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G 3G, AT — A T R BT DR EPVY
PRRBZERIRN oA, i —20 SR EPVY X
Bi i A & AR A E 2 A e Sk

1 ARfar
1.1 FEREA
BRI AT H B ARSI . ANTPs . FES AR

RNA$ R (Trizol) 73 51 B % A=) TRE(CKI%E)
HRR/AH] . Promega’s /) FlInvitrogen/A ) .
1.2 FEARRIR

AT A i H TSR A F B R VT b
XA QnkIRSE . SN . BRI B PV YIE
RIS BERE N, ZELISAXKEPVY NIHME,
e IS PR HEH FAILE:, B F-80 °CUKAR P i
FE(FD).

1.3 PVYRHUS| Y K PIRE Y B | ¥

HTPVY R CPERFEAFMPVY kR THEA
FEEARSEE, BT LA YE GenBank & A i HUPVY
DR RCPEH P HMRSFIX, Bt T 1 CPIE
K519, 51980 B 0 R Bk /NR427 bp.
HREPVY P X H 4] MR L, XfP13E
XA B A 5147, 17 F5-UTR(S Sl S
D) X AR AR X Ak, PCRY 18 H 9 A BEA1097 bp,
AL S -UTRIX FZERE P13 B X3 (#22)

1.4 HEREBRNARE R cDNA K&

i FH Trizo i 551 v 4 He 25 4% 255 i b 11 58
RNA, #EBOUTES RIARI G . SRNARI
SERUE, FIHPromega/A Al AL = IM-MLV#E{ 115
A I cDNASS—4%

1.5 PCRY HEKEPVYRN

FIFHAERT-PCR T A TPVY £l K cDNA
SR A A5 4 W22 . PCRY 1R FI25 pL
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1. HmiIPVY PIEREFFI5GenBankh &R 75
Table 1. The PVY P1 sequence of samples and

reference in GenBank

%nB ank From Year i];l(l)ll:ts;udy
R051220  Harbin, China(I5 /K1) 2009 7-2
KRO051219 Keshan, China(7Z111) 2009 8-8
KRO051218 Keshan, China(5g [11) 2010 9-4
KR051217 Harbin, China("4 /R %) 2010 30-2
KR051209 Harbin, China(I /R i) 2008 C-239
KR051221 Harbin, China(F4/RIE) 2011 C-429
KR051210 Harbin, China("4 /R %) 2011 C-433
KR051214 Ningan, China(‘7*%) 2008 NA3
KR051207 Keshan, China(FZ1l1) 2009 32-8
KRO051208 Keshan, China(3g1l1) 2013 32-18
KRO051212  Keshan, China(7Z111) 2012 C-827
KR051213  Keshan, China(FZ1l1) 2012 C-860
KRO051215 Binxian, China(££) 2013 XJ6-4
KR051216 Gannan, China(H ) 2010 ZS5
KRO051211 Huma, China("34) 2012 C-533
GU074001 Heilongjiang, China( % J#71)2008 —
EU675327 Shanxi, China([$27%) 2008 —
EU675325 Xinyang, China(5t fH) 2008 -
KF722821 Fujian, China(fii£) 2011 —
JF911803  Guizhou, China( 5t ) 2010 —
KF722841 Fujian, China(fii %) 2011 —
FIJ766536  Keshan, China(5¢1l1) 2008 -
EU675326 Zhengzhou, China(¥$JH) 2008 —
FJ423030  Caohai, China(%i ) 2008 —
FJ423029  Guiyang, China(5 ) 2008 —
GU074002 Dalian, China(Ki%) 2008 —
FJ423028  Lushi, China(/5[%) 2008 —
AJ315746 Russia 2001 —
AJ315741 Canada 2001 —
AJ315745 Canada 2001 —
AY745495 Canada 2005 —
AJ315744 USA 2001 —
AI315742 USA 2001 —
AY166867 Canada 2003 —
X97895  Swiss 1996 —
AF401609 North America 2002 —
AF401607 North America 2002 —
AF401600 North America 2002 —
AF401604  Slovenia 2002 —
AJ315739 Slovenia 2001 —
AB461455  Syria 2002 —
KF184653 Serbia 2011 —
AJ315738 Denmark 2001 —
AJ315747 England 2001 —
AJ315740  Ukraine 2001 —
EF026074 USA 2006 —
AJ315743  Scotland 2001 —
AB461487 Syria 2004 —
AB461459 Syria 2006 —
JQ924288  Brazil 2007 —

R2. AARPERBISIH
Table 2. The primers used in this study

Primer  Sequences (5'—3") Size/bp References
M40-5"  GGATCCAATTAAAACAA
CTCAATA
NTN-R  CATTTGTGCCCAATTGCC 1097 [26]
NADS-F CTCCAGTCACCAACATTG 140 [27]
GCATAA
NADS-R GATGCTTCTTGGGGCTTC
TTGTT
PVY-F  GGCATACGGACATAGGA
GAAACT 427 [19]
PVY-R CTCTTTGTGTTCTCCTCTT
GTGT

FUSifAZ: 10xPCR Buffer 2.5 uL, MgCl, (2.5 mol/L)
2 uL, dNTPs (2.5 mmol/L) 0.25 uL, PVY-CP-F
(10 pmol/L) 1 pL, PVY-CP-R (10 umol/L) 1 uL,
ddH,0 16 uL., rTaq (5 U/uL) 0.25 uL., ¢cDNA 2 ulL,
PCR W 444 : 94°C 5min; 94°C30s, 55.5°C
30s, 72°C45s, H30MEH; 72 °C 7 min, PCR
JRE S5 TS BUSL S =45 wl, FFH 1.2% 0 Bl A
P I L VARSI
1.6 PIEERXKY K

PCRY" 4% Touch down PCRJ7 1, {1125 uL
VK Z: 10xPCR Buffer 2.5 uL, MgCl, (2.5 mol/L)
2 uL, dNTPs (2.5 mmol/L) 2.5 uL, PVY-CP-F
(10 pmol/L) 1 pL, PVY-CP-R (10 pmol/L) 1 pL,
tTag (5 U/uL) 0.25 pL, ddH,0 13.75 uL, cDNA 2 pL,
PCRIZIW &40 : 94 °C 5min; 94°C30s, 62°C
30s, 72°C90s, 5MMEH; 94°C30s, 60°C30s,
72°C90s, SME¥; 94°C30s, 58°C30s,
72°C90s, 107E¥; 94°C30s, 55°C30s,
72°C90s, HLI0MEN; &5 —RIEFHIET72 °C
10 min, PCR I 45 o5 BUR W =95 uL, I
1.2% ) SRR REEE IS FRL VKA . PCRI 214K J5 72
FEZ=pMDI18-THIA I, JfH4 b2 DHSof3Z 25 4l
. ZPEVE PCRYSE RS A S 4l Bk, B ALk
PR P BAPE s IR R FEAR IR, 5
J W (5] K 40 Lk 43 B HEBR R PCRY 3 51 1Y
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1.7 FHI5 T R R G AR K2

It e Y IS5 2T 5, ffiFHBio Editer.,
DNAMANAEERAAFHATHE— 20 E 80 530, D T
[R5 EER . 54, MGenBankitHt H
A AIRE RBPVY PIEHFIIENS %, FIH
Clustal XiE{ T @ P31 2 5 X, A3 3045 A8 ]
Gblock# T4 )74, FIFHMrModeltest #4304 7
R T 9 il A AT PR L RN 4B,
MAGA 6.0 3 rr itk o34, it 5
EAHE S RFEIPVYRE R BIEE X R . ML
PO AR 0P AN AT HEAA AT, AT AS AT
A A EPVY Z AL AR
1.8 JFIIEHRN

P3RS, 254 BioEditfliClustal X H
X tr, ZBrgap, JEMELRDP 4.465844FF Y
RDP. GENECONV, BOOTSCAN, MAXCHI
SISCAN., CHIMAERA ., 3SEQ% JikitfrH 4
Gax

9 10 11

2GRN

2.1 PCREMIZE R

FHEE X CPIER Y 3 51 51 4 Fn A X B 44 2
NADSEERE 5[ P XF 150 FF i E A TRT-PCRAG I
FEXE e TN, WP E5 R, ZPVYRY
YA i AT DA [R5 1 2400 bp 1150 bp iy =4,
T B X BERE B HBED 14 H 29150 bp AU~ #(181),
I ARE GG TPVY .
2.2 PLEREMY 1

fifi HH Touch down PCRJ X i HPVY P13
SRR NHEATY 1S, U R MPCR™ M K /MY
1100 bp (K12), 3445 FIPCR ™Y i [
FlE DT, X BT e B e
2.3 PIEERFHIHT

I FE R 81 X 2B, A il A R DXL 91 ]
Iy h2d, Hip—41h7-2. 8-8. 9-4. 30-24l
2011-C-43355 M, e BT AR S Bl i) =

12 13 14 15 16

L - 1 «— 400 bp

--------

1. PVYTRFHPCRIGNLER
The results of PCR detection for PVY. M: DNA Marker; lane 1: negative control; lane 2—16: detection of
PVY samples.

Figure 1.

M 1 2 3 4 5 6 7

9 10 11 12 13 14 15

B 2. PVYSEHIPIEFEPCRY #774)
Figure 2. Detection of PCR product of P1 gene from PVY isolates. M: DNA Marker; lane 1-15: the P1 genes of

different samples were amplified by PCR.
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rZ—, BAINERE T —BCRm, iR
SO RER LA 24, AT —EeR
[ R o = Ve S 0 & e e . S NS A L
B — R N 95.79%
24 SEREDSLEPVY PIEREFFIWBELI T
FIH Clustal Wil TR P F 2 H LU X, &L
Xt 8K 823 bp., i X R RYFESI, f
Gblock # R ITUARITHE1FEIHK B K794 bpi 751
TRSFIX . il FIMrModeltest /4 E AT EHE 1751 5o
B BT B2 B AR (4 43 AT, ALCHR HE AR 7Y
FGTR+I+G, i JHMLEH T 1 &R 58 & & W
(bootstrap A 1000) Gl E3 /s, ¥E154FEM 5
GenBank H i 48 19 231 HAth ] 5 A P4 2 4R 08 1Y
12/ B Aff b 5 PV Y I 75 P 1R 571 — [) 4 s ot
TR R P A, 0F— 28 X I e R A T A b . K
GenBank T E A B YIP1LTH], S54SR SLEH Hl
FE M5 B YIP UTFEAT IO 53T, 1320 i fk
BT, MWHAIRATAT LRI, Fid 5 97
GRS 2RI, BRATKETFRAST, S24,
S1ZH 43 B W BEm K TS24, X244
i, ST XA 34 (EAA, B, C), i
kB FHEWEEEDFEHA, Ch, B4HBH
kA TREN T EMICAELA, Hf8-8, 30-2,
2011-C-433555 MRS SREPE . BEIH . A, T re
SEHL R ST AEALL, T AR Y SR AL T
FERN B FECHL, Wi B R . BARESAA
B | gk, EE . P AT E SN
FEdh . CHLRESIRITEYE, ViR BRI VT ke 5 B
A HARRAE . v A S B4R 5 | Fh R 2 2
F RS, UIAPVYARG SRR, Bl
23448-8. 30-2. 2011-C-433%5/ AL MPIIE [t
AT 58 FHR 43 A i HAT TSR 2% 1 AR Ak 1 15 AT
T AAN, AT RIS R S PVY B R
FHRAL TIN5 —2, BABRA AL

ft, DI ARE B AR R HEEPVYY, HSYR-
IMIFPVY L5, HAs-8, 30-2, 2011-C-433%%
SOFER BT BIAL, HARSAECH, H5IFH Rt
SR —3 W2 uE T, P EPVY
PURH WM, RIS AR B 5 A IR AE
2.5 EHASMT

W IIRDP 4. 465K A T, 45 R EBAE
15/NPVY 43 25 4 v oA i 2 5> o 25 A F 414K
AT, B FPIERFE 277, 312,
329F16624b(K14), 33X 54~ F LA AT IE B 47 8 20 15
B, HHSZRAME, — A REFA L5
12012-C-827, 7j—1HKIE T GenBank ' iYN-Jg
(AY166867)7EWI(K4), Hrr, 2012-C-433 1%
FKITE277 bplb A — D EAN S HONEL, PL9-
4FNT7-2 R FRITE3 12bp b A — D F L7 A Y
O:N#, DJ8-8 MM 7E329bpib A5 — A EE L 07 15,
FO:NAL, DL K PA30-2 K3 14312 bp 1662 bpkk
2 HNONAY,

3 it

ULAESR, T EXTPVY Wk R BT bl FE PR AH ¢
5T ) A J 1T 5 e — SERb B N D% ) %8, v [ ]
THEBR, BEREEE, K2, PVYER
NG ZRLI IR RS, & XPVY &R A
HVE s AR F A SER . BN XPVY Bt
RIRBRZ, BUF T —SH/ LR, KIm4E
Xt SN URPVY IRSERE R 2 B4 T T4 #r, &
MHSPVY ™ Wk R L RBE, R4
MR FAPVY B R VAT T 4%5E, JFad vk
HCPEEIN, WFFE T e CPIE R M B X PV Y 2 A2 1Y)
Pom e " PISLINFSE RPVYWIST L B Y
W, KETPVYFE R (9 5 41 F 28 28 48 4 A 7
PUSEPR X, S [] (4 2 2 A [l ik 2 9 AR ]
A, HARRE A KCE B2 Rl E 2R IE TP
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AF401604(Slovenia)

95 - AJ315739(Slovenia)
1Q924287(Brazil)

g0l —KF184653(Serbia)
AB461455(Syria)
[ FJ766536(Keshan)

990 GUO074001(Heilongjiang)

—O 8-8(Keshan)
1 U675325(Xinyang)

32DEU675327(Shanxi)
2<(02011-C-433(Harbin) A
—[JEU675326(Zhengzhou)
I~ AJ315738(Denmark)
—(30-2(Heilongjiang)
= AY745495(Canada)
01 X97895(Swiss)
0 KF722821(Fujian)
[1FJ423030(Caohai)
—1FJ423029(Guiyang)
9 | tO7-2(Harbin)
L(O9-4(Keshan)
AJ315746(Russia)
AJ315744(USA)
AJ315747(England)
AY 166867(Canada) S1
CJF911803(Guizhou) B
AF401609(North America)
99 AF401607(North America)
AF401600(North America)
—(OC-827(Keshan)
—AB461487(Syria)
—(32-18(Keshan)
—(2008-C-239(Harbin)
— JQ924288(Brazil)
HJKF722841(Fujian)
| —(O32-8(Keshan) C
-(OC-533(Huma)
~(O2011-C-429(Harbin)
—[1GU074002(Dalian)
~OC-860(Keshan)
~O ZS5(Gannan)
(ONA3(Ningan)
LAB461459(Syria) —~OXJ6-4(Binxian)
1 FJ423028(Lushi)
AJ315743(Scotland)
87 AJ315740(Ukraine)
82 EF026074(USA) ©
99 AJ315742(USA)
AJ315741(Canada)
T 'AJ315745(Canada)

E 3. FEMXPVY PIEEMF LR 54

Figure 3. Phylogenetic tree analysis of PVY P1 genes from different regions. o: isolates from China; o: samples of

this study; S1, S2, A, B, C: group number.
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1 277 312 329 662 794

l Protein one l

Non-recombinant i i
N-Jg #I
2012-C-827 m"
Recombinant | i 3
2011-C-43 ————————————— —————————

9-4 — : :

30-2 — | ;

4. 157 BYERM <A
Figure 4. Detection of recombination events in 15 PVY isolates.

XA ZES . ISP ISER K0 AF5E, XHigAq
PVY kR LA R KR VERH K& X AR5 E
X BRI VLA 15 B Y R HE P LA K AT 4
BT, I PR S ORI SRR SRR B A, R BB
PR RREA M X LSRR, TR SEN
Ho Al 3, DX it HE A4 72 5 B AN i U BOR  OR &R
A —EH R AP ESAEER PR S
CWATH A RES, HXSAFE M EEA—
FER2E S, I 5 1 PN A b X Sh— BB it
Al P R F 91 LAz (513)

X% M GenBank H e 5 T [ Py H g Hb XAE iy
I F S HIPVY PLEERI HEATHEAA 04T, LA
HEPVY 5ESMIES R, HEBATLIE N, B
APIAT3RST . S2MRAL, MiA UKL T BT
B TTHL I ORE R R, 7SI, Hrp £
TEATAL (5 )FCIEZ(10) . MERER 739
PIRFE, SUARILHIZE R TS24, WM &AxXE
PUEKPVYER PTG Lh il K. 540, R4
GenBankH' & & &P 52 AP VY R R (5
B, AB461455H1AB461487H P 1IN E A E
FPVY RRRN, AR g R A TR
JeiT s X RS, Hid8-8. 30-2. 2011-C-433%;
SAFER S5 AB4614555r —4, HEMMN 5

AB461487IMRL R R, 1R B A5 ir
e AORE S P 1 R S PVY N N YRR R AR
MPVYN™N Wik R EdPVY N HIPVY W2 E 40 1T
e RIAR R, XU T R TLHL X P VY >k
VR DL AR RO, R DL R L
PVY", PVY 4 RL B AIER o

S IT LA B [ N APV Y i 1P 1 PR A4
Brisi], PVYSZAEGZIEA, RIIL100 7378
CHTIPVY FER I AL A= T B 7 4 o
ALk, T R AL SRR T RATERH, Ak
APV Y A AT R 2 B I [ A g R Y 5 |
A, RN PVY A B ] P AN (i) DX 35 ] ) 9 558 e
P iz L #% o R, P13 Hr ik &
B, X 1SR A S E R AR AR
PVY " BR R, &4 NIk, M TPVYFfEE
MR RIS, T IEHE AT S B AT A
M4, HEC s AR REPVY A
TIURN, LTS TR SR, RED
EZ4RE T HA . B TPIER S5PVYHIEAERA
RRAEYVXR, PUERMNALESXPVYHBUR
PEAZN, PVY PR R B Z X TPVY Y314
W K Wi ia A R S, T A PVYRE R ST
ERIZIRBR AT 256
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Characteristics of P1 gene of potato virus Y in Heilongjiang
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Abstract: [Objective] Based on different potato virus Y isolates gene sequencing, we studied the diversity of potato
virus Y strains, to provide information for molecular detection, prevention and control of the virus. [Methods] P1
gene of 15 samples of potato virus Y of Heilongjiang Province was cloned and then the sequences of genes were
analyzed by using phylogenetic tree. [Results] Samples were divided into two groups. According to a comparative
analysis, 10 samples have highly conservative and homologous genes. They are the dominant population in the
research area and have certain genetic distance to other domestic samples and foreign samples. In another group, 5
samples differ significantly with local dominant population in term of P1 gene. These 5 samples also have some
differences and their P1 genes are close to those of other domestic samples and foreign samples. By comparing PVY
strain data provided by uploaded sequences in GenBank, it found that P1 gene of test samples is similar with PVY"
strains. These 15 samples as well as other domestic samples are evolved from PVY" strains. [Conclusions] The P1
gene analysis demonstrated that PVY is influenced by environment significantly and PVY of 10 samples in
Heilongjiang develops local characteristics in the long-term evolution. The later 5 samples reflect that most PVY in

China may be introduced by foreign cultivars. At the same time, PVY spreads through regional resource exchange and

tuber transportation in China.
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