550 KP765428. 1 1Y
AR IF 5 —3t: 0 3k 98%6,98%6,97 %0 11 97%%, LA
FEfhS 5 a4 Lk ASSVA 7358

A GenBank 1 ASSVd $5if351] (NC_001340.
Dt a1 . iz AT Multalin 7E 280 Ho A 30
N EPE R AT 5 258 1 s, BT 30
FF 50 S ASSV i 51 (NC_001340. 1) £ 24
5 I 1 I8 1 AR o AR ST X (TCR) Bz e fR A7 X
(CCRY I RAF IXPRSY - A ad-6 - B WI7ESS 12
fifg T-A =45, A FA B PAEEUR X (P XD 5
ZeA X (TLR) S8 AL, b — 25 A AN TR 43 25 90 1)
FEa, kIO B Y xa-1, xa-4, sxqy-1, sxqy-2, qd-1,
qd-2,hb-3,hb-6, hb-7, hb-8,hb-12, cp-1, cp-2., shz2-
Lomdj-2,mdj-11 #l mdj-12 5ZF 55— B85 70
®¥) yt-1,qd-3,qd-4,qd-6,qd-7, qd-8, mdj-13, 509-02,
509-03,509-08,509-10,509-20 FI 509-22 7E55 39 {3 fF
1E CA 5 251 fAFTE G-A 72,55 261 f A5
262 fidd A T 8L, 55 267 fiAF7E G-A 22748, 55 290
PiFEAE G- T 58728, 55 291 fifide A-G 72,
2.3 RSt

HEAL S BT g SR A& 2 fs

HASSVAZF 35| —E kB m

AESINLAFFEC-AZRAE, 251 (LA AE
G-AZE, SE261 (LA 26204 N THE
3, H26THLFFAEG-AZAE, SE2900L4F
FEG-THRAE, SE29 1 NAFAEA-GRA

NC_003463.1 (ADFVd)
NC_002030 (PSTVd)
NC_001410 (ASBVd)

NC_001340.125 ASSVdfz/751; NC_0014104ASBVAbRHE/FSIMER A FRHSMAXIR; NC_00203024PSTVAARHE/FFIER FAHA

RSN T NC_003463.1 5 ADFVAARHE P 5UF A [F 8 SR i

NC_001340.1 is ASSVd reference sequence. NC_001410 is ASBVd reference sequence as an outside that belongs to the same groupcontrol
in different family. NC_002030 is PSTVd reference sequence as an outside that belongs to the same group control in different genus.
NC_003463.1 is ADFVd reference sequences as an outside that belongs to the same group control in the same genus
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Fig. 2 Phylogenetic analysis of genomic sequences of ASSVd isolates from some apple production areas in China
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