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Abstract: [Objective) Chinese cabbage virus diseases commonly occurred in China, causing serious
yield losses. In order to quickly detection of these viruses and making foundation to disease control and
breeding for disease resistance to guide the disease-resistant breeding. [Method) A multiplex reverse tran-
scription polymerase chain reaction (mRT-PCR) system was established for simultaneous detection of
Turnip mosaic virus (TuMV), Tobacco mosaic virus (TMV) and Cucumber mosaic virus (CMV) in Chi-
nese cabbage. Three sets of specific primers were designed according to the coat protein (CP) genes of the
three viruses, respectively. The concentrations of the primers, Mg?" , Tag DNA polymerase and dNTPs

were tested and the PCR conditions including annealing temperatures and amplification cycles were opti-
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mized. [Result] Expected fragments of 228 bp (TuMV),305 bp (TMV) and 460 bp (CMV) were amplified
by this mRT-PCR system which dNTPs concentration was 0. 24 mmol/L, Mg”*" concentration was 2. 8

mmol/L,Tag DNA polymerase concentration 0. 12 U/uL, annealing temperature was 52 ‘C, extension of
time was 30 s and 30 cycles. With similar detection sensitivity to each single RT-PCR (sRT-PCR). [Con-
clusion] The mRT-PCR detection system for TuMV,TMV and CMV was successfully established. This sys-

tem can accurately and quickly determine the infection of the three viruses from Chinese cabbage samples.

Key words: Chinese cabbage; Turni p mosaic virus ; Tobacco mosaic virus ; Cucumber mosaic virus ;detec-

tion of multiplex RT-PCR
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/N ) 3 Biozol Extraction Reagent 7], H BioFlux
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A& I B AL O I L A R A IR A .
1.2 XKBXEMAHEZ RNA R

PRI 0.1 g R F 3 o 0 280 78 70 AT o a3
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RNA #9#2 Bt 4% B8 Biozol Extraction Reagent $i B 4
HEAT FF R RNA T —80 CukAALRAF 5 1
L3 S|¥migit 5tk

W GenBank & F 1) TuMV.,.TMV Hl CMV
Wi s CP ALK P51, #) J§ MEGA 6 #E 47 Hoxf 4% i 2%
B 5 KA X5 5F X3, W ] Primer Premier 5. 0 #k
PEBITIX 3 B 2 19 4F S R AR I 51 ) mTMV-F/
mTMV-R, mTuMV-F/mTuMV-R, mCMV-F/mC-
MV-R. 1 FZ£HHE RT-PCR ZR 7 [R]—iR KR E T
P3G 22 A A R B TR O O R IR BEAR AR
—EEIY . A E ST MF S LR 1, A
S ¥ A at RS AR IR RO BR 2 Rl R
1.4 EE RT-PCR

M M-MLV S s 5 45 i 7 cDNA 55 — gk
R A& 25 uL:f RNA 5 uL, DEPC H,O 4 ulL,
Random Primer (10 pmol/L) 1 uL. 70 C 28 # 5
min, 7K'E 5 min; KA DEPC H,O 3.5 pL,5X
RT buffer 5 pL, dNTPs (£ 10 mmol/L)5 pL,
RNase Inhibitor (40 U/l 0.5 pLL #1 M-MLV
SR (200 U/pl) 1 pL BB 05,37 CEIRIG
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1 h,95 CK%G 10 min,— 20 CFHH.

PCR & i {h % 25 uL: ddH,O 14. 3 L. 10 X
PCR buffer 2. 5 pL, MgCl, (25 mmol/L) 2 uL,
dNTPs(2. 5 mmol/L each) 2 uL,Tag DNA 4 [iff
(5 U/pl)0. 2 pL BB cDNA 2 pL. iF i 1 [ 3

x1
Table 1

PR AW (10 pmol/L each) 2 pL, PCR R
94 “C WiAEPE 3 min; 94 ‘CARYE 30 5,52 CiB & 30 s,
72 "CIEAH 30 s EI 30 Wi a 72 C & R AMEE
filt 5 min, B 5 pL PCR =¥ H 2 %6 35 B WHE I i2E 4 7
HLUK 5T

L E RT-PCR NN HEHFRESIWF

Virus-specific primers for multiplex PCR

ST B SR 5 SWRE b BRAWE/C  PBAAbe | AIBRADA
Primer name Sequence(5'—3") Length Tm Product size Primer binding site
mCMV-F AACCACCCAACCTTTGTAG 19 55 160 565~583
mCMV-R GCTCGACGTCAACATGAA 18 56. 6 1007~1 024
mTMV-F TGGAAACCTTCACCACAAG 19 57 305 157~175
mTMV-R GTCCAGACCAAACCAGAAG 19 55.5 443~461
mTuMV-F GTAACCAAGACCGACCATAC 20 54.5 298 9 342~9 361
mTuMV-R TATGCCTCTCCGTGTTCT 18 54 9 552~9 569

TE Bl 45 A 07 24 B L GenBank % 5% 5 M22710,LN651240 fil AF169561 N5 %,
Note: Primer binding site subject to GenBank M22710,1.LN651240 and AF169561,respectively.

1.5 %E RT-PCR
Z#H RT-PCR WK R K ff TMV,CMV,
TuMV 3 fmE ) RNA(TMV . CMV il TuMV 4y
HYPk AP A EED FRBIEAF B9 pL A
RT & H WA Random Primer 1 L, HiAh
%5 & RT-PCR Ml [H. PCR i & H, Tagq
DNA E 43 0. 02,0.04,0.06,0.08,0.10 0. 12
U/yL 6 ML ; ANTPs ¥k % 0. 12,0. 16,0. 20,
0.24,0.28 1 0.32 mmol/L 6 ~AbH; Mg®" ¥ & X
1.2,1.6,2.0,2.4,2.8 1 3.2 mmol/L 6 b3 ; B
R EE 53 5 e 48,50,52,54,56 Fl 58 °C 5 S fifi ik}
[B) 43335 20,30,40,50,60 F1 70 s; ff I Fh ik £
20,25,30,35,40 F1 45 NMERK . R J5 50 0#E bk 5
F k172 E RT-PCR i1k
1.6 PCR =4 fE

FIH DNA glifb s 57 & 0F £ 8 RT-PCR 7=
Ytk A7 B g Ak, % B 1 5 pGEM-T Easy
Vector # 17 % #%. R | CaCl, ¥l % K
IMI109 J& 32 25 4f Jf, ¥ 3% Ik R A K
JMI109., BH M va B SR FI R PCR 3EAT %5 2 i 1% )5
PEUTRL % & 1l R P mL Y
1.7 RT-PCR REIENZE

W %0 5 RNA FIE & RNA RIKH B 10" ~
10° %, 43 5| # H & RT-PCR Ml £ & RT-PCR i
AR B A2 AR R ) R

2 AR5

fHE 2 RNA REUREWN
HJ Biozol Extraction Reagent i 5] 7] LA )\ K H

2.1

SR RO R A RNAL X RNA gE 17 BiIg
VR Jg HL ARSI L ] DL 28S RN 18S 2 % ¥ WA Y 2% A
H. 28S 4%t 72 B w5 T 18S. #2HU RNA () ODy,/
ODsso [HIITE 1. 8~2. 0, RNA JfH W fF ly 450 ~500
ng/p L. UEHTERIEY RNA 57 &t F 2l i [ 4, o] {1 T
J& 25
2.2 HE RT-PCR &8kl

M 1AL, L TuMV, TMV #1 CMV 3 Fhis
B cDNA 2y PCR [z N4 . 22 PCR 43 43 51 15 5
F/NHy 228,305 F 460 bp [ 3 4 Sk,

M 1 2 B 4

600 bp
500 bp
400 bp

300 bp

200 bp

100 bp

M. DNA Marker 1;1. {5 K 3%
2~4. KW N TuMV, TMV,CMV

M. DNA Marker 1;1. Healthy Chinese cabbage;
2—4. TuMV,TMV,CMV ,orderly

B 13 Rk S 3 10 8 T PCR G
Fig.1 Single PCR detection of three Chinese cabbage viruses
2.3 %E RT-PCR #&il
2.3.1 FMRESTHARAT 0 ¥ 3 X5

FH A ZE PCRKZRH LU EH 0.4 pmol /L,
B KGR 51 CL85 R R TMV fil CMV £ 47 45 i
BIsE .M TuMV &2 B 5. K TMV fil CMV
Sl 2 0.3 pmol/L, f£#; TuMV 5| ¥ ¥k &
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AR R R TMV Fl CMV 4% 25 B 6 B i 72
b0 TuMV il BEA Frmag . ik 3 X154
FIHRE Ll TuMV @ TMV @ CMV =1.3:1: 1,
Z # PCR ZORAER] — 1A & 6] i 47 3% 2 A 5L v
B 519 2 e A B 5 4 23 5% i PCR R, B L 4551
Yrvie B Al H OCHE LU B Y A RE R By A R 5
BER s 52w A I 45
2.3.2 %% RT-PCR R R4k A2 #9440 MR
LU R SR R AR TR IR X Tag DNA

A ANTPs Fl Mg* W BE#EAT AL . 25 Tag DNA
RAMWREE R 0.12 U/pL B, 3 J6 55 M S5 il
EMWT (& 2-A) 3 7E ANTPs 3 4 0. 24 mmol/L B},
Bokm A5 E et (| 2-Bys 24 Mgt ¥R E N 2.0
mmol/T i, BV A [a] if 47 35 3 4% 4 S M 45l (2
Mg*" ik B2 2. 8 mmol/L i 2% 4% fc 1 M (18] 2-
O B RN AK R & S B A 14 5E 9 : Tag DNA
RAEMWE N 0. 12 U/ul, ANTPs ¥ & Ky 0. 24
mmol/L,Mg* ¥ &} 2. 8 mmol/L,

A. Tag DNA BA /(1. R K HZE:2~7.0.02,0.04,0.06,0.08,0. 10 F1 0. 12 U/pl) s B. ANTPs(1. @ K3 :2~7.0.12,0. 16,
0.20,0.24,0.28 F1 0,32 mmol/L);C. Mg?" (1. ft K H3;2~7.1.2,1.6,2.0,2.4,2.8 1 3. 2 mmol/L) ; M. DNA Marker 1;
A. Tag DNA polymerase(1. Heathy Chinese cabbage;2—7:0.02,0. 04,0.06,0.08,0.10 and 0. 12 U/pL) ;B. ANTPs(1. Heathy

Chinese cabbage;2—7.0.12,0.16,0.20,0.24,0. 28 and 0. 32 mmol/L) ;C. Mg?" (1. Heathy Chinese cabbage;
2—7.1.2,1.6,2.0,2.4,2. 8 and 3. 2 mmol/L) ; M. DNA Marker 1
K2 kRS EX 2 E RT-PCR (900

Fig. 2 Effects of the concentration of reaction components on multiplex RT-PCR
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RT-PCR (38 JCifik B SE it i ] 70496 B o 50 1710
b, S5 R R KR EE N 48 TR, CMV &l iR 5%
B TMV #1 TuMV 5458 BB 2418 JOREE S 58
CHf, TMV & R 55, CMV f1 TuMV &7 5% i
% s M AEIR KR FE A 52 “C R, 4% 4 58 B 34— LT MR
(J 3-A), JEARESEIFE 20~70 s HREH 44t H AR &%

600 bp £
500 bp e
400 bp fad

300 bp
200 bp

100 bp

AR L 30 s WA A5 S B JC 22 00 (1Bl 3-B) 1
BT 25 B, JUF- R H B AR A0 - 4106 K
BT 30 BEEREY MG B 3 Soke kA . B A 3R
WHCH 30 I, 45 25 e ol W W (I 3-C) Ik, £
H RT-PCR W4 1 5 10 fe 280 Oy - 1B IR 52
C AL E] 30 s JEFRUCEL 30 IR,

AR R E (L @K A3 :2~7. 48,50,52,54,56 1 58 C) 5 B. FEfII ] (1. fdHE K 3 :2~7. 20,30,40,50,60 il 70 )5
C.IEH IR B (L R K3 32~7.20,25,30,35,40 A1 45 %) s M. DNA Marker 1
A. Annealing temperature (1. Healthy Chinese cabbage;2—7.48,50,52,54,56 and 58 °C) ;B. Extension time (1. Healthy Chinese cabbage;

2—17.20,30,40,50,60 and 70 s) ;C. Cycle numbers (1. Healthy Chinese cabbage;2—7.20,25,30,35,40 and 45 cycles) ; M. DNA Marker 1
B3 ARRY &KX £ E RT-PCR 150
Fig. 3 Effects of different amplification parameters on multiplex RT-PCR
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FH DNA glifb [r i 7] £ ik £ & RT-PCR ¥
B TuMV, TMV fl CMV %%, 3 5 pGEM-T

Easy Vector M 17 3 $% . 6 BUPH % 7 B, R F o I
PCR #F 47 %5 52 0 6 J5 » 48 BUSCRL N J3e . 0 7 &5 SR 3%
. TuMV., TMV F1 CMV §" 34 7= 5y 5 1 228,
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305 I 460 A% H MR 2 B 5 i B PCR 7= H) K/h
HATA] o 7 A [ 23 A 25 SR 3 B 7 1 A5 B 14 7 41 5

M 10° 10" 10° 10° 10' 10° 10°

305 bp

228 bp

(€

M 10°

S22 54 1 [R) I %45 51155 100 %6,99. 60 % i1 99. 50 % ,
MARIE T 1% 2 8 RT-PCR A4 2 0 v M:

10" 10° 10° 10" 10° 10°

460 bp

M. DNA Marker DL2000;10°~10°. i B fi5 5
M. DNA Marker DL2000;10°—10°. Dilution ratio
Bl 4 HE RT-PCR AZ£H RT-PCR &l 72 85 19 &
Fig. 4 The sensitivity of sSRT-PCR and mRT-PCR

2.5 %E RT-PCR REFENE

H Biozol Extraction Reagent & 15 2| i RNA
JoT B B O 450 ~ 500 ng/pl. R E 45 R B
/N HE RT-PCR 7 ek il i TuMV, TMV
CMV Hd K RNA Fii B A5 B2 10° 4% (18 4-A LB,
C) . fefik RNA K B it ¥ 2 o0 5 pe/pl AL JE 1Y
Z# RT-PCR | R i & &A% H L . 8 RT-
PCR(E| 4-D).,

5 6 7 8

2.6 HEXABEFE TUMV . TMV #1 CMV B4

R 2015 4E K 1 P A 3 bk AL 2 Bl %
M 22 B4 b IXC 1 K 11 309 250 BE AT TuMV
TMV % CMV #, RT-PCR il 45 5 (& 5) &
A TuMV.TMV f1 CMV ZEH B A K4, £ &
RT-PCR Fl # f RT-PCR i Wl 45 5 10 1F o) % h
100% . F 43 iE W] T %% % RT-PCR # W 9 32 44
ARG 0 25 000 VB

9 10 11 12 13 14 15 16 17 18 19 20 21

CMV
™™V
TuMV

CMV

TMV

TuMV

M. DNA Marker 1;1 f@#E K H3E;2~23. BUK KA
M. DNA Marker 1;1. Heathy Chinese cabbage;2—23. Infected Chinese cabbage
5 FHIAI R SR T AR BRI 2 8 RT-PCR A 45 5 19 Lh 3K

Fig. 5

Comparison of sPT-PCR and mRT-PCR detection for field Chinese cabbage viruses
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AR 50 2ok R A K . £ 8 RT-PCR R
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] 30 s, fF PR R EL 30 WK FE ML 45148 T RE7E — MK
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BT TR A R
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