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Detection and analysis of potato viruses in Zhejiang province
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Abstract Potato virus disease, with symptoms of mosaic, yellowing and curling, is one of the main factors affect-
ing potato yield and quality. During April-May 2019, we collected samples with typical symptoms in the main po-
tato-producing areas in seven cities including Huzhou, Hangzhou. Shaoxing, Ningbo, Jinhua, Taizhou and Lishui.
A comprehensive and accurate detection was conducted by applying the transcriptome sequencing and the RT-PCR
verification. A total of 6 potato viruses were screened out, including Potato virus X (PVX), Potato virus Y
(PVY), Potato virus S (PVS), Potato virus H (PVH), Potato virus M (PVM), and Potato aucuba mosaic virus
(PAMV). The results showed that multiple viruses, two or more viruses, occurred in all seven cities. PVH, as a
newly identified member of the genus Carlavirus, occurred in all regions except Ningbo. In addition, PAMYV,
first reported in 2018 in China, was detected in Hangzhou, Huzhou and Shaoxing cities. Phylogenetic analysis was
performed based on coat protein (CP) sequences of PVS, PVH, PVM and PAMV. This study laid an important
foundation for the prevention and control of potato viruses in Zhejiang province.
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1.2.1 RT-PCR #

W 5 S AL I e 45 38 3 NCBI fit DNAMAN
PR O, SR B RS CP P8, BT
St 4T RT-PCR A, X 4% 3 17 2R 46 1) 9 A F
1T TRIzol (Ambion) JE$EHUEY) & RNA, LI EE 5

SO R BRI RNA RS cDNA,
S S T AR &8 TaKaRa 23 @) 77 i » HLAR S B
Z: M8 TaKaRa (PrimeScript™RT reagent Kit with
gDNA Erase) Ut -F#AE . DU A B cDNA
AR AL KOD 4T RT-PCR § #4461 (KOD
Bt TOYOBO 2% ) 7 ) 0 B A5 8 e 94°C
4 min;94C 30 5,56 C 30 s,72C 1 min,35 MG ;
72°C 10 min, PCR P=#48 1% BYEE IR SRR H Tk kG
W, B S I W 1,
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Table 1 Primers for amplification of virus CP genes

o 5
Length
PVX-CP-F ATGTCAGCACCAGCTAGCAC 714
PVX-CP-R TGGTGGTGGTAGAGTGACAAC
PVY-CP-F GGAAATGACACAATCGATGC 901
PVY-CP-R TCAAACTGATTATTAATTATG
PVH-CP-F ATGGCAGACGATAAGAAGGG 866
PVH-CP-R TTATTCGCATTGTTGTGGTT
PVS-CP-F ATGCCGCCCAAACCGGATCC 885
PVS-CP-R TCATTGGTTGATCGCATTAC
PVM-CP-F ATGGGTGATTCAACGAAGAA 915
PVM-CP-R TCATTTTCTATTCGACTTTCC
PAMV-CP-F ATGGTTGATTCCAAGAAAACT 750
PAMV-CP-R TTAGGATGGTGGTGCCATG
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KH MEGA 7. 0 82T R G5 7 50 b » L
MEGA #4 i £ A% ] 2R I 4B 4% 7% (neighbor-join-
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Fig. 1 Typical symptoms of potato viral

diseases in Zhejiang province
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FRATEARTR 7 A HuTiT A TR T = 4% S R AR
ARECUG S G AT S0 T 43 2 A 2] 6 Fh
AMEEE 4y B PVX.PVY . PVS.PVH.PVM L)
J PAMV, MR4R5E SR A0 CP A5 Wik
7 PCR 950k, #9 8¢ CP 51 Wy#f Re4" 4% AR I 1) 4%
W 2) . M SR A R 25 R, 4564 RT-PCR &
UE 3% 7 b T E 8 SRR DX rb & AR A s i Rl S
BN 2,

M PVX PVY PVH PVS PVM PAMV

PVX: 714 bp; PVY: 901 bp; PVH: 866 bp; PVS: 885 bp;
PVM: 915 bp; PAMV: 750 bp

B2 6#sE CP I PCR ¥ IGF= ¥Rk 4 R
Fig. 2  Electrophoresis results of CP PCR products of six viruses
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Table 2 Pathogen detection of potato virus diseases
in various cities of Zhejiang province
K£EM Location PVX  PVY PVS PVH PVM PAMV
M Hangzhou — a4 = = = 4
T Ningbo = A +

24 Shaoxing = = 4+ - = =
M Huzhou = — — aF — i
4x4E Jinhua 4F = = = = =
mizK Lishui = — — + + —
£ Taizhou A A =+ aF — —

D) A" FRTEZH DA A RE 5 — 7 F AR LE 12 Hh X R A

B P o
“+”indicates that the virus is detected in the area; “—" indi-

cates that the virus is not detected in the area.

R 27 i 4 (R DN P 485 SR 3R WY o DA A 1) 91 L O
Uk, PVH [ &9 X dlde ) 12, 76 6 b i B8 55
Fi X 3494 # 3], PVX, PVM X Z, PVY,PVS HI
PAMV i J2 T 3 A~ Hu T (9 Sh 85 R X, A H A
I BE A R N— 2 . AT R RAE A R 7 A4
T HIAEAE 2 Fh K 2 Fh DL BN RE A A . BT
i B e A R 2 . PVY . PVH,PVS,PVM
LI PAMV 75 Ak 6 s 20 0F 45 T Th 48 2000 2
o H B4 78 35 2R (average coverage) th 4B 2 %,
FOBE A R/ St 5 2 i o5 1) R O . B
HLAnF

BT : PVH (43 097. 66) >PVM (26 923. 07)
>PAMV (18 647. 06) >PVS (13 174. 00) >PVY
(7 479.70) ;

WM. PVX (50 901. 16) >PAMYV (25 530. 05)
>PVH (19 594. 18);

T PVS (98 947. 27)>PVH (95 235. 81)
>PAMV (11 419. 91);

4:4£77 . PVH (51 206. 73)>PVX (29 476. 77)
>PVM (2 600. 53);

Ak : PVX (72 254. 31)>PVH (22 333.15)
>PVM (17 350. 34);

AT PVX (99 990. 21)>PVH (54 204. 02)
>PVS (15 917. 28)>PVY (10 643. 35) ;

T :PVM (108 876. 46)>PVY (70 445.00) ,
2.3 PAMV.PVH.PVS.PVM [ CP K3 R% LT

S

PVX F1 PVY & Sh45 8 b a5 o i UL B s 35, X
AT E 4 LB A . X FE R T SN O A e
AU T S AR A 4 Fhops R (PAMV,PVH, PVS,
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Fig. 3 Phylogenetic tree based on the CP amino acid sequences of Potato aucuba mosaic virus
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Fig. 4 Phylogenetic tree based on the CP amino acid sequences of Potato virus H
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Fig. 5 Phylogenetic tree based on the CP amino acid sequences of Potato virus S
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Fig. 6 Phylogenetic tree based on the CP amino acid sequences of Potato virus M
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