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Establishment and Application of Multiplex PCR for Detection of Three Viruses in Sweet Potato

LI Wen-zong, LIANG Xin, YANG Lu-lu et al (Henan Huazhi Nutrition Technology Co.,Ltd.,Xinxiang, Henan 453000)

Abstract Three pairs of specific primers for sweet potato leaf curl virus (SPLCV) ,sweet potato feathery mottle virus (SPFMV) and sweet
potato chlorotic stunt virus(SPCSV) were designed based on conserved region sequences of the coat protein (CP) genes published in NCBIL.
The amplification size was 180,295 and 774 bp respectively. By optimizing the reaction conditions such as primer addition amount, annealing
temperature and number of cycles, the multiplex PCR system that could simultaneously amplify three viruses, namely, SPLCV, SPFMV and
SPCSV were improved.It could simultaneously detect 104 copy levels of three sweet potato viruses,and had good specificity. Using this method
to detect field samples,the compound infected virus could be detected accurately.Sequence analysis showed that the sequence homology of the
target fragments were 98% ,94% and 97% respectively.The results showed that the establishment of a multiplex PCR detection technology sys-
tem capable of simultaneously detecting three viruses could rapidly and accurately conduct virus detection of sweet potato virus-free seedlings

and diagnosis of field samples.
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Sweet potato ; Sweet potato leaf curl virus (SPLCV) ; Sweet potato feathery mottle virus( SPFMV) ; Sweet potato chlorotic stunt vi-
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Table 1 Specific primers of sweet potato virus

TR B AR SIFHI(5—3") PCR 1K/
Virus Primer name Primer sequence Size of PCR
(5'-3") product // bp

HEEM%RE SPLCV SPLCV-F ACTTCGAGACAGCTATCGTG 180
SPLCV-R ACGAATTCAAGATGGATGTC

HE PR BEE% 7 SPFMV SPFMV-F GCTGAAGCTTACATAGAAATG 295
SPFMV-R CATAACCTCTTAGGAATGA

HE LR ALK TE SPCSV SPCSV-F ACGAGTATGGCTGATAGCACTAA 774
SPCSV-R GTGAAGACCTGTTCCAGTCAACT

122 BRRAHEI, FRIZY 100 mg (1 H it A, 20 AT
JE I 2 FEAE A 6 RNA H G5 & A 4 8 DNA 2 G 57
FULE RN ERECH 2 5 RNA FI DNA, F T B HEE IR
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1.2.3  #§i— PCR B R Ak 2R MonScriptTM RTTI
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5 ARIRFINRE G 155 1 85 cDNA | I LUK B = 5 i DNA
5 cDNA VEBLHR , 43 7% 3 Fifps 2 2547 48 S MR S A6 0
Bi— PCR X WK F :2xTag Mix Pro(+Dye) 10.0 pL, I Fif
3195 (10 pmol/L) 4 0.5 wL, DNA K4 5% cDNA # 4 4%
1.0 pL, TCH/KAME 5 20 pL, HARK N FET .94 °C HiAS 4
3 min;94 CA8M: 30 5,58 CiE k 40 s,72 CIE(H 50 s, JEIEL
35,72 CHASEH 10 min,,
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— PCR VAR ZR AL F 3 Fis 8 0045 o | Wik 7 2
i PCR SN, W RERS #0022 T PCR 1L 840 (5103
e GRKRLEE JEFREO) R T R, 2 AT R — A S
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2|4 SPLCV-F/R :SPFMV -F/R :SPCSV-F/R [ {i Fi
oA S A b 3 0.5 wl/0.5 wL:0.5 pl/0.5 ul:0.5 pl/
0.5 ub;0.2 pl/0.2 pL:0.5 pl/0.5 pL:0.2 pnl/0.2 plL;
0.1 pl/0.1 pL:0.2 ul/0.2 uL:0.5 pl/0.5 ul; 0.2 ul/
0.2 pL:0.2 pl/0.2 pl:0.5 ul/0.5 pl; 0.4 pl/0.4 plL:
0.2 pL/0.2 uL:0.5 pl/0.5 pL,

PEAELST 515 25.30,35 .40 W5 318 AR B 4331 15 48 .52
56, 58.62 °C, PCR "4/ W12 1.5% 350 NS WE RIS B TKAG I
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CV SPFMV SPCSV 3 il 2 35 PR 41 SR/ R , 1z F 8 sk
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W REAR A A DUBL, LAV EE 43508 107 5 D1/ L g SPLCV |
SPFMV SPCSV 3 27 i K 21 7 21 ok 4 VE R AR, i 1T £ &
PCR K6 S 1 1A 2R A 4 S ko [RDESE, R AR 25 4
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Wi fife , 2R Ay , T AREA T JE i
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b
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E1 HZEMHE RNA(a), 5 DNA(b) RS HERAR Bk 4 5
Fig.1 Electrophoresis of total RNA (a), DNA (b) extracted

from leaves of sweet potato
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2.2 %E RT-PCR REERMEMFITEL D indsH
AN Y DNA/cDNA fE R4 , 4358 ] SPLCV SPFMV #il
SPCSV 3 Fii B¢ AR M5 | W 75— PCR &4, 434 4
th 180,295 774 bp [HR¢ Sk 440, A4F & U H Y 554 K/
(Kl 2a), 7£ X% SPLCV ,SPFMV #i1 SPCSV 3 Fli i 1Y £ &
RT-PCR W AR R B Ak 5 %8, L — RT-PCR 1E 2 &
Bilt, A3 6 5 s et 3R R EE AE IR RBGE AT A, 3 %)
eSS AR R I DA 56 25 5 SR, 3 X 5 [ A Rl i
T2 A X 5 = s AL, % 774 1 180 bp 1 H i 4%
WY RGN, 256 WERAEARIRN RGN T 3 4 H
(2T Y A B, 2 8 PCR G INNAA 2 i 26 4% 5 | W e e 41
A49:0.2 wl/0.2 ul:0.2 wl/0.2 pL:0.5 pl/0.5 pL, H 3 F
BRI H 09 S S LB 5 (181 2b) o 3B R B AR 15
R IR KRN 48 .52 .56, 58 62 CHE, ¥yml 14 H H Y
el A 58 C B, £ H W45l 9 0 A S0tk B2k, R i
58 CHERZ & PCR (iR JORJE (B 2¢) . S4IEHECH
25.30.,35 40K, ¥ REd 1At H A 45, HBEIE AL

b
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d
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1F :M.DL Marker 2000;a. %i— PCR AGI45 92 (33 1~3:SPLCV SPEMV SPCSV) s b. 5| 459 B AJi 45 5 (ki 1~5:SPLCV-F/R :SPFMV-F/R :
SPCSV-F/R M ME4r340.5 wl/0.5 wl:0.5 wl/0.5 pL:0.5 pl/0.5 wl;0.2 nl/0.2 pL:0.5 pl/0.5 pL:0.2 nl/0.2 pnL;0.1 wl/0.1 plL:
0.2 wl/0.2 wl:0.5 wl/0.5 pl;0.2 pl/0.2 pl:0.2 pl/0.2 wl:0.5 pl/0.5 wl;0.4 pl/0.4 pnl:0.2 pl/0.2 pL:0.5 nl/0.5 pL;c.iB kIR EAL

S5 (VKIE 1~5:48.52.56 .58 .62 °C ) ; dAGIENLALZE R (TKIE 1~4:25.30,35.40 1K)
Note ; M.DL Marker 2000;a.Simple PCR ( Lane 1-3;SPLCV ,SPFMV ,SPCSV) ;b.The optimization of primers ( Lanes 1-5; The addition amount of prim-
ers SPLCV-F/R:SPFMV-F/R:SPCSV-F/R wer 0.5 pL/0.5 uL:0.5 wL/0.5 pL:0.5 wl/0.5 pL;0.2 wl/0.2 pL:0.5 wl/0.5 pL:0.2 pl/0.2 uL;
0.1 pl/0.1 plL:0.2 wl/0.2 pL:0.5 wl/0.5 pl;0.2 /0.2 pL:0.2 pl/0.2 wL:0.5 pl/0.5 ul;0.4 wl/0.4 pL:0.2 wl/0.2 pL:0.5 wl/0.5 pL;
c.The optimization of annealing temperature ( Lanes 1-5:48,52,56,58,62 °C ) ;d.The optimization of cycle times( Lanes 1-4; 25,30,35,40 times )

E 2 %= PCR&MREEHFRRKL

Fig.2 Optimization results of reaction conditions for multiplex PCR

774 bp (1 B 5571 5 BEAS B I, H b 06 SR B o350 35
140 WREE PE 22 AR LR B 75 18, 8 35 RAE NI G
IUE(E 2d) o ARYELL R SRS S, I %2
T RT-PCR #fE 2 WK & 4 :2xTag Mix Pro(+Dye) 10 pL,
SPLCV | RIS 147(10 wmol/L) 4% 0.2 L, SPFMV | Rii#5 14
(10 wmol/L) £% 0.2 ulL,SPCSV | FiiE5] %) (10 wmol/L) 4%

0.5 pL,DNA/cDNA 454 1.0 pL, #ME ddH,0 % 20 pl, X
R FEE A 194 C HiAS T 3 min;94 CARME 30 5,58 CCiE 4k 40 s,
72 CZEH 1 min,35 PMEH ;72 C HeZIEH 10 min,

23 ZEPCREMERMFRME AR rEAN R LR
FH, R HEEST () 2 # PCR J5 ik REAE S — Bk IR &
JEORE A 3 AR A TR R 41 R ) B ST 1A
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AR RO B RE LB AR A R ORI H A (K 3) 0 X
BEWIEENZ Y2 8 PCR RGN IA R BAT RAFIYRRRE

M 1 2 3 4 5 6 7 8

2 000 bp

1 000 bp
750 bp
500 bp

250 bp
100 bp

4 :M.DL 2000 DNA 3t hiif : kil 1.SPLCV s Jikif 2.SPFMV ; Jk
i 3.SPCSV ;yikili 4.SPLCV+SPFMV ; Jkili 5.SPLCV+SPCSV ; 3k
il 6.SPFMV+SPCSV ; Jikili 7.SPLCV +SPFMV+SPCSV ; Jikild 8. )i
RE R AL
Note; M.DL 2000 DNA Marker; Lane 1.SPLCV ;Lane 2.SPFMV ; Lane
3.SPCSV; Lane 4.SPLCV +SPFMV; Lane 5.SPLCV +SPCSV;
Lane 6.SPFMV+SPCSV ; Lane 7.SPLCV +SPFMV +SPCSV ; Lane
8.Virus-free seedling
E 3 %= PCR RN
Fig.3 Specificity of multiplex PCR
24 ZEPCRMREM REESEATIREN, &ML
T PCR %F SPLCV SPFMV F1 SPCSV Ay HeAfAG: H IR &
10" 01/ WL( P 4) 03X A R n] DU B L | 3 FhH
ST 10 5 DK AR

2 000 bp

1 000 bp
750 bp

500 bp
250 bp
100 bp

74 :M.DL 2000 DNA 43 & #rifE: W& 1~5.10° .10° . 10* [ 10°  10°
P01/ L
Note : M.DL 2000 DNA Marker; Lanes 1-5.10° ,10°,10*,10* ,10? cop-
ies/ uL
E 4 %ERT-PCRWREE
Fig.4 Sensitivity of multiplex PCR
25 ZEPCREMAFEMEA FIHMILEMZE PCR
PRI 2 F R REAS (P 5) o H 8 R o 2 S AN TR) 9
BEME AR IES AT RS 2 3 53 3 R H AT, b
SPLCV .SPFMV .SPCSV 3 fiig 88 G2t HEfh 1.4.5 9744
th 2 R HIZT O SPLCV Hil SPEMV 5 5244 . %5
AT R 2 PCR 55 0] DAFE & A AR 22 1 H 35 i AR A
rh i A L 75 19 B Y A%, DT BE ST I 43 9% 1 SPL-
CV .SPFMV .SPCSV 3 Fi5#: .
26 ZEPCRYBFYMNETE KELEPCRY M
SPLCV \SPFMV SPCSV [ 4545 470 7, JF-4 I 7 25 21 5
NCBI H1 27 55 8 1 R 91 2R 47 [R] Rk L6 Xt 434, SPLCV
ZH PCRY Y HA LE )R LR W5 2o
AR FRARIITE 94% K L) b, Horb, 5 H Ay 8§ Wy A% 1

PR [F] IR 38 31 98% (5] 6a) s SPFMV ZH PCR 174 50
AN HP P FESE AR i 3 A% R (] R A
94% L) 1, Herfr, S5 ORI 73 1 W A% e 7] DR 1K 1) 99%
(1 6b) ;SPCSV J BL5 PYBESF TR LA AR 1 T 9
HIE 97% K V) B (18] 6¢) o sk BRI BT A5 S 1k 5 | 2
SERYZEE PCR R RT3 Aol 2 AR I AT )32 1) T
GICIET3E

2 000 bp

1 000 bp
750 bp
500 bp

250 bp
100 bp

T :M.DL 2000 DNA 737~ brif s GHE 1~ 5. H 25 H B R i 5 TKGE 6.
[P HR
Note: M.DL 2000 DNA Marker; Lane 1-5.Sweet potato field samples;
Lane 6;Negative control
B 5 ZEPCREEA
Fig.5 The preliminary application of multiplex PCR
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FIRIAZ R ST AATS 2 R4 T H S0 2 A D] — 0 e o e
Bl AR, A 35 £ & PCR # AR 2896 & i PCR 1
A LAMP IR BHOR T RPA TR A B
PR &5k, Horh et i PCR HARA H 5 i Sk,
EAEIEAT 22 T A0 D) IR 5 B XA [ 28 B S P A
Bt AR s LAMP fEGE Y O HAT R ek o I 2
AL AR AR S | BT S A B A AR R e
B S  RPA HZH 3R 5 PR AT S 2% P T L ek ]
JL R e A A AR SR T % B R T S AT A
PN R, 2 T PCR AR Sy — 90N L 9% A B AR R
B ZE TR AR A B AT AT 22 i 2 (] I A ) 2
DA TBr. S8 HE PCR ML, ZH PCR SR AT LUITE[H]
— R FR A 2 0 R DA B RS 1, S A H
SEA R 8 E 9 . 28 PCR AR &7 AR 5|
Pns Z AV A ELA ) s A AR S P 1 S )R, TR S &
# PCR SRR ZR I, 07 2G5 BRI EES 14, I X8 S A 2R A
WL ARAEANWALAL , o4 3 LAY RO AR AR R . HR, 2
T PCROK I 3R CL 102 W01 T H 5 2 0 K, 2 3¢
T T POR KR T 55 4 (460 5
ARG, VFTK TS A5 R R RT-PCR A0 H 54
SR R H PR BE LR 1 , 95 R AR 12 I Z HRT-
PCR #5717 H B AR SRR AL 75 W o 2 CPPIR BE B0 75
AR INA 2

P, AT FELE R AWFFE i 5L L, SRR S AR SPL-
CV SPFMV SPCSV 3 Fiii 8 2 8 PCR KR, W50
BHANRICHR™ VTR R 2 HRE S 5 1 ) FLAS i R
BR/INE—E 2R, SPLCV SPFMV 1 SPCSV 3 s #E H 1
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2R B R/ING 1R 180,295 F11 774 bp, REAT 3K IX 4 HARK
FEFAGINEE SR, 8 1 %o 5 | Pk B AR P 2R,
% T SPLCV ,SPFMV SPCSV 1) I T 7 51 91 & Jin & 43 51 Ry
0.2 /0.2 wL:0.2 pl/0.2 pL:0.5 Wl 0.5 pLsil ki EfbiL
FEAE A 2 B AR ACGRE N 58 C i IE A ECH 35
W, P R . R U U AR S 06 2 I, ST
225 PCR AR ZR AT LASZE 10° $5 01/ pL R A ARG, H 24
RAFHIFRERE . ZIFFTR A 2xTag Master mix TR R HL
AL T HRAVEALHR AR 5 0 H 22 FRIRE i, 6 L 2 B A
W 2 AR e i H 2 8, PR, 2.3 O 3 PR s R A 17
Yu, 3% SPLCV {24442, MLAM, ZEFE S, 2.3 1 SPFMV [

100% 95%
L 1

90%
(]

a

SPLCVIlll 545 % SPLCV Sequencing S

91%

AB433788 H A Japan

AF104036 J:[H America

JX286653 | 7iGuangdong
KF040466 111 7<Shandong

KF040464 ['Y)1|Sichuan

100%
L

SEREWIEL 5 T SPCSV, F WKL SPEMV [ 2 5 1 T 15,
XA AEJE 1 T SPCSV 5 SPEMV Jt A2 44 H %15}, SPFMV 5
TR R HC R 2 e i I 600 5 A 51 L BERL 1,45 2
PR AR Y, A, S s B A A S |
Y1 AL 2 T PCR S I 19 28 44, @1 4 %) SPLCV
SPFMV \SPCSV 3 Fi 87 92 & PCR KA £ 1%k &
ATSZELN 3 R H SRR 10° $5 0L/ L K G, AT R
(Y S 2 B3 P P X PR TR SR 1 H 3 3R
HEGR BRI, S REAS T H SRR A I AR 0 R, i
AL A H ZR R A AN B R R AR SRR

100I%

0
95]", o 90[, o

b
SPEMVl| 745 4L SPEMV Sequencingj%
MF572046 8 K| Australia
98%
KY296451 H1[# China

|100“/a

KUS11268 FEHEF Spain 98%

D86371 [ 4 Japan

94%

AF015541 #[# South Korea

95%
J

SPCSVilll 745 % SPCSV Sequencing

FJ807785 F§¥tF Spain
KC243092 {1 ¥ Henan
K(C243085 111 %< Shandong
KC243093 | %: Guangdong

KC243079 [4)1| Sichuan

100%
100%

97%

TE:a.SPLCV £ PCR 414" 5 SPLCV 257 B W% H IR P 5 R Rl YRR L XS ;b.SPFMV £ PCR §7 17455 SPEMV 25/ s T IR F
G EIRAR LR ;¢.SPCSV 25 PCR §7 4471 5 SPCSV 22551 B W% 1 B e 51 Y[Rl R LT

Note : a.Homology comparison of SPLCV nucleotide sequences ;b.Homology comparison of SPFMV nucleotide sequences ;. Homology comparison of SPCSV

nucleotide sequences

6 £ PCR ¥ HE=WHEIRELLER

Fig.6 Homology comparison of multiplex PCR amplification products
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