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H E ATHLAZEYRALEFXNEEG L AFRTALE, 20132015 FREHNGFMNESABE 2L
A E PRIR L E R B LS B4 E Y % A (Potato virus Y, PVY)IZ LW MEME SRR T LR B ok F L2, 5F L0
HPVY #ol 28 AKE KT 45 PVY H731 4.2 RT-PCR ¥ 38 . T H4k& 3 5 710 £ 04 & A5 34 . 5F
F A MEGA #4772 st tb o b, R A PVY 4 £ % & #H (PVY Fuquan isolate, PVY-FQ) #= PVY X 7 &
% 4 (PVY Dafang isolate,PVY-DF) A . # 4k 2 5# % T PVY-FQ ## PVY-DF ¢4 &~ A B0 5 5], PVY FQ & & %
Bid 9699 ANBAMMR . %A S REGFHAEIESTFH 188~9 373 nt;PVY DF £ A B8 d7 9 706 A~ s ik
AL S REGWM AR EAL TS 190~9 375 nt, 2 & 55 A KFELE CRE PVY AR A —5, x
PVY-FQ #= PVY-DF 4 57| 5 &4k id PVY 55| 317 2 b L o A L I, PVY-FQ 5 PVY "™ % 2 A A &K 549 %
% %%, mPVY-DF 5 PVY VA& HEL L Z,
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Full sequence cloning and phylogenetic analysis of Potato virus Y
predominant strains collected from tobacco field in Guizhou Province

XIA Fanjiang', GUO Yushuang®, JIA Mengao®”
(1. Guizhou Tobacco Monopoly Administration, Guiyang 550004, China;

2. Key Laboratory of Molecular Genetics, Guizhou Academy of Tobacco Science, Guiyang 550081, China)

Abstract Studies on virus genome variation are necessary for virus disease prediction and control. During 2013 — 2015,
tobacco samples which showed typical vein necrosis symptom were collected from Guizhou Province. Four pairs of
specific primers were designed from the conserved regions of published genome sequences of Potato virus Y (PVY).
After total RNA extraction,RT-PCR, molecular cloning and sequencing, the data of PVY genome sequence was then used
for phylogenetic analysis by MEGA software. The result suggested that two PVY strains, PVY-FQ and PVY-DF, which
were collected in tobacco plants from Fuquan area and Dafang area respectively.,were confirmed as dominant isolates.
Genome sequence analysis showed that PVY-FQ and PVY-DF contained 9 699 and 9 706 nt,of which their unique ORF
located in 188 —9 373 and 190 — 9 375 nt respectively. PVY-FQ and PVY-DF were confirmed sharing common genome
structure with other isolates published previously. Phylogenetic analysis suggested that PV-FQ had high homology with
PVYN™ strain, while PVY-DF had high homology with PVY" strain.

Keywords Potato virus Y; genome sequence; phylogenetic analysis
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b AU EE 4 A 1 L T [R) K & AR R W AR R
AT RES . 8 LA R 2R 7= b, AT 3
b SR AF SRR S A AE AR 22 Rl PVY X402 3 A
PR 3 5 AR B R G AL B PVY° Bk R (3
W Kk &, ordinary strain) . 5| ¥ 4 5 0 Kk 2K 3E 19
PVYNURFERIMR Z) 51R WA Ne ik E 544 %
TSR SE A PVYS Bk R QR ZI B0k 205 . SR,
Wi 5 G 8 G T R R O3 A 2 A R 1 R
J'& s AT B, Bl g R R AR AR T ik X oy ke A
MR R I B EHARAE PVY & A WAT
i AR T Rk AR R L E M B A L Ll
F BN I SRS B E R A AEY, B 2 R
VEW) 3 AHABT Rl S PVY BAE R 2 GGt T
FA . BN A AR A K AR R ] DX A%
PF2E 5 Wl G, X S0 R 45 PVY A RE & A 0 %
f7E SR E 20, 20132015 4R of |72 R ETE 4
FEE DAY BE L PVY REARAE S I X R 52 3 1y A
s AT A R B 0 A R R AR Y A AR S R 4]
W3, H 2 P 3 bk 2 4000 70 R 4R R i AR AR O
2R, R L Sk R e SR 4Ly 51, AT LA
S T f# PVY 7E 5t M M IRAT A A A, BT A
il 7 4 A e 0 FE R . AR i X Sk &R
4 55 KA1 P 90 1 o [ o LA S A g A N ) AR R T
R B0 W o BL At O R I 52N PVY B bk &
18 728 Ak i AL HR 0 S

1 #MH5RFE

1.1 ##

VERR 3% (Physalis floridana) (A 2T R B BE 5
B FEAE Y BT B AL 5 A 2E A (Nicotiana benthamina)
T 6,32 (Cheno podium amaranticlolor) i v [ 4k K

FWAEF LML R PVY B AL % R
B B 5 F M A R T
1.2 &4

2 5 iR 57 & (Promega reverse transcript
system No. M7741) fl DNA % & fiff (Promega pfu
taq No. A5001) l§ H Promega 2 & DNA marker
(Tans2K, % 5. BM101; Tans2K plus, %% 5.
BM111;4 5045 pBL F i % #5 T 84k (18 5.
VT206 1 B KAR AR 50 A RAAD
1.3 F#iE
L3.1 HRAEHRSB

SR A AR A R 5 5 0 AR 2K Dk IR B RE IR 1Y
PVY BEALfZ YA MR, f AR B2 Jr 5~10 g, fiff
FHE FE AL LT o AR >R 4R B[R] R B2 M i, SRR ST
BIORAE T WA .

HBE B BURTRAR AL 0.1 g, TRABTF IS L SR )5 LA
1 mL 0. 01 mmol/L Ay PBS 25 vh ik & 5, BE
WigEaF EH R 20 d J5 70 &5 5, SR )5 DL BE 7R
W HERD 20 3 B BES B« J8 o B A A A AR DR A7
1.3.2 3l 4%t

WHEBEREK PVY &K FIIFEE, A H
DNAMAN (Lynnon Biosoft, Canada) % 4 #f 47 4=
Jo 5 FORT s e R a5 g DR SF 09 XIS 1 . 519
A S R W HOR S WA R S A K T S
FEA AL E LR 1,
1.3.3 % RNA #9428

K H] Trizol I 47 RNA $2 B, #2 Uiy RNA
H 20 pL RNAase-free /K% fift . Ml 8 RNA ¥R JiE, ¢
W R 1 ug/pl, $EEUWE RNA 37 R F R &
B o

ElR7EIES

List of primers

P R BLAE PVY LA e

Location of the amplification fragment in PVY genome

*x1
Table 1
ZK il

Name of primer Sequence (5'-3")
5'UTR f AAATTAAAACAACTCAATACAAC
2.1r ATCATAGTTGGCCAGGTTCC
1.9 f TTAGGCAGAAGATGAAAGGTG
4.97 r GAATGTCATGTATGACTGGATGC
1.5 f ACACTGAGAAGGGAATTATTG
7.76 r TCCTCGTCTTATTTGCAAGTATC
7.3 f GAGCAAGAAATTTTCAAAGC

3'UTR r GTCTCCTGATTGAAGTTTACAG

5'UTR~2.1 kb

1.9~4.9 7 kb

4.5~7.76 kb

7.3 kb~3'UTR
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2017 4 55 22 &

1.3.4 RT-PCR

B 1 uL RNA, 4% 8l i A 1 pL oligodT,
Random primer 1 2 ;L. RNAase-free 7K, F 70 C
FAF T AEYE 5 min, B VK EIEE 5 ming 43 BIAKIK
A 5 pL 5Xbuffer,1 pL. ANTP mixture(10 nmol/L),
1 yL RNase inhibitor(40 U/pL) .1 yL M-MLV %
i )W i 5 1 RN Aase-free /KA B AR FUR 20 pl,
AR RTE 42 CEE 1 h,

Bl pL S8 5% 77 W ok B AR, B AR O A
2.5 puL 10X PCR buffer, IE [/ 1 7] 5 ¥4 1 pL.
0.5 pLL ANTP mixture (10 nmol/L).0. 3 pL pfu
Taq, & J5 H ddH, O %45 % 25 pl, SRJ5HHR 95 °C
5 min; 95 C,30 s,52°C 30 s,72°C #Eff 3 min, 3L
30 MEH s He )5 72 °C L5 min,
1.3.5 PVY £ mAf 5 0g 4 m

PRIURE A RNAL RFE 5%, L 5" UTR~2. 1 kb
I #EAT PCR 94, 4R J5 38 28 B Uk Ry 19 7 =X
SE BRI AE 2 R PVY
1.3.6 53 m & = 5 Hr

¥ PCR 7= 440 e [T fi o 00 e 32 5 el FH V2 VR i

&)

@ bp M I 2 3 4 5

2000

1 000
750

TR E AT . KA PCR Y& T ik
b EETYEACKIBATE DHSo B2 400, I
HEAT BAVE e RO 3 , 1A B i R AL ) 2= D
%5 AR AT T .

Iy 25 5k 1] DNAMAN $1 0 i 47 PF 4. il
A Clustal™ £ 5 B 41 PVY 4 K ¥ 51 #E 4T H*
5 Rl MEGA4 B4, DL 4R A 2% (Neighbor-
joining, NJ) #E 47 & 4¢ #E Ak 73 #r . & A 28 k6 5
(Bootstrap trials) AT 500 X,

2 #HEREHW

2.1 PVYHRMETE

PEWBOCR BBy 36 4y S0 FAE & RNA, RT-PCR
PR R AR 0 RE G R AT S, Foh 26 0y B
PVY BHYECE 1Ca), B/ 1(b) , %47 18 3545 1 7 51) 1k
M R BA 7 RESL 5 UTR~2. 1 kb (4 5L X ¥
HNFEAGE 4 — B, 53 Ab 9 Oy B i B R 91 [e] 95k 3k
F98% . HL, o LA 2 AR TR EH PVY
Gy B UITEIH H R HAR R .

by bp M 1 2 34 5 6 7 8 910111213 141516 171819 20 21 22 23 24

(a)M &y Tans2K marker; 1~7, P 3724 ; (b)M & Tans2K plus marker,1~24 Jy 8= 4p, WP 8 5 B2k 2 300 bp,
(a) M, Tans2K DNA marker; Lane 1-7, production of RT-PCR amplification; (b) M, Tans2K plus DNA marker, Lane 1-24,

production of RT-PCR amplification. The expected amplification segment in each lane is about 2 300 bp.
B1 XEWBEEHFRP PVY B RT-PCR &
Fig. 1 Detection of PVY in collected samples by RT-PCR
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2.2 PVWWE£ERASTERIEER
TE 2 DL RFEM D B PVY H6 R 505
Y)(PVY Fuquan isolate, PVY-FQ) #l PVY Kk J7 4>
B W) (PVY Dafang isolate, PVY-DF){E & 3 5 5 1%
A FE I H G AR, 20 IR IBUR RNAL SRS fi
(@)

2000

2000 1 000
750

500

250
100

() M 1 2 @

i Oligod T #1 Random primer #4724 5% » DA [ 5%
KPP AR L LAER 1 TR 4 X519k T PCR (1)
Py, BEREIR2 A E Y cDNA B A L
Wk PCR Y8 4R45 4 X519 WU R /AN 3 38 7= 9
(F 2(a) . (b), () FI(d)),

bp bp

5000 2 000

3000

2000

1000 1 000
750

750

500 500

250 250

100
100

(a)5"UTR~2. 1 kb 7 Bty 4555 (b) 1. 9~4. 9 kb Bt B4R 5 (4. 5~7.76 kb [ Bty #4455 5 (7. 3 kb~3"UTR
FEY WLER (a) . (b) . (dDF M i Maker Trans 2K; (¢)M 4 Trans 2K Plus,
(a) Amplification segments which matched to 5’ UTR—2. 1 K of PVY genome; (b) Amplification segments which matched

to 1. 9—4. 9 kb of PVY genome; (¢) Amplification segments which matched to 4.5—7.76 kb of PVY genome; (d) Amplification
segments which matched to 7. 3 kb-3"UTR of PVY. In(a),(b) and(d) : M, Tans2K DNA marker; 1,PVY-FQ; 2,PVY-DF. In

(c):M,Tans2K plus DNA marker;1,PVY-FQ; 2,PVY-DF.

B 2 PVY-FQ #1 PVY-DF EFAH HTER T IEER
Fig. 2 Amplification of PVY-FQ and PVY-DF genome segments by RT-PCR

2.3 FIIMBHEMBENL S

PVY FQ 1 PVY DF £ 45 Bt PCR 7= 4 [] i
Jor s FER AR . W 4 R AT PR, A R R
PVY FQ (NCBI # 3. KU724101) 4 3L A 41 4t
9699 A~k KL, gn S 2 B A B AE R 4G T

188 nt, % I F 9 373 nt; PVY DF (NCBI % 3%,
KX009783) 4 KL 4 3L 9 706 A it , g i £ B &
F Y B 2 AE AL 43 T 190 nt, 2 1EF 9 375 nt, 2 443
B ZREANRMSLEHES PVY C i iE i RE—
HE 3,

‘| P1 | HcPro I P3 ‘6[(1| Cl

| 6k2 I VPg I Nla Nlb

o}

P1:188~1 012 nt/190~1 014 nt; He-Pro:1 013~2 407 nt/1 015~2 409 nt;P3:2 408~3 502 nt/2 410~ 3 504 nt; PIPO.
2 917~3 147 nt/2 919~3 149 nt;6K1:3 503~3 658 nt/3 505~3 660 nt;CI:3 659~5 560 nt/3 661~5 562 nt;6K2:5 561~
5 716 nt/5 563~5 718 nt; VPg:5 717~6 280 nt/5 719~6 282 nt;Nla:6 281~7 012 nt/6 283~7 014 nt;NIb:7 013~8 569 nt/

7 015~8 571 nt;CP:8 570~9 373 nt/8 572~9 375 nt

B3 PVY-FQ/PVY-DF EFE AL RE
Fig. 3 Genome organization of PVY-DF and PVY-FQ

T 4R AR S0 K R TR PVY 43 85 W) 22 ()
WL 22 R, WAL 1) PVY-FQ Al PVY-DF
Fe 8 5 LA PVY AR 3 1 Bk & 9 35 DR 21 850 1817 W)
AL X 35 A% B B8 40 AT 31X 2 AN IR SR 4 5 Bt i
MHF BB R B2 R (2 ME 3.

KT EX 2 D EWHELZ LR K
PVY-FQ il PVY-DF #4154 B A4 i PVY 4
EHF I AT RGeS, R BR, K
PVY-FQ 54y PVY YRR R H i, 1 PVY-
DF | 5871 PVY "Bk R X RZEE(E O, H5b.
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HEAL BT 45 R BoR BARTEME N R RZ A O JERAEH AL AR EA R NTN FIAGY N B
PR EAEIR 22 50 L NTN Bk R N bk R R B FRAEHEAL b 25 O,

F2 PVY-FQ5PVY FTEXRREBREMEMIEEERSN
Table 2 The homology and genetic distance among PVY-FQ and
main PVY strain published previously

9 BE AR R JRBEMK R Strain
Strain PVY-FQ PVYY PVY© PVYN:0 PVYYIN
PVY-FQ 0.08 0. 14 0.08 0.03
PVYY 87%
PVY? 83% 91%
PVYN:© 88 % 92% 95%
PVYNN 92% 95% 88% 90 %

&3 PVY-DF 5 PVY T EXREFEREMSZEEZ SN
Table 3 The homology and genetic distance among PVY-DF and
main PVY strain published previously

I3 T R R JRTEMR R Strain
Strain PVY-DF PVYY PVY? PVYN-© PVYNIN
PVY-DF 0.02 0.08 0.04 0.11
PVY® 96 %
PVY? 88% 91%
PVYN:© 93% 92% 95%
PVYYI™ 86 95% 88% 90
dbjlAB714134.1 PVY isolate: OH M \
60 dbjlAB711152.1 PVY isolate: ONGOB6
99 dbjIAB711154.1 PVY isolate: OUNKG > 0
- dbjlAB711153.1 PVY isolate: OUNKA3
Too dbjID00441.1IPVY strain: N isolate Japan
100 L EF026074.1 PVY strain O J NA05N:0
EF026076.1 PVY strain N: O
100 100 FAY745492.1 PVY isolate N: 0-L56 N:0
96L AY745491.1 PVY isolate N: O-Mb112
| EU182576.1 PVY strain N isolate SD } N J
100L pyy pF
——— HM590406.1 PVY strain NTN isolate HC-2
100~ KC634009.1 PVY strain NTN isolate 3
EF026075.1 PVY strain NTN
100 PVY FQ > NTN
100 I__ AY166866.1 PVY strain NTN isolate Tu 660
100 dbjlAB714135.1 PVY isolate: T13 J
Yoor

L NE SN (U Pty LR
The scale bar represents genetic distance
4 PVY FQ #1 PVY DF £ £ F 4 F 5 & 4t #t L i
Fig. 4 Phylogenetic trees of PVY FQ and PVY DF complete sequences



573 k.

SN A I B % Y R O bk R A 8 S e I R S ik

JE AL 4 By 39

RIE & .

AR BIF 5% 3 Ao K SR AR SN A A SE L PVY R
w0 e DL o B ) IR XL o B W i A SR LY
AT s REFII Y . BESE A5 R KRB L PVY-FQ Al
PVY-DF AR H B W7 512K 9 699 nt
9 706 nt, F& gt AL 4 B BOR, PVY-FQ 5
PVYN "tk R B A H UM K% K&K, M PVY-DF 5
PVY "R KRBIT.

PIEXT PVY % Poryvirus (178 5 F 8 410 58

t, 4B CP 2R 1R P1-HC 4 355 ] 91 285 1 9 iF
FEABRTY . BRI Potyvirus )78 5 A H 241 18 A 2
RPN KT S e 1Y s HOAE PR AN W] o b 7R S
BB, HAEF 5 8 P1,HCpro, VPg fil CP
K A 45 DB B K 2 RO R L ARy BR T R A IX
Brofixt s mE AR T hm. Bir, x5
S L PVY EERRMRRR.PVY N.O K4E
ek 0, AR AR K RS R AR T R T 2R KR BE 1Y
PVY Ff 2 %25 77 i 50 UM e K s R T 28 Ik R SR E
ARJE PVYY SRR, I K DLk PVY NE 5t
M R g 3 B A 9T N B DG T B PfE— X 42 . SR TR AT
MRS R Bos . 5 PVY Y+, PVY YN £77E [
FEMR . X5 DA E R PVY Bk RAFIT 45 R0 A 22
S 5 M AR Y L b b R RS 2% 1 DL RO BHE B
TR AN R 1 A A PVY 3 41 B 1 8 4 2 KA
R G PVY YT ik i Y () H 4 bR R A
FERFAEBEN, FE, XWHRE . S L
HEEHNEAKRR . FIL, DL PVY 84 4 5L
B N SERE AT PVY AR SR 2 50 T 2 B2

PP M e AR WG B2 i A% L . HATTE
SRR BV T E LA @ 7 A AR ALk
( Neighbor-Joining ). & K fij 244 ¥ ( Maximum
Parsimony) . Il i #% (Bayesian inference, BD) fl £
FABL 8K ¥ (Maximum Likelihood)™'", |3k 77 1 %%
AR Hoh DL RAAR AR e W .
ARLER 105 38 38 B T Ay o 5 0 Ak o S W) G SR U 1 R AR
D AR Y ) 24 S s R IS T AR R i ) Bk
WAF T s R ZH0N 00T 4B A7 15 78 1 5 0 B A
FEA RO BN A PR A S R AR
BB YRR,
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