AL 3 2
20224 5H

ok ok R o R

Journal of Huazhong Agricultural University

Vol.41 No.3
May 2022,157~163

s R R RS SRRl IR S E M RT-PCRAGIN [ T]. A8 sl kep2i i, 2022,41(3) 1 157-163.

DOI:10.13300/j.cnki.hnlkxb.2022.03.018

BERENEEENFEEMRT-PCRM

PR, FRE BAE, KW
AR K FHMAFHRFE, KX 430070

FEE AW A TEA T PR R A OO, A i R B R XS = R LA A T A G R Al i
TR S, B 7 9 LU X AR , 3045 T 42117 546 19 22 (plantago asiatica mosaic virus, PIAMV) [ H & B
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A BB A (lily mottle virus, LMoV) | A & JCAEK 7%
(lily symptomless virus, LSV) A1 # JR A€ 95 7 (cu-
cumber mosaic virus, CMV) , % £ N 2 SR Y7,
KECHERI A SR EEA 1L R A ERT R
I35 2 (plantago asiatica mosaic virus, PIAMV )/ 5
K 8 BE 55 9% 7 (lychnis mottle virus, LyeMoV) . H &
# ik 7 (lily yellow vein virus, LYVV) . H & N4
5 1% (lily endomavirus, LEV)™! & % M5 25 (lily
polerovirus virus, LPV)"' i & Ak EE (lily yel-
low mosaic virus, LYMV)!" | 2% J& 35 3E 35 BE 05 75
(prunus necrotic ringspot virus, PNRSV)" CMVH2
LMoV LSV 8 5% 32 £ 155 2 (arabis mosaic vi-
rus, AtMV) ") #E X #85 # H , CMV LSV LMoV
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A RNA 0 i JE A5 B2 5 i fi RT-
PCRAEH A, KR YL B & R EE , 43 A [ 2 1Y
KA WX E S RIEN S, BN E AL
o5 T PP ER R I 0 2E 72 LSO TR O 25 B 4 R A3t
2%,
1 #MRIERE
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Table 1 Information of lily samples

v
RAEHIX Fins

. . Number of
Collection location

% g (ﬁéﬁéﬂﬂ‘lﬂ
> i
Sample No. ofection

samples time

I R

Kunming, Yunnan 9 YNI1-9 2020-09-05

Province
WA 7T

Haining, Zhejiang 7 ZJ-HN1-7 2020-10-24

Province
WL U T

Hangzhou , Zhejiang 6 7ZJ-HZ1-6 2020-10-25

Province
g R LA Y

Shanghai Chenshan 1 SH-1 2021-04-17

Botanical Garden
[N WrE = %5
Wanzai County, Ji- 3 IX-WZ1-3 2021-04-23
angxi Province
R4 T
Xiangtan, Hunan 5 HN-XT1-5
Province
WR A KA

Changsha Botanical

2021-05-25

2 HN-CS1-2 2021-05-25

Garden, Hunan
Province
JTARA ML

Foshan, Guangdong 15 GD1-15 2021-12-02

Province

1.2 FEZXF

) S RNA $E ORI £ 5 — i cDNA G i
& .2 X Accurate Tag Master Mix (dye plus) . GL
DNA Marker 100 Ladder [DNA & 15751 £ 16 F 18
A SR AR ) TR BRA W) sz 285 K A 7 DHS«
W F AR AE R A PR R TA PR o B i)
& [ b W E PR A Y R R A R A A
1.3 ERNARJREX

AR RNA 32 32 B & T
UEBA BT, BRE A B RNA 28 B iR W8 1 e vk s
FEE HIZR A G EE TG I RNA ¥R FE S 4l

Sk 3 2 B S — 4 cDNA & a1 & Ul B 45
YE. W57 RT-PCRFFSMERIN G 4 (3R 2) i 1A=
TAY) TREARA A .

1.4 BBEENFSHESH

A AR = F A LA 2 DX, AN [FREIR
HEATIR G, 3% DU B PR 23 w) 2R A T el d Y -

1) SCERY . AW 8 RNA KN A4 J o 25
¥ B A RNA % 7] £ (Ribo-off® rRNA depletion kit,
Vazyme Biotech Co., Ltd) 2: B rRNA. Fifi J5 Il A 2%
MRCH mRNA AT W A B, L mRNA B4, H]
FNORFEREHLG | Y0 A W —5E cDNA, SR 5 N A28 W
dNTPs Fl DNA polymerase I il RNase H £ i — #%
cDNA, #H] AMPure XP beads £lift. {5 cDNA, 4l
1 B BUEE cDNA e AT R e 5 in A Je JF i 42 U
Frdzsk , # ] AMPure XP beads #17 i Be R/t 4%
e Ji #5147 PCR 4744 , I HI AMPure XP beads 4fi ft
PCR ) 415 B B 2 SO

2) SCHEE I o SCEM 58 LS L S i Qubit
2.0 AT W)L E =, R SCPE 2 2 ng/pL, B 5 A ]
Agilent 2100 X 3L 4 A K /NEEA AN, 48 A K/
FFE U, 48 Q-PCR Jr 2 % SCPE A 250k B 2k
A7 HERR A€ B (SCPEA R0 BE > 2 nmol/L) , DA IESC
R .

3) EAUINF o SCHE BT 2RI A 4% 5 L Tllumi-
na Novaseq F- 55 4 7illlJ

)RR B 5 3t o K v 38 A AR B reads
AT b, BRI A Sk 1 reads, R
B X B i 22 T A BEAR 2] Y Clean reads, & H ID-
BA_UD "% clean reads #f 47 $f 4% (K=19.29. 39
49.59.69.79.89.99.109.119) , 13 % contig, # i 5
Nr (NCBI non-redundant protein sequences) J& i#f 11
Blast L% (e fE<<10"°) . I TRZFIIATRSHZ
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Table 2 Information of primers used for virus RT-PCR detection

s SIPFA(5-3") B JGRE/C P11 /bp
Viruses Primer sequences (5'-3") Temperature Product
F:TGTACCAGTGCCCGTGTTTT
CMV 52 436
R:CCTACTCTCTTGTGACCGCT
F:ACGCAGTCATGCTTTAC
PIAMV 52 296
R:GCCCAGGAAGATTTTAGG
F:GTTCCAGGCAAATGAGACACT
LMoV 52 623
R:GTGCTAGATTGAAGTCGGTGAG
F:GTTTCCCTTGGCTGCTCCTAA
FMV 58 817
R:CCGGGATTTTTCGAGCTTCCT
F:TGAGATGGCAGATGTGATT
DMV 52 681
R:GTGGAGGTAGAAGTTGTAGGT
F:TTTATTAGGAGGCAGGGTG
DCMV 52 335
R:GTGTATGGCTGGATTGGTT
) F:TAGCAACACAAGAAGACGAA
CsVMV 48 327
R:GTATCTGCAAATGTGTTCTC
F:GAAATCAAGAGTCGGAAAG
RYVV 47 543

R:TGGTGCTGGAATACTAAAA

A HEXF SR 15 8N Z AR R 3 2900, T ORIE
AR S R ICLCA BB K B — 1> 43 ST
I3 RYON AT I YR RS R X TR R
Y Nr 4 2 19 contig 5 NCBI Taxonomic 4 JE i#F
TR AR MO et A, fie Jm 3R OE B BIR 3 1Y
contig , ¥ contig 7£ NCBI H i#£ 17 Blastn £ BlastX ##
F X, B Lo 2099 B B 51 B #E A S
LB
1.5 RT-PCRIGIEXK ##ES 1T

HR A 7 B 2] A9 7 contig, F]FH Primer Premier 5
BAF TR S S | R IR TR e . BRECA &
FEan IS DNA FLE RNA . H2HU RNA 78 5% Sk il
VERIF FIHBERLS |9 & U — 45 cDNABE . JHDNA
RABEAFEFES 4T PCR R o 50 pll 2R {4
AL 7 2 X Accurate Taq Master Mix (dye plus) 25
pl, ddH,O 20 pL,cDNA 2 pLL,5I# F 1.5 uL., 5149
R 1.5 pL; PCR Y™ #4887 4 94 “CHiAE M 30 5,98 “CA%
PE10 s, 3Bk 30's,72 ‘CHEAH 60 s, 35 M F#R; 72 “Chie
JEAEAR 2 min, PCR ™ 438 i B AEHHEE I HL UK 70 25
E 5 [ F bR B, 22 DNA g Abistn & alifb 5 % A
One step ZTOPO-Blunt/TA #k & , # A K W ¥
DH5a, FHM: sapea% 1A TAE W) TR A BR 2 J1 Y
%€ . RT-PCREGING G it Hriz 4 & AR s Fh
X IRTER YR A DR IS LR R SR

2 H#R5HMH
21 BERSKREZER

20204F 9 H 2 2021 4 12 A , )\ 6 4 X Mg 48
FIBELUNG B AE R0 F 5 I R i 48 1y, R AL PR
FERI A B S P AL ST
RAE D),

Bl B&RSHEEERER
Fig.1 Symptom types of lily virus disease in the field
22 BBEENFRSH
BB R T = T VL 48 R B AR R i E
AR RNATRG , JEATH s o b e 54 F
7438, 23545 109 041 624 X clean reads. H =
7 FE 5 (BH-YN) 15 3 55 080 214 X clean reads, /i
reads SELAY 98.40% , B J5 153 142 767 2% contigs,
BB B A B A 1 719 2% contigs, 302 912 /™,
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Fe o W VKR & (BH-ZJ) 75 2] 53 961 410 X clean

reads, i reads EEAY 98.35 %, BHE 155 165 202 £

contigs, FER RN EEAR S A A 1 278 % contigs, 224 321
AN

Lb XF 21 95 7 7 51 /4 contigs FL 4% : 8 SR IERE N

*x3

CMV, 456 % 1 B & PIAMV, 1 534 &0 BN
LMoV, 11 & FH DMV, 39 &1ER N RYVV,6 5
EBRNFMV, 2 ZERE N DCMV, 1 KX EB N Cs
VMV, 2 % contig A Fb XF 2] E %005 7% , 7T B2 Bk
==

F(F£3),

BEMNFERPLLIBHSFHEMNRS

Table 3 Parameters of contigs of eight known viruses from lily sequencing results

AR contig ¥ contigs £ FE i /bp el R/ %
Virus name contig number Range of length of contigs Reference sequence Coverage rate
CMV 8 114~1 920 AJ276583.1 100
PIAMV 456 100~1 431 KU159091.1 100
LMoV 1534 100~1 311 GU440578.1 13
DMV 11 330~4 568 HQ336478.1 56
RYVV 39 321~3 644 YP_007761643.1 34
FMV 6 316~2924 AAA43816.1 62
DCMV 2 342~593 BAS06273.1 24
CsVMV 1 603 NP _056848.1 36

2.3 RT-PCRI&IF

RN P 53 BT 35 A5 1 8 Ffo B 197371, LA R 183t
A G BE R A RS RS9, R RT-PCR X
JPEER TP O AR BT IR . SRR EE S
FeEf P33 T 5 CMV . PIAMV LMoV .DMV |
FMV . RYVV 6 2 AR AT (19 25k, i AR 31 21
DCMV Fl CsVMV I (4545 (8 2) o Xk — 20 5
TE A B AR S Y 6 B B B SR EA T
R AN P 23T, 45 R S P 1R L 25 T RN

A
A A S L&A a
sSSSss

5
ks

- W

500 bp

M: DNA Marker 100 Ladder; — : B 14 XJ I8 Negative control;

W 7K Water.
B2 BHAE6MFEFZRT-PCRYEER
Fig.2 Results of RT-PCR amplification
of 6 viruses from lily

X RBEN A8 I FE A FE AT 1 F A 6 R EERY RT-

PCR 6 , 45 5 .71 - 6 T 2 A4S 56N 14.58 6~

100% A%, Hph , DMV FIRY V'V 1K 3R 05, 2

H100%, H ¥k & PIAMV fil LMoV, ¥ H  # h

95.83%, SR 5 & FMV , £t %6y 85.42% , #a; th 8 i

R CMV, J14.58%
24 BEERSHNSHRESERLEEBER

XF 6 A Hb X B A A AT AR R B
A HIL DX 6 PO AR AT, T AT 3, LA b X AEAE
A~5 PR BE , AN 7] L DX AR G G 19 3 2 22 AN
Ko Hi,CMV HAE =B XA, LMoV . DMV
FIRYVV 7E 6 ™ b X EBAETE , RT3 Fs 1 43 A 1
Filde) (£ 4), EAEREH .

R4 RENMMRRHHEARS

Table 4 Lily viruses detected in 6 regions of China

R K B RE

Collection location Positive viruses
wHE R CMV,PIAMV,LMoV,
Kunming, Yunnan Province DMV,RYVV,FMV
WiV T PIAMV,LMoV,DMV,
Haining, Zhejiang Province RYVV,FMV
WL BT PIAMV,LMoV,DMV,
Hangzhou, Zhejiang Province RYVV,FMV

- = 9

!‘/&Fﬁ}gwﬁwﬁ o LMoV,DMV,RYVV
Shanghai Chen Shan Botanical Garden
JANLE2 R 250 PIAMV,LMoV,DMV,

Wanzai County, Jiangxi Province RYVV

T A IR T
Xiangtan, Hunan Province
T A U AR ) bl

Changsha Botanical Garden, Hunan

PIAMV,LMoV,DMV,
RYVV,FMV

PIAMV,LMoV,DMV,

. RYVV,FMV
Province

I ARA LT

Foshan, Guangdong Province

PIAMV,LMoV,DMV,
RYVV,FMV
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Xt 6 PR EE IR SR RS T ST S R R
7 A ERAEE S AT RN Y 3~6 Rl g, HHAUA 1
ASFE ARSI 3 3 Ao R A R G, LMoV . DMV |
RYVV 3FR & AR Y B HRMK, 4 2.08%; LMoV .
PIAMV .DMV .RYVV #IFMV 5 55 & S e %

B, N 62.50%0 56 R R AR UEMIRERL A 74, &
FAR YA N 14.58 6, FWIIH ] [ 98 i 177 2 8 1)
HERIMG . WIHEREWNRTE , = R A T
BRHEE B RRAR A AL 6 M AR Y
B PRI AR 5.

RS BHAEGHRTOMBESESELENR

Table 5 Mixed infection of 6 viruses in 48 lily samples

TR S R YL S e ZERIER/%
. S AR
Types of virus S Number of ~ Mixed infection
o . Distribution
mixed infection samples rate
LMoV+DMV+RYVV [ Shanghai 1 2.08

LMoV+PIAMV-+ WA T JLVEE T4E 44 1L Haining, Zhejiang Province; Wanzai Coun- 6 12.50
DMV+RYVV ty,Jiangxi Province; Foshan, Guangdong Province v

LMoV+DMV—+ . ] .

/\/ T il I S N 5 .

RYVV--FMV J AW Foshan, Guangdong Province 2 4.17

PIAMV+DMV
RYVVJ;FMVJF J~ZR 11T Foshan, Guangdong Province 2 4.17

LMoV+PIAMV+ A F48 BT W74 7 AT 7 T 20 N e A b iy ™ AR 48 Ll Kun-

DMV+RYVV-+ ming, Yunnan Province; Haining and Hangzhou, Zhejiang Province; Xiangtan and Chang- 30 62.50

FMV sha, Hunan Province; Foshan, Guangdong Province

CMV-+LMoV -+

PIAMV-+DMV + M4 BT Kunming, Yunnan Province 7 14.58
RYVV+FMV

3 it # CMV Al LMoV ; B 4 SR ] RT-PCR A AR AL

A3 2 X B BL FT 4508 R R i R A T A S e
MF 5355 LMoV .CMV .PIAMV .DMV .FMV |
RYVV .DCMV CsVMV 8 F £ 515G 25 F1 2 oK HIiG
FFIMEE . FH RT-PCR LE A RE S oS 5]
B DCMV Fil CsVMV LIS 6 FiRE . 7 £ IR 7
DMV FIRY V'V 78 A ah A A # i A i3
AR IE CMV, HAUAE = B BB 0 AR bk i
LMoV .DMV FIRY V'V 434 il e, 75 6 /4~ Hhu X AF
A3 A

AT 4G I 258 SR 5 i N ) i 38 BE A AR TR =2 A
YA AR, CMV. LMoV FILSV#A N EHT S
1) =R B, IR Z W98 BRI ELISA %5 8% RT-
PCR AKX 3Fp . FEESSHRYE =M
EHA AR EHITRN, &3 CMV, LSV #i
LMoV #4351 4 60% .50 % F130% , H CMV
MLSV B E ARG RN 20% , A5 1E = kE &L P
Fzil H CMV Fil LMoV, KR4I H LSV, VLV T # B
B E AR ORI PIAMV . LMoV . DMV il
RYVV 4 R 5 , KK H CMV H1 LSV ; i I &5
SE2R 2 8 RT-PCR A ARIHT 4 46 B 10 B A
MR T I AR 3R R, S5 R Bon A

PO E A e A H A BEZE X CMV LMoV M LSV
(ARSI 235 R 3R T, 3 i 2 P AU LMoV & FHE s A
AF ¢ e L 7 ol AT T E A A R e T
PIAMV LMoV .DMV .RYVV I FMV 5 flfiE & , K
R CMV 5 T Tk 5% 5 25 20 R 1 1] 42 ELISA 3 X
WL CATC T DAART 24 5 1 32E 19 ET A LM A M 1 e
G BEAT AN, 25 SRR W], LMoV il LSV ¥/ k&
M, B LSV AZYFES N 5 LMoV & A2 5 . X3¢
PEUTEE T A AN TR E WL KR B AR S
WE] PNRSV 1 &4 A2 43 20.8 %0, iX & PNRSV
RYE AR UARGE I A2 PNRSV ) —4~ 5t
A E L LR LTER, RIVAE A R b IXCE G R
SERALA 22 5, AT RE SR B TR AR DY BERE S A R
v 50 B G ) P SO A7 S5 AN [) 3 Y, L PT E
SR 7 v Y R BB R RS RS R Y

P AR fF 55 G T 25 SR A8 1T UF S, H A B AE
[ A7 AR I A A YA, SRR b B [R] s A
H 3~6 FEEE , H LA LMoV . PIAMV . DMV .RYVV
FEMV 5 5 525 1 G 50w mr , 48 A i i A 30
A LRSI EE SRR, EEGREEEE

62.50% . #EE RN BFEWR W =mERHET, BT Hm
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941 %

FEREIAEE , DU ZR AN, — 4 DU 2% ] AS (0] B A i 4%
Flvgh S FAE T, R A R TR EE AR e S AR 4G . R,
ZRMX A E SRR GRS RE ), B
A 5~6 Fl R AR Gy Hh 6 M R R S R YR
N14.58% ., ZFNEEE AR E G, LA LR
LI IEASRIUAE IR ARME IR B AT IE B2
W AR YL TR A B EE AR 7 i E KRR A
T LB BE 17 AR ARG 0 O 22 A A X6 2 0905 5 , R AR R
B W T A . B AT AR S RS T AT IR
B2 A S0 5% , BT BE Y 4 3 8 A4 2 A A
PE—A . L, 7E 2 E SR N T2 R AR AR
Y A 9 B AR R L R X e B 1 4
FVRG I X6 B A 85 2R 7= Ko s B A K

B

Bgt: BT o o R LA SRR 3R K AL B TR
AR T EHEEHIE T 5% At
TR R P RAR S B
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Identification and detection of lily virus by high-throughput
sequencing and RT-PCR

YUAN Zhihao, LI Zhenfeng, .U Yuexia, CAI Li

College of Plant Science and Technology , Huazhong Agricultural University, Wuhan 430070, China

Abstract In order to clarify the virus infection of lily in production, virus-infected lily samples collected
from Yunnan and Zhejiang Provinces were analyzed by using high-throughput sequencing technique. Eight
known viruses , including lily mottle virus (LMoV ) , cucumber mosaic virus (CMV ) , plantago asiatica mo-
saic virus (PIAMV ) , dahlia mosaic virus (DMV ) , figwort mosaic virus (FMV ) , rose yellow vein mosaic
virus (RYVV) , dahlia common mosaic virus (DCMV ) , and cassava vein mosaic virus (CsVMV) , and
two new viruses were identified through sequence alignment and assembly. Then 48 lily samples collected
from Yunnan, Zhejiang, Jiangxi, Shanghai, Guangdong and Hunan Provinces were detected using reverse
transcription polymerase chain reaction (RT-PCR).The results showed that DMV, RYVV, PIAMV and
LMoV were predominant and the positive detection rates of them were above 95%. The positive rate of
FMV was higher than 85% , while that of CMV was the lowest, which was only positive in the samples
from Kunming, Yunnan Province. DCMV and CsVMV were not detected in these samples.The mixed infec-
tion rate of lily virus was 100% , and 3-6 viruses were positive in a single sample, with a total of 6 mix
types. The mixed infection of lily virus in Kunming, Yunnan Province was the most complicated. A single
sample from Kunming was infected with 5-6 viruses. These results indicated that the detection rate and the
mixed infection rate of lily viruses were both high in the detected areas. Therefore, it is necessary to monitor
and detect the viruses that infected lily plants as early as possible to prevent the transmission of viruses and
avoid economic losses.

Keywords lily; virus; high-throughput sequencing ; RT-PCR detection ; mixed infection
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