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2. ORI AR RL 2B L FAEIWE T WRI/RIE 150086

E. % E T T 5 (potato mop-top virus, PMTV) A& 044 2 8 B I S M 75, )™ H f i A Z 0= = 0 i
o N A REHAS TN 44 2 1) PMTV, A 50 56T PMTV % 5 5 i (RNAD L 41 5% 8 H (RNA2) #1183
(RNA3) [ =47 FE R 41 RNA, £ 5% RNAT B iHFR 1 519, 57 ik RNA2 5 RNA3 ©R K514, IR < R 4
i, IR PMTV 1) = B30 56 55 58 & Wi i 305 S B RT-PCR KR B o %IRRT PMTV BAT ) R U Ao
5 S, SRS FR > 0.1 ng - uL' cDNA, H 1 AR K6 31 RNA1(265 bp) \RNA2(460 bp) Fll RNA3(769 bp)3 B H
BIFEH, ToAE RN o FFZAG AR BT R =8 )48 SRS 200 45 S ZRE S HEA TR DN, 2L R T 24 430
PEREA, BIPE R 12%. i%4K R AT R e A AN [ 121220 (P AR I W B 20 B B, 38 FH T P TR R AR ek 07 2 5
EFAENI . pEAh, T o R BAMEREAN 3 B H MBI P AR E 1) R GG R, E PMTV 4Bk fi T 24
BEAL A 3, BN FL AT B AEAE AN [E) SR VR B AS Ml S M Tk . AT 78 57 () = B8 RT-PCR KA £ 2 PMTV [
D53 F-IAT 3 5 VA S P (R IE SR B T W SRR TF B

kHEIR): D8 F F TR T ; =8 ; RT-PCR A2l
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Establishment and application of triple RT-PCR detection method for po-

tato mop-top virus
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Abstract: Potato mop-top virus(PMTV)is an important quarantine virus of potato, causing severe damage to both yield
and quality. For efficient and sensitive detection of PMTV in potato, this study developed a triple RT-PCR assay based on
the three independent genomic RNAs of PMTV, which encode the replication (RNA1), coat protein (RNA2), and move-
ment (RNA3). Specifically, specific primers were designed targeting RNA1, while previously published primers for
RNA2 and RNA3 were screened. Following optimization of the reaction conditions, a triple reverse transcription poly-
merase chain reaction (RT-PCR) detection system for PMTV was successfully established. The developed assay exhibited
high sensitivity and strong specificity for PMTV detection, with a detection limit of 0.1 ng - uL"' ¢cDNA. It successfully
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and simultaneously amplified the three target genes: RNA1(265 bp), RNA2 (460 bp), and RNA3 (769 bp), without any

cross-reactivity. Using this detection system, a total of 200 potato samples collected from Yunnan, Guangdong, Guizhou

and other regions were tested, revealing 24 positive samples with a positive rate of 12%. The developed assay demonstrat-

ed reliable detection across various tissue types, including leaves, in vitro plantlets, and tubers, making it suitable for rapid

field screening and seed potato quality monitoring. Furthermore, phylogenetic analysis based on three target nucleotide se-

quences of nine positive samples revealed that Chinese PMTV isolates were distributed across multiple evolutionary

clades, suggesting possible diverse origins or local adaptive evolution. The triplex RT-PCR detection system established

in this study provides a reliable technical tool for rapid detection of PMTV, molecular epidemiological surveillance, and

seed potato health certification.
Key words: Potato; PMTV; Triple; RT-PCR detection

L 85 % (Solanum tuberosum L) AE F i 5 25 Y
KA EEY, KRG AT .- Ga R R .
EEIRIERCTE X SR o3 AESE N | AN | AN <5 | A=
BT T2 R . 20172021 4, FRE G4
TR T AR 7 B A 50, 5 R SR E R K
T 8.75% I AUE 1 2.23%Y, fEMHB AR TGIES
BRI AT, B S A ST G, SEOINER] T
DRFNEEA .. SRBEHRBHNELE SR
SR B BT, A2 i 24 ] G R B A R R
RBEMEEREKRZ —. Hr, B85 KT (po-
tato mop-top virus, PMTV) J& B % 25 %) B k6 0% 1
TR, R G R 5 M i BTR RCASEEI B £
PELLEARER VTR BT 5 3 B MR 1T (8] 4 5, i 7%
B TN T s B2 38 2 R AR (L OIR BOIOR IR
FEBE , 9 7 B IS 3g j B B T L 3% 57 AR AR T
R 5WBE, = R E R A E Y. PMTV
BT 1996 A AE I3 22 0 55 R GE L B S H
Y Y R 2463 R 35 TP BRI DL B JE P8 2
HIX ) 84 R XY 324 Ak, 7R E PMTV
R IR HUEIRAT , 45 2 T 16 PN B R 2 928 1 5 1)
PERE AR A T R XK 2] PMTV A7 £E
PMTV 3 B B 5 K i 16 (Spongospora subter-
ranea) AT AL 4% , My i o /& PMTV s B A& N
PR TR, H 50 900 T i 74 T P 858, PMITV (3
WAootz @EES, 2 RAETUFRRE, L 1E
B A D 5T 3 X

PMTV & 7 R 8 F} (Virgaviridae) & % E &
1509 2 J& (Pomovirus) IR AN, s 3 B0R N ELAT
R R K B2 100~300 nm, B 45K 18~
20 nm. PMTV JEHZHH 3 AN IE SCHLEE RNA 4Lk,
573124 6.1 kb ) RNAL.3.1 kb ] RNA2.2.9 kb ff
RNA3", H ' RNA1 %if% RNA 5 i/ , RNA2 4
iy 20 kDa [1] 4} 5¢ & M (coat protein, CP) Al 67 kDa
138 52 2 H (read-through protein, CP-RT) , H ' CP
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5 PMTV WPRER =42 A 5%, CP-RT A& M i 4% B B
& 3% B9 85 B9 L A R AR, Reavy S5 " HF 78 K BIL
RNA2 Zwtd ¥y CP-RT M6, £ PMTV A Reid it
K 0 B A% #E . RNA3 4 i = 88 2 K] Bt (triple gene
block, TGB) Ml ‘& - it 2 2 & H (cysteine-rich pro-
tein, CRP) , TGB 1 3 /™ 4> # & ) TGB1.TGB2
A1 TGB3 11, TGB1 & H 415 PMTV 40 i [a] # 3))
MK BE B S 5, RIS TGB1 4K #6iT- TGB2 A1 TGB3
HE R EAER AT — N2 3 & A R E R AR 2
R FER IR AIRE /1Y, CRP B A RNA JLERH
il Dy e , /£ PMTV 1= 4y i 72 o B 6% [ K 77 32 19
RNA JTERRE 1"

H A, 16 PMTV RGN 77 7% 32 2 457~ A
Y vk L I T S O B ARV TR 9 I
DL PCR A EL ALY oAt 35 /R A ) %6 2 5 52 R
T PMTV 12 G i R0 BR 55 1) v R Uk, 3 3506
HEE M, WIS %I S Wi R AR . 1B ST
F, S U B R 2 0T AR ALK A4 T2 25 14 9 B A DA IX
I3 ALET LLVE AR PMTV B4 B 7. b4k, H
T PMTV {E7F AR N A A52], BIFAERT A &G
TR AT A0 A 52 B A5 B 0L 1 » SS01SF T BBk S 2 T Bk
IR R 5 HAR T IEM G, PCR A
FORIE TR R AL IR 7 91 B W, LA o vy R o e
PR RO, 75 PMTV A I B A R B 5 .
Xu ZEELTF PMTV H CP K 7 5% 11514, 57
T RH L 43 R A R, S 26 P G 9% W PR
Fa 7N W) 45 7 15 DA JOF S H T S U WL B AT 4%
EIUE , 45 R 2R R WA R B A S R AR .
SR, 25T PMTV B4k RNA 5 X 380k 22 1 4 )
R R R PRY, iz X R 4 3 AR A8 F 5k
S SIS, 23 T ORI A4 28 2R A%, AT 77 A Al 9 1tk &
S0 PMTV HH 1] e i 0T[5 428 A4 s % 76 AL
I, AW R EE T PMTV 3k R4 1) 3 4% B ik
RNA & iR 9l ¥, & 7 PMTV ) = &
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RT-PCR Rl 2 , iz 4K R AT [RL AL I PMTV 1) 3
AN B, il 2 SEAR AL, S F B2 R T PM-
TV KO AERA P [RI, S A i & T DL
HBE PMTV [k £ AR B0, JFal i [ A Sh 7 B AR
FER AL 41, 36 ) PR R U S A R AT, IR E
R P A BT R AR O T R PRI

L bR

1.1 ##

AT 2017 —2018 HF7E B IRITA KL RL
B o 1l 2 B kAT o I B 32 R A RO ik AR
WA FE 4L, JE3RAF 200 1 TH 88 AR A, 4 00K H
HEZFE RGOS RS SR
FEX FE R B G SRR AR L R .
BB i b Al B IR ARIRBE | BBl SU 55 5E
L PMTV 12 GLRER e =25 o BRI0 B 4 5 B Ok 48 il
56 4 2 W B 22 CELISA) A RT-PCR B8 41F f) 4k g T 4%
EHLZEPMTV FH A% G REFE i DL Je 42 8 X i 75
(PVX) .S ZE MW EFPVM) . LA E AR
(PVA) . %2 S i # (PVS) . LR 2 Y i 5
(PVY) . B4 2 45 5 # (PLRV) 55 6 Fs 2% FH 1%
FE ) B BB ORTTAE LR B 51l 4y BEF it
1.2 KNSRI S5 FE

M GenBank T # PMTV AN[F] 4 550k 1 5 K] 21
J¥ %1, F F BioEdit % 4 i 417 2 J¢ 51 L Xt , iR Jl
RNAT FIR5F X 3. i H Oligo 7.0 FfF7E RNAL
RFIX BTt 14 X554, BOK/ING A 150~400 bp,
B KR E N 52~60 °C. P X RNA2 Fl RNA3, ik
ok &£ M 5 ¥ (H360/C819". pmt3- S1/
pmt3-A769") , K 3 XF 5| ) B G A B AT X
a3 B IR BB — 3, B AR Ry A R
Mo B ZARARTE B — 51 P () B B L2 X6 5] W) AL
R 3 X5 =5 RT-PCR A & .
1.3 S RNAIZEL

S AL SRS A R A R A R A P A
S RNA HRBGAF & (RN330 1D 3 B FHEHUE RNA.
1.4 2 RNARERN

K & 43 )% 9% B 1 (NanoDrop 2000, Ther-
mofisher Scientific) Il 7€ &t RNA I B (Asg/Ano LLAH
TE 1.8~2.1 Z I8 . it 1% A A Bk fise mi ik CHL I
100 V,20 min) & ill RNA 58844 .
1.5 cDNA $E—EHIKRES

{8 ImProm-11 ¥ % 5 CEHE M AR VIR
FRAFDARK cDNA 5558, NVAKRRUIER 1 . N

FEFF:37 °CIE B 10 min( 5] 7iE k) ,42 °CHEH 30 min
(cDNA &) ,70 °CKiE 5 min, P2YHRAET 4 °C .

Fz1 cDNA ARFAERFIERNIKR

Table 1 Reagents and reaction systems required for

cDNA synthesis
e iEs M
Reagent name Volume/uL
S RNA 4.0
Total RNA
25 umol - L™ BEALS1 4 1.0
25 pumol - L™ random primer
10 mmol - L™ 4% H = 1R 1.0
10 mmol-L"' dNTP
RNasin RNA F 1751 0.5~1.0
RNasin RNase inhibitor(40 U-uL™")
M-MLV ¥ % i 0.4~1.0
M-MLV Reverse Transcriptase(200 U- L")
5x M-MLV 4¢3 fig il 5.0
5x Reverse Transcriptase M-MLV buffer
& RNase 7K Fh AR 20.0
RNase free H,O Add to 20.0
KTt Total 20.0

1.6 =ERT-PCRIFZRME

53 A LA PMTV BH % S B 4% #f cDNA (2.0 ul)
AR, #57 25.0 uL = F RT-PCR fA £ :12.5 pL 2x
Tag PCR Premix (&% 44k}, A TRARAFD,3
XF 51 H (AR PE 0.2 pmol - L, £ TF#& 0.5 ul) , i
A TA ) TR Rl e A R 2 7] 6 i ddHLO b
% 25.0 uL. AR 94 °CTHAE I 5 min; 94 °CAR
P 305,56 °CiB K 30 s,72 °CHEfH 1 min, 35 M 1E
572 cCH AL 8 min, P #{R(FT 4 °C. PCR j*
M 1.2%35 N BB EERL Pk (R 120 V, 30 min) £
WMo PMTV FHME B b5 5505 A TAY) TR CRED
JBE A BR 28w AT X 0
1.7 SI44F5MIEE

SNGAE T B BT PMTV R0 (45 b, o
Je ¥ 519 7 FIE NCBI 24 i3 47 BLASTn Lt
X, AR e R e . Bl S, LA PVXLPVM,
PVA.PVS.PVY.PLRV %5 6 F ULy 28 1 4 2
PR RNA SREAGEEAT 22 SR, DLVEAS 51 0 1%
Rt
1.8 RT-PCRA&MMAZ R GUE MR

B Sk R 15 B9 PMTV BH M R 5 cDNA
(100 ng - uL" , JFEAT 10 £ 56 B W B (107'~10° #
BEFE) o 3 nl K I L 2 ¥ PMTV ZE K 20 RNAT.
RNA2.RNA3 7 Ve 5| W) 7 5 — 5 W ()
X (RNA2+RNA3) } — H (RNA1+RNA2+RNA3)
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RT-PCR f A 58 o 5% & e L BEAR BEAT 97 19 /5
10 3 35 AR e P A DU 38 7, DAL BT T AT
HE E bR 2% 10 $5¢ i W R A Dy %A DA 2R ) A H
PR, I LA [F) A 2% R ) Pl R0 22 5%
1.9 HEHF@IVENN A RRZES SRS FEE
J87 FH AR HF 5 g 57 (1) — 5 RT-PCR A lifA & , %t
WCEE 1 200 17 5 % 55 H A FE AT R ME TR AL
B ZE R A 3RS 1) PMTV FH AR S B4 TR
V) TR ) B A PR 2w kAT XS0 i e, I &5
R JH IF NCBI BLAST (https://blast.ncbi.nlmbi.gov/)
5 GenBank £ #E FE H CU5 K M) PMTV 2% 7 41| i3k
T BB 7 HI L X, 36 F A B 5L g L) —
RT-PCR o4 2 (I HERA 1 -
110 BRSO
M NCBI % dis T 2 it 745 3t PMTV AR
I3 BRI LR 7 51, K ) MEGA X F AR5 14042
% (Neighbor-Joining, N "53| #) 7 RNA1.RNA2

K RNA3 1] % 4 #t AL #% , 3F 18 i$ Bootstrap £ 56
(1000 % D PPl %% 73 31T s ) BLAS B, DAt Bk
EFMD B EE NS ERETIEE KR
2 HR550
2.1 S|¥IHIHE

IS BLAST HUXHFIR G BERR R AR , Fe 280
3 R FE S M) RNAT (1) S1-2266/S1-2530(A
WF ¢ % i+ ) « RNA2 [ H360/C819 K RNA3 []
pmt3-S1/pmt3-A769. = RT-PCR {& % 1,3 xF5|4)
=) KN 5N 265 bp.460 bp Al 769 bp, TEAL
MR BRSSP0 51 BORIETE LR 2.
2.2 ZRNAREURERN

& B 5 RNA 28 NanoDrop 6 Il 2 78 5 Ase/
Aso N 1.9~2.1, RITLE AR BAE PTG . 1%
T JIE R Bk I LWk CHLTE. 100V, 20 min) &2 7 175 B )
28S Fl 18S rRNA 2k (& 1D, UE#] RNA 28N R

#&2 PMTV =& RT-PCR #&ill5|4
Table 2 Primers used in the PMTYV triplex RT-PCR assay

B[R4l ElEZEAR S 1527 e/ PNGN M
Genome Primer name Sequence Product size/bp Reference
RNAI S1-2266 GACTCTGCTTCCGCTCAAGTG 265 EN TN
$1-2530 CGCTACCGACCGCTACCA This study
RNA2 H360 CATGAAGGCTGCCGTGAGGAAGT 460 [17]
C819 CTATGCACCAGCCCAGCGTAACC
RNA3 pmt3-S1 GTATTTCAACTCTACCTAGCCGAG 769 [18]
pmt3-A769 TCCCGAGGTAGTTCGCTGACCC

288
18S

1 BODRERZE RNA B K
Fig. 1 Gel electrophoresis of some potato tuber total RNA

Uf & T R85
2.3 EIPMTVHEIPCRAEMIKRFR

PEE WUE N = RT-PCR il 45 B 7~ , PM-
TV FEPERE S 3 55 51 38 Reds e 1t 9 3 H b 21
(B 2-A), B MEXT BTG 16 . = 8 (JkiE 7) AW E
P R (PKIE 4~6) W] [A] I R = 25 R 4% RNA FEX,
H R R (OB 1~3) M L, R H L5 P18 T80
Ko AN, PMTV BHMERE & R AL H PVXLPVM,
PVA.PVS.PVY.PLRV % 6 Ff & W9 58 (] 2-B
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Bl 2-C) iEZk R R R IF. EIRSEIFRE,
BB 1 X 51 P, BEAE DDA I ] PMTV. 4
i 2 XF a4z 3 X5 P06, PMTV BH AL & g
5 RIS A I 31 PMTV (1) 2 4588 3 4 RNA 741, it
—SPIRUE 1 2 A R P v 2 A AR 1
2.4 RT-PCR#&MAZE RGN

B 5545 3 () PMTV BH M R 5 19 cDNA
(100 ng- pL")IELEFRBE 10 £ (10"~10° FBEE ) , R
BRI SE R Aan & 3 fos, RE (K] 3-A~C) 5 =5



583 FMBLE, 2% . T3 T 9 PMTV = 5 RT-PCR KA 2 1 2 57 % 37 Fi IR BEHF ST

3000 bp
2000 bp

A S PMTV BHAERE i 8 0 % = 8 R 45 52, ML 3000 bp Marker, N. FIPEXTHR , #K3E 1~3 4314 RNAT.RNA2RNA3 5] ¥[8 &
RO EE L, K8 4 2 RNATHRNA2 5142 (10 %0 E AR 25 5, 3KiE 5 9 RNAT+RNA3 514010 0 B AG 25 4L, kIE 6 9 RNA2+RNA3 591X E
K25 5, PR 7 = A ISE 5B Jy PMTV FHERE S PVX.PVM.PVA 3 R 2546 I 25 5, M. 2000 bp Marker, VkiE 1 4 PVX.PVM.PVA
R PHME TR VO 2 N BAPEXS TR, JKIE 3 v PMTV BHIERES s C A PMTV FHYERES PVS.PVY.PLRV 3 Fivpi #4045 5, M. 2000 bp Marker, ik
6 15 PVS.PVY.PLRV = HE[IPXS I, Ik 2 JBPEXS I, DRI 3 9 PMTV PR o

Note: A. Singleplex, duplex and triplex RT-PCR detection result of PMTYV positive sample, M. 3000 bp Marker, N. negative control lanes 1-3,
singleplex detection using primers for RNA1, RNA2, and RNA3, respectively; lane 4, duplex detection with RNA1+RNA2 primers; lane 5, duplex
detection with RNA1+RNA3 primers; lane 6, duplex detection with RNA2+RNA3 primers; lane 7, triplex detection; B. PVX, PVM, PVA RT-PCR
detection result of PMTYV positive sample, M. 2000 bp Marker, lane 1 is the triplex positive control of PVX, PVM, and PVA, lane 2 is the negative
control, and lane 3 is the PMTV positive sample; C. PVS.PVY.PLRV RT-PCR detection result of PMTV positive sample, M. 2000 bp Marker, lane 1
is the triplex positive control for PVS, PVY, and PLRYV, lane 2 is the negative control, and lane 3 is the PMTYV positive sample.

2 SH%E PMTV f5E =5 RT-PCR &M1& F BRIk
Fig. 2 Gel electrophoresis of PMTYV triple RT-PCR detection system

A D
M N 10° 107 102 10° 10* 10°
3000 bp
e
D
750 B 3000 bp
300 BB 2000 bp
730 bp 1000 bp
B 500 bp 769 bp
250 bp 460 bp
M N 10° 10" 102 10° 10* 10° 100 bp
3000 bp
2000 bp
1000 bp
750 bp =1
500 bp E
250 bp
100 bp
c 3000 bp
M N 10° 107 10 10° 10+ 10° 2000 bp
3000 bp 1000 b
p
1000 by (G * 769 bp
750 bp 769 bp 250 b 460 bp
500 bp p
250 bp 100 bp 265 bp
100 bp

FE: AL T PMTV EF4L RNAT ()8 B AT 2 8% 54T 5 B 2T PMTV JE[R41 RNA2 () 5 B R 288 047 C. 2+ PMTV JE[R 41
RNA3 f B G R B 705 D. 2T PMTV 520 RNA2+RNA3 BOXUEAT I RBUE T B, 2T PMTV 2[RI RNAT+RNA2+RNA3 (]
ZEKIRESE M. A~E HF & UKIER YN 3000 bp Marker- [ 1451 8 . PMTV BHPEREH 10°~107° FRESE

Note: A. Sensitivity analysis for singleplex detection of PMTV RNA1; B. Sensitivity analysis for singleplex detection of PMTV RNAZ2; C. Sensitiv-
ity analysis for singleplex detection of PMTV RNA3; D. Sensitivity analysis for duplex detection of RNA2+RNA3; E. Sensitivity analysis for triplex de-
tection of RNAT+RNA2+RNA3. Lanes A to E are, in order: 3000 bp marker, negative control, and PMTV positive samples at dilutions of 10° to 107

3 FEHRERERN
Fig. 3 Sensitivity detection at different dilutions
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(K 3-E) RT-PCR ¥ [ Kt BR ¥ 9 107 7 B |2
(0.1 ng - pL™"), RNA2 5[4 (H360/C819) f] cDNA
TE 107 H R FE I 475 mr Az I 21 4k 55 2% 77 (1 3-BD .
RNA2 5] % (H360/C819) 5 RNA3 5| #) (pmt3-S1/
pmt3-A769) 4 N E K & (] 3-D) s R 5 107
FiFEE (0.01 ng-pl") , REEH .
2.5 A RT-PCRIMA RGN SEMH G A
FIH PMTV = AR 20 R hE =/
J7AR BN A S DY RS 200 R A
A XA B B R TR
ST, 45 R 4 P, Ffiig H 24 43 PMTV FH

3000 bp
2000 bp
1000 bp

750 bp

9 10 11

PERE i, oo, EE R R i AT B R A I PCR
T IGBOR A , G  ZE N 100% . HLZERE
tRff) 2 3R (kB 22.23), Al RNAT B RNA3 ¥
IR T B0 B 1 51 W) 2% i 4 38 AR R A
2.6 PHMAEMERPMTV FHRGHL DT

M 24 £y PMTV FHPERE S, 25625 R R IR HE |
FFAAHALRE L 2 RS R &, I &R L 9 Iy A AR
PER PMTV HAAMZ 0 SR HCEER W Y 5
32 PCR F=40i ksl 7 , 73791173 2 RNA1.RNA2
1 RNA3 =B =W+ %) . M GenBank #4& &+ T
B3 I ERATI PMTV 741 (3R 3), K NJ 50

12 13 14 15 16 17 18 19 20 21 22 23 24 N

T 1~5 MR, 6~14 HRVE 1 L 15~24 HZE, M. 3000 bp Marker, N. [P
Note: 1-5 are plant leaves, 6-14 are tissue culture plants, and 15-24 are tubers. M. 3000 bp Marker, N. Negative control.
4 RF PMTV =& RT-PCR AR &N D ZE M E4H &
Fig. 4 Application of PMTYV triplex RT-PCR system for potato field sample detection
®x3I BEAHHPMTV 2ERREARR D EHREIR
Table 3 Sources of published PMTYV isolates and isolates from this study

5 AR SkeyE J¥ 451’5 No.

No. Isolate name Origin RNAI RNA2 RNA3
1 Guangdong " E China KM822695.1 KM822699.1 KM822704.2
2 Canada-Ch20 Jn%=-K Canada KM822698.1 KM822703.1 KM822708.1
3 Canada-Ch10 JinZE K Canada KM822697.1 KM822702.1 KM822707.1
4 Canada-Ch9 JinEE K Canada KM822709.1 KM822701.1 KM822706.1
5 Yunnan *HE China KM822696.1 KM822700.1 KM&822705.1
6 Colombia-COl1 S LLIE Colombia KR857349.1 KR857350.1 KR857351.1
7 Colombia-CO2 FHELEIE Colombia KR857352.1 KR857353.1 KR857354.1
8 Colombia-CO3 FHELLIE Colombia KR857355.1 KR857356.1 KR857357.1
9 Colombia-CO4 FHE LLIE Colombia KR857358.1 KR857359.1 KR857360.1

10 Colombia-CO5 FHE LLIE Colombia KR857361.1 KR857362.1 KR857363.1

11 Sweden-Sw Syt Sweden AJ238607.1 AJ243719.1 AJ277556.1

12 USA-1 % H USA KP420026.1 KP420027.1 KP420028.1

13 USA-2 F[E USA KY275269.1 KY284863.1 KY284862.1

14 PMTV1 1 [E P9 5 7 Inner Mongolia, China

15 17-4 1[5 554N Guizhou, China

16 17-392 i [EJ7 1L Hebei, China

17 17-N-308 [ = Yunnan, China

18 17-N-335 1 [E = Yunnan, China

19 17-N-377 [ = ® Yunnan, China

20 17-N-500 [ = ® Yunnan, China

21 17-N-551 [ 2z ® Yunnan, China

22 17-T-238 [ = ® Yunnan, China
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7 RNA1.RNA2 DL RNA3 [ RS (& 5) 6
i K 5-A~B A %1, 2 T RNA1 Al RNA2 43 5
MR IR 22 40 B W 40 b 254 1 B — B30 354 4k
SRS HRR A AP E B A M ID . Hordr, ok
H#HE L) 3 A~22% 7 5 Pk (Colombia-CO1 . Co-
lombia-CO2.Colombia-CO5)TE 2 N RGi K B W 1y
MSE TN —SZAD , T A FRTEE S 143550 B AR
5 H A B RVR I 255 7y B SL R R R TS T
PR Loy B RS BHE LTS 25 4y R E LG

A 11 Colombia-CO4]
3 USA-2

Colombia-CO3

Canada-Ch20

Canada-Ch10
57 Canada-Ch9

Sweden-Sw
65 USA-1 I

—— @PMTVI1
66 L—Guangdong
®17-4
@®17-N-377
®17-392

97
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