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H OE. RANEFABRERENRL LA 5 % £ %% (Potato spindle tuber viroid, PSTVd)¥#) 4434+
B, AKETPSTVAd#AKLR, 4445 NEESBEHPSTVI-IM), L5 T, ERER, ZFHRADA
359 bp, 54 F B769 PSTVd 4 & 4 (EF044305.1) 590 "0 & ¥iZ o B4r5 B NI EME 69 PSTVA AR 24T T 1k
2, MET AGBR, HET Lo Eibls; @i FR kT fe B M ST, KILPSTVI-IM 5 €358 49 PSTVd =
EHgmERIA: B A (U23058.1), P4k A (AY937179.1)4=554k & (M14814.1) 89 B R AL 31 4 97.78%, 98.61%
F299.44%; HE5XZ A XK AET RETR, MARRFTEREMIRALELTF, HRXLEHIR TS L B0RME
MK PSTVA-IM 89 53] 5 28 45 Mo A7 A A T 98 4 3 R R R B mEny 2 45 45, T PSTVd 8 Smuh] 69 #F 50 B
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Cloning and Sequence Analysis of Potato Spindle Tuber Viroid

Isolate from Inner Mongolia
WANG Jian, CHI Shenggqi*, HAN Lei, ZHANG Jianfeng*, LIANG Wenxing

( College of Agronomy and Plant Protection, Qingdao Agricultural University, Qingdao, Shandong 266109, China )

Abstract: The whole gene of potato spindle tuber viroid (Potato spindle tuber viroid, PSTVd), named PSTVd -IM, which
was isolated from the diseased potato from Inner Mongolia, was cloned and sequenced in this research. The results showed
that it had 359 bp and its sequence was the same as the isolate EF044305.1 from Russia. The phylogenetic tree of PSTVd
isolate was built and analyzed based on the full-length nucleotide sequence of isolates from NCBI by MEGAS.1, which
showed relativeness of PSTVd-IM with the isolates published. At the same time, homology analysis and second structure
analysis of PSTVd-IM with different pathogenic PSTVd strains (severe strain U23058.1, intermediate strain AY937179.1 and
weak strain M14814.1) were done to show the difference among them. This research would lay the foundation for studying the
pathogenic mechanism.

Key Words: potato spindle tuber viroid; RT-PCR; sequence analysis
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PSTVd & A 8 5t Ah5e A 45 1 R 5% 119 B PR AR
RNA 5rF, {4360 bp 2247, ANgmtd&E A, (HIf
NEWERA LY IEE, 165 AR T4
P T IRENIF 2 YA, PSTVAHA MR
SRR EE R B IR EAME, A T H e, R
255 40 R 5™, TE LS S Hifg X
JEAREFIX (TL, 1~6/315~359); BUKX (P, 47~73/
286~314); HHARESFIX(C, 74~120/240~285); 1]
AFX(V, 121~148/212~239); A A4 X (TR, 149~
179/180~211) o LA A%, 27 34 (Loop) , Hd A
g/l\%%%/%éf*zfﬁ](Trafﬁcking, T), Z1M#%&5H
T & il (Replication, R)¥, PSTVd A ARmGIX , 4
R X RN R S XS 5 TR A Rk . BUR XA E
IR EE Rk (Loop E motif) & HT S LR 5F X i — &R 4,
H S i BRSPS GAAA, #E PSTVA & 1l
A FR, X TR MR E R 7R
BRI, BORKADBULN AR (A 1%
12 ) 114725 Ak BV AT b AR R e R B

PSTVd H A w5 JE R e, W b i 3 42 fi e
B RO ] SE AT WAL RS, g i oK i
FHERES, ol @ R AT 27, o]
ARE R BB LRk, PSTV Al 7E D448 AT 4k
HERUE TR Y, R EZMER, BREK,
U R A AR T BRI . S A 7 %)
PSTVA {2 YL i}, 35 98" 30% /247, P &b
90%", PSTVdfig 5 HAhE 8 17T HAE, WkE 548
B X155 B (Potato leafroll virus, PLRV) 74 75 fif
AP TERE"; PSTVA 5 PVY H AR YT PVY A
B E M, 5 G g 3 B R & T Ak
PSTVd IR LA KR . S50k R PRk R .
PSTVd 3 ¥k 2 7] 5108 ™ 60%~70% , 554k 2 0™
20%~35%", PSTVd )7 EJEHEART, A4 31
oo Z Ry, Wiess . FERRIK . BAEMA . o0t
M. A, R, EEU T, DRE
RZ S AP AR T iRy, B R R R B B 2574
AR, Eh S S g R 2 BEAR M 1o
ZEARF B HR KRR, H RTA WA BRI B 1)
EER €l i T

ABFFEE 2 4 RT-PCR 71, XK AWNS i
H 36 X HAA PSTVA AR 0 48 SRk EA T4 38,
8 #] T PSTVd #J ¢DNA 7 [ (PSTVd-1IM) , Xf
PSTVd-IM PSRk R 3L R Z5 0 (10 08T, Wl e
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FOR MRS 11, TFIRZZ G T 2R R AR S 454 B
BORTESHT, AR PSTVA IR ARG FIB iR 24
TE S

1 MR 577 %

1.1 IR
L1l  Buatta

S TH R 20 134K A NSEH HIAX AR H(E]
1.1.2 3K 33K )

S ST M—MLV Il F Genview, RNAiso Plus
A& . Agrose Gel DNA Purification Kit Ver.2.0 14
TAEAH, vEREH A pMD-19T, DNA [EN ]
& , 1Taq, dNTPs, Joi BL /) 4 B 5 & (Fast
Plasmid Minikit) 34 H TaKaRa 2 & o

113 B/ #
T AF1E Escherichia coli TM109 /852 45 F 2 52
592 R AF o

1.1.4 3%t

PSTVd 2 e Rk 5 1 9. I 5|9 1F: 5'-
ATCCCCGGGGAAACCTGGAGCGAAC-3', JZ [f] 5]
My 2C: 5'-CCCTGAAGCGCTCCTCCGAG-3', H1 k-
AR T AR TARROAR RS A PR H A B
1.2 KB AHE
1.2.1 H4hZErt 7 % RNA 6932

Yuls RS BRI, PRBUR B e i
TaKaRa RNAiso Plus il & EF WA r#E, &
J ¥ T RNase—free i) K # DEPC /K /1, 13 RNA {IE
SERTERG T -80 CLRAT
1.2.2  c¢DNA #54 Z PCR 438

DL FE R B RNA AR, 2C S i s 5% 5
i, G cDNA RS —5E, KRB RNA S pL,
20 pwmol/L F i 51 ¥ 2 pL, RNase Free H,O
4 pL, 88 CZZPE10 min, K F¥#13 min, 37 C
#9620 min. #RJ5 A M=MLV (RNaseH-) (50 U/
pL)0.25 pL, RNase Inhibitor (20~40 U/pL)0.5 pL,
dANTP Mixture (2.5 mmol each) 2 pL, 5xM-MLV
Buffer 4 pL, J5 M RNase Free H,O %M & 20 pwL. 2
N5 R 42 °C 60 min, 70 °C 15 min, K F¥&HEIED
A cDNA 55— 554k

DL cDNA 25 —55 MBS T PCR Y3, [ A
% . rTaq DNA B4 (5 U/ul)0.25 pl, Fii5149
(20 pmol/L)0.5 pL, FIE514 (20 pmol/L)0.5 pL,
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10 X PCR Buffer 5 pL, dNTPs Mixture (2.5 mmol
each)4 pL, ddH.0#ME 50 WL, FEFE A 94 CHiAs
4 min, 94 CAPE30s, 59 CiB Kk 30s, 72 CLEff
45 s, 35EH, 72 CHEMH 10 min, 4 CIRAF .
PCR 4" 387781 Fi 1.29%350 N WHEE I v RGN
1.2.3  PCR = #4921 & R3] M 2

PCR ¢34 7= 41 1 DNA [al il 50 & [l ke, =0l
7R pMD19-T #A 4T % 42, S AL RIAFTF A
IM109 /&2 41, IRATTET 100 peg/ml 2% 5 B
ROYLB EARREFRIE -, PRIBCRABEEE, it FHE v
e, BEALPRGE 3 PR sERE, o Bl TR TR
FARNMRS A R ET

2 HRE5HH

21 D$E 5 RNARJREL
FF TaKaRa RNAiso Plus iR &1 T D40

M | 2

, ey DR TS TE
B W ] 188

2000 bp —> S

1000 bp —» [EFESSSSS
750bp —»
500 hp —> B §

250 bp —> B
100 bp — D

M: 2000 bp Marker; 1: Jkk; 2: {dfk.
M: 2 000 bp Marker; 1: Diseased plant; 2: Healthy plant.

E1 D% S RNARRN
Figure 1 Extraction of total potato RNA

RNA$RHL, I 1a] 0L, 78 1%5e PG T 5%
EIF R B RNA R VM, 28 S KZAZ 18 S
%, RNAJUFBA R, HESBTRer, ATHT
F—2E1# RT-PCR.
2.2 PSTVd-IM H55pE
FIFH PSTV B KRR 519 1F F2C, £
RT-PCR Y45, 7E 1.2% BN BERE b H kA I
33— 2K/ 360 bp 9 FESE DNA F Bt , ST
WA PSTV (2K IEH B BR/h—8(E 2), &
WFF, PSTVA-IM 4324 7 A 359 bp ik (13) ,
H L E A3 2 K PSTVA-IM v .
2.3 PSTVA & KZFHERF FIHE RE st i
P45 PSTVA-IM 5 NCBI 222 i 19 127 4
2K PSTVA 73 B W% AT IR T4, R MEGAS.1#k
4, RAABE S T PSTVA AR B W R 450
B (1 4) . Z5REM, PSTVA RIS FEAl L

M 1 2

2 000 l)[) =

1000 bp —» I8
750 bp — B
S00bp —*

«— 359 hp
250 bp —*

100 bp —»

M: 2000 bp Marker;1: Jpitk; 2. filtkk.
M: 2 000 bp Marker; 1: Diseased plant; 2: Healthy plant.

E2 PSTVA-IMHERT-PCRZ[E
Figure 2 Cloning of PSTVd-IM by RT-PCR

1 CGGAACTAAA CTCGTGGTTC CTGTGGTTCA CACCTGACCT CCTGAGCAGA AAAGAAAAAA
61 GAAGGCGGCT CGGAGGAGCG CTTCAGGGAT CCCCGGGGAA ACCTGGAGCG AACTGGCAAC
121 AAGGACGGTG GGGAGTGCCC AGCGGCCGAC AGGAGTAATT CCCGCCGAAA CAGGGTTTTC
181 ACCCTTCCTT TCTTCGGGTG TCCTTCCTCG CGCCCGCACG ACCACCCCTC GCCCCCTTTG
241 CGCTGTCGCT TCGGTTACTA CCCGGTGGAA ACAACTGAAG CTCCCGAGAA CCGCTTTTTC
301 TCTATCTTTC TTTGCTTCGG GGCGAGGGTG TTTAGCCCTT GGAACCGCAG TTGGTTCCT

B3 PSTVdA-IMEEFF]
Figure 3 Full-length sequence of PSTVd-IM
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M88677.1|PTVSEQBCUSA
EU879916.1|Powlzhye-77-Russia
HQ639701 .1 |PSTVd-5-India
HQB639698.1|PSTVd-2-India
PSTVd-DBJ|
EU879915.1[VNIIF-93-USA
M14814.1|weak complete genome
EuU879918.1|Kh-06/29B-Russia
EF044305.1|Samara-97-3-Russia

A PSTVd-IM|InnerMongolia
Eu879921.1|[VNIKH-07/42M-Russia
EU879917._1|Samara-97/2-Res-Russia
JOQ889840.1|Uk-Panda-08-87B 10-USA
M88681.1|PTVSEQACUSA
EU879220 1 IWNIF-O7/K-Russia
JO889846. 1|VNIIKH-08-94B-USA
X52036. 1 vananA-Russia
DQ308561.1|PSTVd-Es148-lran
YO09576.1|strainPSTVM-I-40-Poland
X76844.1|(M)-France
YO08574.1|PSTVM-I-10-Poland
MO3685.1|KFS5cloneM5S5-USA
AFAa83471 1|strainKFScloneM4-USA
AFA483470.1|KF5cloneM3-USA
AJOO7489 1 |KF7-Germany
HQB639700.1|PSTVd-4-India
YO08S575.1|PSTVM-I-17-Poland
HM753555 1|CA1-USA

55 EU879923.1[Twer-96-Russia
38 JQB89850.1|WS Zhukovskiy-10-235m-USA
>3 JQ889841_1|Kinel-08-132B1-USA
LS, JQB889849.1|WS Sedow10-233m-USA
TE JQ889848.1|WS Bor-10-232m-USA

Y09382.1|S27-ViI-24-Poland
z 41 EF044304.1|Onega-Premier-84-USA
o EUS79913.1VNIF-07/D16-USA
YO09577.1|PSTVM-VI-15-Poland
X52037.1|F-Muenchen
JQ889845_1|VNIIKH-94-2 08 09-USA
EuU879922 1|VIZR-06/61L.2-08-Russia
JQ889853.1|YUAL-79 10-USA
JQ889843.1|VIZR 06-6L 10-USA
EF044303.1|Bugry-97-USA
JOs889844 1|VNIIKH-09-205m-USA
Y09889.1|PSTVdi4-1-42-Poland
Y09890.1|PSTVvdI4-I-10-Poland
JQ889847.1|VIZR-06-6L. 09-USA
X7res48.1|I-8184-France
AY492078.1|S4-Poland
AYA492079.1|S5-Poland
AYA492077.1|S3-Poland
AY493560.1[i4-I-37-Poland
AYA492075.1|S1-Poland
AYA492076.1|S2-Poland
Y09383.1|S27-VI-18-Poland

[ JOQ889842 1|Gracie-97-USA
=T L‘E X52040.1|Spain
99 AY 532804 1|NewZealand

HQ639697.1|PSTVd-1-India
EU257478.1|RussianPSTvd 2007-RUSSIA
EF459698.1|italy
EF192393.1|3373056-Netherlands
EF459700.1|PS-Sri-ltaly

Fi 542.1|06094505-Belgium
FJ872823_1|PSTVd-Tolt-ltaly
Gu481091_1|PSTVdKalves-Greece
HQ454914 .1 |G-ty peHjas minoides-Slowenia
HQ454915.1 |G-ty pe-rantonnetii-Slowvenia

65

357

100

— HQ454916.1|G-type-Petunia-Slovwenia
TL_[ KC282384.1|7-1-Australia
2

HG739074.1|08/0250/VI.1Belgium
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EF044302.1|Niva-95-USA
AY493559.1[i2-VI-50-Poland
Y09887.1|PSTVdI2-VI-25-Poland
M36163.1|
X76847.1|1-818i3-France
KC810005. 1|diascia 1-Germany

89

2 Y09891.1|PSTVdI2-I-14-Warsaw
3 24 — AY937183.1|PSTVd Int4-USA
Z%L—_[: AY937187.1|PSTVd Int8-USA
b AY937184.1|PSTVd Int5-USA

AY937188.1|PSTVd Int3a-Eecltsville
77 — Y08852.1|PSTVAS27-VI-106-Poland
L voo381.1|827-1-8-Poland

48 [— AY492080.1|S6-Poland

- L Avasg2081.1|s7-Poland
M16826.1{USA
AY937179.1|PSTVd intermediate
AF454395.1|Canada
AF459005.1|M1-USA
U23058. 1|severestrain
DQ308558.1|PSTVd-H112-lran
DQ308559.1|STVd-Es 122-lran
AF459003.1IM11/M8-USA
AF458994 . 1|{M31/M5-USA
Y09886.1|PSTVdI2-VI-16-Poland
AY492083.2fisolateS9-Poland
AY937181.1|PSTVd Int2-USA
AY937180.1[PSTVd Int1-USA
M38345.1|
Y09888.1[PSTVdI2-VI-27-Poland
DI225307.1|Korea
AB329668.1|Japan:Hiroshima
EU879914.1|VIR-06/5L-07-Russia
AF483473.1|St4/22-USA
DQ308557.1|PSTVd-H31-lIran
AY372400.1|H-Netherlands
AFA83472.1|St4/17-USA
HM107848.1|KERS6-India
AYA492084.1|S 10-Poland
KC810007.1|diascia3-Germany
KC810006.1|diascia2-Germany
JO889851 .1|Agata-09-184m-USA
JQ889852.1|WS Udacha-10-228m-USA
DQ308560.1|PSTVd-Ar74-lran
U23060.1|QF-Gemany
U23059.1|QFA-Germany
AY360446.1|Beijing
HQ454937.1|B14/B82-Slowenia
FM998549.1|070507 02-Belgium
FM998548.1|07087900CBelgium
HQA454935.1|B313/B314-Yugoslavia
HQA454932.1|B315-Slownia
GuU481092.1|ChalkV 74-Greece
HQ454934.1|BS0-Slowenia
KF021223.1|0133 2356-Italy
AJ515261.1|clone170-Czec hRepublic
PSTVd-HB

99

El4 RIFEPSTVAdERZEHBRFIIMENRELER
Figure 4 Phylogenetic tree of PSTVd isolates based on full-length nucleotide sequence
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SFR3RSZ, HPEANC A4 2Kr
PSTVd 43 5 ¥ (PSTVd-HB, AY360446.1 (4t 57),
PSTVd-IM, PSTVd-DB(REJEYT)), ZJEH 24k
4337, PSTVA-IM 5 PSTVA-DB (BB JpiT ) B fE— %,
PSTVd-HB il AY360446.1 (Jb50) WEE—F, H2#&
FGRREGL, UHEN DAL 2D 2R BRI
PSTVAKRZR ; AW RIS PSTVA-IM 5IE-FHZ
WA PSTVA 43 256k EF044305.1 56 & fe it , i 3 ¢
G X e BRI Ty A1 AL 100% 5 Fi P 4 ] B
AILLE 1, AR XA PSTV 741 5 3 £ 254
24 PSTVA-IM 5PSTVd &R ZFE. HEIKKER. 55
HENEHES

4 PSTVA-IM 558 ik £ (U23058.1) . Hrfalkk &
(AY937179.1) Fl 55tk & (M14814.1) #4717 R L
XPFI 25 6 430, HIEL S AT LA ) PSTVA-IM 5
5. L 59 3R R M ETENE SRR . 97.78%

U23058.1__severe_strain.seq

98.61%7#199.44% ., JH CLC RNA WorkBench 4.0 %k {4:
XU R T T b, S5tERE, iR
3NGEAEE A 25 (K 6) .

M E 6 T LAE H, 7EE0H X PSTVA-IM Fl 55 ik
RAIE3I0N AL th A RN U, FEOL =Rk
AU, SRR R AT AR RO KR AR A TR
RLRSFIX, T 123 MiA% IR IER G , 3 PSTVd-
IM FESAR R TE 237~246 13 ) — 22 & ARk, 1
SRR R A AR RN R AR ;. PSTVA-IM 7E 255
N BIE CRAS AU, S R LA, Wi
SRVER . IR R FEGR R I BAENAE, X
o ORI R, AR B
FERTARIX, PSTVd-IM FIEGHE R 120 A% 1R 5351 i
AR CRIU, RH [ B B ZE5HA 7 A5
{53 2153055 1k 22 F1 PSTVd-IM B 45 F 38, 5 5 bk 2
Fih IR R P ZE U A T 28k

CGGAACTAAACTCGTGGTTCCTGTGGTTCACACCTGACCTCCTGACAAGAAAAGAAAAAA 60

AY937179.1__intermediate_stain.seq

M14814.1__weak_strain.seq

PSTVd-IM__InnerMongolia.seq

U23058.1__severe_strain.seq

gc 60
gc 60
gc 60

GAAGGCGGCTCGGAGGAGCGCTTCAGGGATCCCCGGGGAAACCTGGAGCGAACTGGCAAA 120

AY937179.1__intermediate_stain.seq

M14814.1__weak_strain.seq

120
t 120
c 120

PSTVd-IM__InnerMongolia.seq

U23058.1__severe_strain.seq

AAAGGACGGTGGGGAGTGCCCAGCGGCCGACAGGAGTAATTCCCGCCGAAACAGGGTTTT 180

AY937179.1__intermediate_stain.seq

180

M14814.1__weak_strain.seq -

179

PSTVd-IM__InnerMongolia.seq -

U23058.1__severe_strain.seq

179

CACCCTTCCTTTCTTCGGGTGTCCTTCCTCGCGCCCGCAGGACCACCCCTCGCCCCCTTT 240

AY937179.1__intermediate_stain.seq

240

M14814.1__weak_strain.seq

239

PSTVd-IM__InnerMongolia.seq

U23058.1__severe_strain.seq

239

GCGCTGTCGCTTCGGCTACTACCCGGTGGAAACAACTGAAGCTCCCGAGAACCGCTTTTT 300

AY937179.1__intermediate_stain.seq 300
M14814.1__weak_strain.seq 299
PSTVd-IM__InnerMongolia.seq t 299
U23058.1__severe_strain.seq CTCTATCTTACTT. GCTCCGGGGCGAGGGTGTTTAGCCCTTGGAACCGCAGTTGGTTCCT 359
AY937179.1__intermediate_stain.seq Tt 359
M14814.1__weak_strainseq T t—t—t 359
PSTVd-IM__InnerMongolia.seq ~ —7 7~ tm——t—t 359

SEPRZR (U23058.1)5 PIAIBEZR (AY937179.1); H5HEFR (M14814.1); PSTVd-IM.
Severe strain (U23058.1); intermediate strain (AY937179.1); weak strain (M14814.1); PSTVd-IM.

E5 PSTVA-IM 5AREEFIENR RORRIES T
Figure 5 Homology analysis of PSTVd-IM with different pathogenic PSTVd strains
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33 #

PSTVd (5 FAR/IN, AUAT 359 bp, H 45
ARRE P HBORPEARDS , RN AR i v RE
SEER . A/ NFEES RS UESE T PSTV 3%
BEPR R RIS BERR R U 2E 3 MR, 45
AR 5 Z DG . BFTR B, B X A1 E FREEE
1 (Loop E motif) (9 1 A~ A% 11 IR 1) 240 48wt BB 52 i
PSTVd (B0 EAIL Y £ . PSTVA(KF44022
Ay 259 MR TEIR t C 28738 S U AT AP K 4%
R ZE AR R (PSTVA) (A7 EYE iz nl DIz
YR B PSTVd-Int 257 VAR U 587480 C 8§
A, AT PSTVd—Int 7 00 505 A T b i) 52 R4 v
5~101%, FH.H U F| A B 248 il S 80 2 250 1110
PSTVd-Int 5% 72 AR R, 8 1 PSTVA-IM 5
ANFIBEOR TR R eSS, RIS
SRR AL, (HHEE 1 A ] il A7
R T IRAIE, X BEZE A Y 2R AR M A B
T PSTVd B PEHLT R ABESR

t PSTVd 4= KPS & 1Y R G & & W] LUE
L, BFEE KRB PSTV B R RET LA R 34K
o3, HECSMA P23 [FEE, A
PSTVA MR G L BRIEEE H, THEIANNSE
FRAARIKR R 5P Wiy PSTVA ¥R RSB & K R
%), A A bR FR 5 BRI PSTV BR &R 6
FEY), PSTVAIEJUELEI Ty AR ETHEE,
5% PSTVd BRI, A A FH 1 PSTV 9 1% 5% F B
W, AL SEEN PSTV R IA R, JEBLR BE B
1 PSTVd ¥ 8L A 254 it -

[ & % X B ]
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