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Simultaneous detection technology of PnVY and TYLCCNV in Panax
notoginseng by PCR
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Abstract: Objective To establish an efficient, rapid and accurate method for the simultaneous detection of panax virus Y (PnVY)
and tomato yellow leaf curl China virus (TYLCCNV) in Panax notoginseng by dual PCR. Methods Diseased P. notoginseng leaves
of single infection of PnVY, or TYLCCNYV, and co-infection of PnVY and TYLCCNYV were selected as test samples. Total RNAs were
extracted using CTAB method. Specific detection primers were designed according to the nucleic acid sequences of the two viruses
registered on GenBank. The occurrence of PnVY and TYLCCNYV in P. notoginseng samples were confirmed by conventional PCR,
then the appropriate primer combination and concentration were screened for the dual detection assay about PnVY and TYLCCNV by
one-step PCR, and the amplification conditions were also optimized. The accuracy and specificity of the PCR assay were tested by
cloning and sequencing the amplified DNA fragments. Results The established one-step dual PCR detection technology could
simultaneously and effectively detect PnVY and TYLCCNV in the diseased P. nofoginseng samples with higher detection sensitivity
and specificity. The detection limits of the dual PCR method were 107 dilution for both PnVY and TYLCCNV. Conclusion The
established one-step dual PCR detection technique can detect PnVY and TYLCCNV viruses simultaneously in the diseased P.
notoginseng samples efficiently, quickly, accurately and specifically.
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=& Panax notoginseng (Burk.) F. H. Chen &5 A\
2% P. ginseng C. A. Mey.. P92 P quinquefolius L[]
J&ETFINEl (Araliaceae) ANZJ& Panax L. ZFEZ
FtEY, R3O 400 ZEREREL, &—F4
S A, KRR LR e W, B
FERCM B &R M e A, AT A
MRS LIVERR. HHRA. WIRAEERS
SEPI BT S T MURR (0T R 24 AR T DR AR
B Rl =GR R B R A S, KPR
KE=EMFEE" X Nz, EFk, HT=
LFREWY R, L2 =-CEERESF R, =
CHIREEEIZE R, XML, K&, &
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=M AR A W R R A PR AR 0, =
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DX ER) 9 B9 AT 258 A G I, 0 A= 77 A ™™ B Bl
1999 FE3C I HL X 1 1) =L 20, SRy 2 4
=Ll EEIE 60%, FEE =L EE
)PS5 T SR EZAE) 8

BT, 42 g =B a5 J TR 5 2T 8 A,
SINGRE Y WEE Potvirus =1 Y Wi
(Panax notoginseng virus Y, PnVY) Bl, 3G &1
95 B8 J& Begomovirus 17 [E 2 7t 245 4 fih 995 2
(tomato yellow leaf curl China virus, TYLCCNV) A
HAEBER B 2AE T (tomato yellow leaf curl China
betasatellite) [, MHEAEHTEEIE Tobamovirus )3
HHAEM# (tomato mosaic virus) 71, 35 JKAE 5
BB Cucumovirus 11135 JK 1€ 1% B ( cucumber
mosaic virus) B, IEFABEZE W5/ Orthotospovirus
M) F A BE Z£ B B ( tomato spotted wilt
orthotospovirus) ¥, 4Ji#5)& Totivirus 1= A TR
# (Panax notoginseng virus A) U0, DL D4 E
M- 288 Polerovirus I MHEF1NK % 5 (Tobacco vein
distorting virus) U, 7EXT =4 32 2 = -LREIX 1)
HERI, PnVY Il TYLCCNV [k %, —
HAEHAR 2 L SR 4t AU a2,

=IREEE S E I T A A
FOR L MIEFHHER . AR 1 AV F R,
WA AR A T ENE . AR RS
ME . %R LN, FFEFEHR KRN R, &%
BIZETT . MBESERA], 1 = AR AR R
i, FREAMERERUK . FLBRHOR 402 H B 25
(RS R, (N 45 T8 BERE DR R Ay HLRE &
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(R S A 51 P, ST 22 s 23 11 [R)IF Asrii
FELRUEAS I 25 SR AERAPE AT T, 1549 1 Rl [a],
WD T FFEM B BFRE, BRI A BSOAS
PRI, H T2 B PCR R IEARLENEY) 2 Fiip 25 1 7]
kil Rz, EARGERENEST T RE RS A A
MEEE X W8 (potato virus X, PVX). HRE Y
JiEF (potatovirus Y, PVY). B E A Wit (potato
virus A, PVA). % EHEMHiE (potato leafroll
virus, PLRV) f]—%5% H RT-PCR fa Il 5K
FRAEISIEE T | H AL 5 (tobacco mosaic virus,
TMV).CMV.PVY Fl PVX4 Fiijj 8 [1)% B RT-PCR
R A s B IO, | 4 2 PRk R 25 7
AP EE (tomato ringspot virus, ToRSV) FIHHE
PRBE7 5 (tobacco ringspot virus, TRSV) [] % & RT-
PCR Fill BEAR, IR EEHAR I 1 50F 2 Bl 2 1) e idk
[F A
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miit. BT, RE=CIHEEMERZ, H DNA i
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=R ER IR IR S E BT 2 R E L PCR 2R,
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HOHIAE | = rd 38 =B DO R ) R A 1S 0L,
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PnVY +TYLCCNV 2 Fifpi 5 B A 1R A R ¥ 3,
ESCILT . BT 40 e i Pk R
i 20%, 7E—LEFHEIX PnVY +TYLCCNV E A2
ek 2 EL 2 IA 50% M NI, AT T PaVY
(RNA J%) Il TYLCCNV (DNA Ji#) HIRBER
iR, SEHL T X PaVY A TYLCCNV 1% 2 P& i
FEAA—FERR BRI R I  ZER B S R
A=AEH N PavY Al TYLCCNV R AR
THEORSCHE, Wl AR [FE A DNA Jpi Al
RNA JREHEIARE RIS %
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1.1 =tREHER

KHEEEWH. il B3R5 H ok g
PnVY. UK TYLCCNV PA K SE A& Y PavY.
TYLCCNV HH [E] 44 =+ P. notoginseng (Burk.)
F. H. Chen Mt ORAET 9080 -80 ‘Ciltfiil
UKAE o
12 5

TN brdk = H IR A (hexadecyl trimethyl
ammonium bromide, CTAB, Z#74{) I H A& TAY)
TR (Rl B AERAR; R Reverse
Transcriptase M-MLV (RNase H ). —2#P7% RT-PCR
A7) & PrimeScript® (One Step RT-PCR Kit Ver.2)+
seFEEAR pMD19-T Vector S8 H EAM T CK
%) AIRAF; DNA 4ifb[matR & | A4 TAY)
TR (Rl B ARAR: KA E Escherichia
coli DH50 B MR ARSI 55 (R A7
2 Fk
2.1 S

4 GenBank 1 PnVY (GQ916624) FlI
TYLCCNV (KJ477327) 3L R4 P31, B fR AT
X 3 — PP B R T 3 PR A 51, RE
881 2 Fofoos 25 (1) | 038 KGR FE AR o DAEBR Y PaVY
B TYLCCNV (1) = S AL B RAR R 5 ik T
WAL PCR E, EHTmAL. FERAill Pnvy Al
TYLCCNV [HEI#% 1 X, &k & 525 ik
PnVYdF4/PnVYcRa2T. YLCCNVF1/TYLCCNVRI
F T XE PCR R H AR R g A 514
YN RERBHL AR G, 5IMFFIILE 1.

#F 1 PnVY # TYLCCNV W E PCR #5455

Table 1 Primers used for PnVY and TYLCCNYV dual PCR

detection

R I E R 3l (5-3) 137 Bu/bp
PnVY  PnVYdF4  CGTACATCAAGTTCGGCTC 1032
PnVYcRa2  TAATTGTCAGCACATCGTA

TYLCCNV TYLCCNVF1 CCTGTATATGCGACTTTGAAAGT 650
TYLCCNVR1 CCCAATTCCAGCTATAAAGAGTA

22 BIEERIEEN

KH CTAB EUTHE UG = LRk Fr %
g, PR S RIRIRAT T 20 CUKAH.
23 —HEWE PCR MR RY SESL

) FH HH (] R AR 3 285 B PCR/RT-PCR AR
o, #fE FIRHERYE T PnVY. TYLCCNV FIFE M,
VERMEEAAR . T PnVY i RNA Jp %%, #47 PCR

TYLCCNV 4 DNA Ji#;, HZRER AT LB #E
AT PCR Y38 . 9 1 ok 45 20 AN 2 R A U] ek 1]
H A PaVY 4 RNA BRI, AXUE PCR £
MFLA R —5k RT-PCR, S ST K BT A+
WEI. G RS — R, —#
5E%. M4 PrimeScript® One Step RT-PCR Kit Ver.2
T G B B — Bk 2 AN R RiAR & 5.0
puL 2 X1 step Buffer, 2.8 uL. RNase Free water, 0.4 uL
PrimeScript® One Step Enzyme Mix, 10 umol/L ]
PnVY. TYLCCNV L. Fi#514)% 0.2 uL, RNA &
PR 1.0 pL, 3£ 10 pL. MM 50 ClEx 30
min; 94 ‘C. 2min, #AJ594 C. 30s, 55 C. 30
s, 72 ‘C. 1 min, 3347 35 MEFF, 72 °C. 10 min,
4 CHAEHURAE
2.4 —$3EWE PCR &MIARBIML

WIPB RS PnVY . TYLCCNV — 2532 X # PCR
AR 2R B AT DASEELXS 2 s 23 10 [RD AN, HAS:
MEERATE, Ak, FE— DXz R AT
e, FEXRNAR R TIVIRIRE (EFD AT T
TR, RE 4 HIWIREREASE (R 2) A
FE LY PnVY. TYLCCNV =-LFEG K314,
PAIRTS S R T IR FE R & o

<2 —#HEWE RI-PCR WIS |1¥IREHE

Table2 Primer concentration combination in one-step dual
RT-PCR

EIE/E SRR/ UL
&4%'5 PnVYdF4/PnVYcRa2 TYLCCNVFEI/TYLCCNVRI
1 0.20 0.20
2 0.25 0.25
3 0.30 0.25
4 0.35 0.25

SR IR EE3I79 10 pmol/L

The original concentration of primers was 10 pmol/L

25 —#HFEWE PCR WNARFR D
HRIERAL () — 32X PCR AR 2, 5 HUER
gy 2% AL PCR 4G iE 1) H 6] & & & PaVY .
TYLCCNV B =GR A TRI . 73 J B 45 0 5
HX 7.5 uL PCR 7*¥ M 1.2%35 igHiEEIE T 0.5 X TBE
ZET A 100 V HLE N HYK 45 min, WEREE R, F
FA TA) AR C i) B A BR 2 11 SanPerp 4%
i\ DNA B EGRAIE, B H bRy 38 ki g7 #1 i
B, SRR B =) 5 pMD 19-T Vector %
BTk, & PCR WIE)S, AN 4 Bk 3 4
BH 1 5 B PRI R B R R A R A = AT
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JIT 3k 7 41 #E NCBI ) BLAST _E#kAT EEXH 2047
2.6 —HAENE PCR #&MARHIREE 7547

A E L PCR SR H | 2542 4 7 PnVY
FTYLCCNV (1) =G Sl i A% AR AR, B
R EWRE N 1.0~1.3 pg/ul, BHTEBEIZER 10
FERRFERRE, FREATECN 1~1X 107465, 7RI
bS5 B — R PCR SR R N TH 3G
SRS IR AR B IR B rE A I &5 5, A
For I R AU
2.7 —%EWE PCR MR R3S HIB =4 i)

E AL PnVY W TYLCCNV — 572 3 PCR
A, X% E H AN 109 A =505 5 FF i 2t
17 PnVY. TYLCCNV £, AREIEHILAH 3 4
FIST 438 2 2% H AR 2671 BIRE i, 6 PCR 4737
Vit ATaidl, 2. wERNFRIE, 32k
E— R PCR A IIFE A R v Aff 12 1 SI FH A2
3 SR59H
3.1 —#£EWE PCR MK RHIEL

F#E GenBank H % 3% ) PnVY. TYLCCNV 2
DA 20 4 e 41 ¥ v I 0 ade R T — 2 3 0L A
PnVY . TYLCCNV [J4F AW 5l 4, 4
PrimeScript® One Step RT-PCR Kit Ver.2 257 & 15 #H
Tt — R Z ERNWIEAR R, FIHZA R
HAERY PnVY. TYLCCNV [ =-LRE 534746
I, AEES o FE il R REY 3G 1 R B 0TI H bR
ol 1 & BbRRiRSs . AERE RIS
LG, BN IR RSN, WHE B E AR e N
PR R BATIA, EEIRE ISR 2R A Rs e A U 51 40 1)
WEHEATHERMAL, S5 WK N
PnVYdF4/PnVYcRa2 (10 umol/L) #% 0.35 pL,
TYLCCNVFI/TYLCCNVRI (10 pmol/L) £ 0.25 uL
B, 2B MR FE KRS U 3 45 R R %k R e
[ By ELAS S By 386 H 5 T /N — 350 2 2% 1k
i, KNI 650 bp (TYLCCNV). 1032 bp
(PnVY, B 1. SAHER—HENE PCR XM
K& N: 5.0 uL2X 1 step Buffer, 2.4 pL RNase Free
water, 0.4 pL PrimeScript® One Step Enzyme Mix,
S W1 EN: PnVYdF4/PnVYcRa2 (10 pmol/L) £
0.35 uL, TYLCCNVFI/TYLCCNVRI (10 pmol/L)
% 0.25uL, RNA Bz 1.0 uL. KM% 50 Cx
3% 30 min; 94 °C. 2min 285 94 ‘C.30s, 55 C.
30s, 72 C. 1 min 3T 35 MEH, 72 'C. 10
min, 4 ‘CHEHRAE.

M 1 2 3

1000 bp PaVY
750 bp TYLCCNV
500 bp

M-Marker 1~3-PnVY. TYLCCNV E &2 4=t
M-Marker 1—3-PnVY and TYLCCNV co-infected P. notoginseng

samples

1 —HEWE PCR MR =LHRETS PnVY
TYLCCNV By 45 R
Fig. 1 PnVY and TYLCCNYV amplification results by one-

step dual PCR assay from diseased P. notoginseng samples

3.2 —#HEWE PCR MRS

PATfE B4R %% PnVY. TYLCCNV F)=-LFf
di s FH B RE 1) = O AR R AR SR, R AL
JE AR 206 FIRFE ST . IR EOR, TR
FA R Y = RS RS 3G H 5 U /N — 80
Hbroky, HA&wHR—; RN =LY 13
HErZar (B 2). W3R 1032bp (PnVY). 650
bp (TYLCCNV) 33874 53 5 HEAT RIR 484K . sk
WP, 2 NCBI FHILLXT, 1032 bp I3 Bt

M 1 2 3 4 5

M-Marker 1~4-8&/&4: PnVY 1 TYLCCNV [ =-tfffh
S-{eRE =LA
M-Marker 1 — 4-co-infection of PnVY and TYLCCNV in P

notoginseng samples  5-healthy P. notoginseng sample

2 —HEWNE PCR AR M
Fig. 2 Specificity analysis of one-step dual PCR assay
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GenBank H &%) PnVY #Z IR TF 51— 80 5 e
1% 97%. 650 bp HIH 1G¥1 5 GenBank H1 & %1
TYLCCNV R F 5 — 8k i, 18 94%, K
BT i — 20 E PCR AR L5 19 =B
HH1S 21 1032, 650 bp 5k & PnVY. TYLCCNV
AHNLH BG4, BT S IR — 510 0B A U A
AP WY E L {5, IEHIZA RS Pavy.
TYLCCNV B A5 R AP MR 1, RE0E X [F] ) sk
L PnVY M TYLCCNV (1) = -EFE 5 I J B il o
3.3 —HFEWE PCR WNMARNREBUE

X2 IR H A 2 A G 7 PnVY . TYLCCNV [
=-LRES R ZIRIEAT 10 SRR RRE, Rk %
HI~1X1074 4%, 365 MKRESE. ¥ Bk 5 A
[ R S5 Ao 2 MR BRAE AR, R ARAL 5 (1 — 253
XU PCR KA 2 [F I AT G [ . S5 R BoR,
IRIRIE R 1. 0.1 50, 2 P a9 34 H bR 2%l
B, 5 THER: MR E N 0.01 58], PavY .,
TYLCCNV 2 Pl ER KSR AR IR, {5 H br 2754
X (B 3D MIXIRIRE N 1 X107 58, KR
AT LUK IS PaVY, {H TYLCCNV (4 16 46 1R 55 ;
BRI EE N 1 X107 50, $TEIEA %] Pavy Al
TYLCCNV. Kk, FrEsrf— Bk W E PCR &l
PR R X = LFE A PnVY A1 TYLCCNV 75 2506
AR AZ R R N 0.01 fi%.
3.4 —HFEWE PCR MK R XTHE =-EHEmE
MLER

XPRE B B DX =G
1) 109 ANEEALE B AL fiEAT PnVY. TYLCCNV
frill . 25 RoR, FIRMRAL S 1 — 2 XE PCR &
M AREREPIE ., mRk. HERHT SE L =B 3R

2000 bp

1000 bp
750 bp
500 bp
250 bp
100 bp

< PnVY
< TYLCCNV

M-Marker 1~5-fKUCNFIRE 1. 0.1, 0.01. 1X1073, 1X107*
=B IZIR R
M-Marker 1—5-1,0.1,0.01, 1 x 1073, 1 x 107* serial dilutions
3 TEHBREH=CHREBRIEIRN—PSENE PCR 3t
PnVY # TYLCCNV H9# 1845 R
Fig. 3 Amplification results for PnVY and TYLCCNV by
one-step dual PCR assay from P. notoginseng nucleic acid

templates with different dilution ration

FES T PnVY . TYLCCNV B TR I %52 « M 2 Fh
WEFIRT A SR T B, M s R = LRE X
& PnVY Al TYLCCNV & A 12 YL L AR SR Lh i
Wik, HAIRYLRLE 28.6%~36.2%, HrprilHiX
2 MBI E SRR RS, N 36.2%, B
%, (HEAZYRMAE 28%0L F (£3). B, M
B, 2 MRS, PaVY G R, AN
X =G PaVY 2GR HAE 60%LL ., Horharin
Hi DX A R e, 3k 79.4%; TYLCCNV 171
KRN 49.3%, Hp ol X ke R im, A
57.4%.

#3 TREMX=t#& L PnVY #1 TYLCCNV RI#MIER
Table 3 PnVY and TYLCCNY detection results from diseased P. notoginseng plants in different areas

KFE FTRENIEE B—PnVY  H— TYLCCNV 2 fiEFEMH  PnVY £ TYLCCNV & 2 FUREHIE
M WBUK K B R K H U R HBURE %% H /% B H R/ %
ik 47 16 10 17 70.2 57.4 36.2

] 28 9 5 8 60.7 46.4 28.6

EART] 34 16 4 11 79.4 44.1 32.4

¥ — — — — 70.1 493 32.4

Jsyitl 109 41 19 36 — — —

4 T K, KRS G2 BRERNRY, BR Tk

=LREEL TR LM, RAEmERZ Mk
et e, Uk, BE A2 ERAR S,
=-CLMFHRER ETHEB0, =B ERKFERK

EIRIIESE, WERIRAE S KER R, M E
SN =B RS R, PR AR 2 SRR
SCily B LI S ) =B R T A
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IR RIS R, RIVE TR = =R X
Wik A, AR RIIAE 5% E, B A AERR
A R R, R O =B R OR TR
T EZR EN . = LR R FERR I 2R
B, FEEMYE. ek, 8. Atk #k. B
WACEE, Atk BEERUH 2Rk, H
A 27E =t LR ToMVI, CMVBIL, TYLCCNV Al
TYLCCNB, PnVYBILL K TVDVIIEE Z Fifi 2,
H, PaVY CRCNRER YA =R I EEEL
s B2, 1 TYLCCNV 1E H (8] = G0 B K i
B, WH2 FFAEEERENR. AT
B8 08 18] = -G il 0 25 1) AR R I B kAT
R DRI R EE AN, D T R A R T
DT PE B AR S HE, A B T B[R] 6 F [R] &
ARG FE YRR PnVY A TYLCCNV T fE bR
L RBUHERR I BRI 2R

H AR IE (A7 85 2 B PCR/RT-PCR Al 4%
A, BRI A% RV K 2 J2 — 2, DNA
#5 RNA JRHRAGRIMEMKNZ E PCR/RT-PCR
R ARIRIE D, BRI ST T[RRI H A
3 B RNA %52 e i B (sorghum
mosaic virus, SIMV). H /M E (sugarcane
mosaic virus, SCMV). H S8 (sugarcane
yellow leafvirus, SCYLV) LA 1 Ff DNA JiE——H
FEFFIRIEE (sugarcane bacilliform virus, SCBV) [F]
% 5 PCR RHEA, & T H AiH R 20 s &
R ARG . 5 f 2 A R 1 S 075 25 1) %2
PCR il R 5% — S8 2 H PCR &
MFEARAALE, EHER DNA HoM0 LT IHT R
BT RNA P55 I 75 R R 2H RNA %55 i) cDNA
A AT HEAT PCR A . ASHH 5T BT K 211 2 P e,
PnVY A RNA J%#, TYLCCNV Jy DNA Ji#, X
72 2 FZ IR PE AN [F (9 8, BRI, D T 3 PnVY
ff) RNA ¥i1E /2 TYLCCNV [ DNA $54%, Hib
AR P IR, i R U T (B R 15 2OR I B A, AH 5T
TERZRAEEU R T e [FH K RNA A1 DNA #RHEH
HoR CTAB %, RIg—IRIZER, SRR 4
Y LA A B 1) RNA 5 5 1 DNA T3 5% A% BR 41
PEEUH R, HAZRRM e BT, AR G 2
PCR il 7, 346, vk BB E A AR A — 2
7% RT-PCR, i 7 RNA J55 2546 I 75 B 5e HEAT
RNA IR ¥R IG A RELL cDNA 1E AR 3E 1T
PCR ¥4, FFididxy e B sk 5 e BAR R I e 4R

ZAA, @SR AT R R = ) PaVY A

TYLCCNV [f—25iL %2 & PCR KA R, KR

e 7 EE BRI AR o i A ST ) e I R A FR X

PnVY I TYLCCNV [R5 I PRI BEAR A% R A Ao 52

LR 0.01, il 7R BB 5 FARAZ B P S5 AR [ A

Vi 55 2 B R I 4 OR M B AR 21220 B R X

PaVY RGN R B E L TYLCCNV & 10 %,

B M ANTE X P2 R B S E R E Pavy

SR S A Ko AHIZEOR SIS0, PnVY

A TYLCCNV [[EEER, SAH =t ERAR

PnVY. TYLCCNV il 4 e #2417 H], 5T

eI PRI A SO BRI BTV TAE . A, 9

BRI RILGEAERER 0 = C R BRI E] PaVY,

HEM PaVY BAMFALRIRAE. B, & AR

TizHTHE =AM FEEHL PaVY . TYLCCNV 1]

R4 b, Er N =R EEAENRR

H PnVY Al TYLCCNV %552, (@il ZH AR A Bl

ThsR =-LE MG W R T AR
PnVY R38R =-BAMNEF BRI B

BRA, GRS G AISE SN2, A AR R AR A

&, AHERR PavY 75 FIRED R A RAT B AT REE .

AT T T R ST A P A M AR AT S PV

TYLCCNV f s, ok A e fEY btk 2 F

B 14 8 5P TAERRMEROR 1. B, &3

AR HAESLHL PnVY. TYLCCNV 2 Fis 5 1[5 25 6

W, 7 D4 = R B R E R

R, Ja NGt — D U 2N R R R R o R

AR Z ERMNEAR, WESIFEP AN PavY.

TYLCCNV FyJfifi b, iF—Pstil5 TYLCCNB.

PnVA. TVDV. CMV. ToMV Z:f)[FEAM, #E—

RS = O R R S A m R

Wi, O =i R R TR A% i B A ROR SC
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