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Establishment of real-time PCR detection method for tomato spotted wilt
virus in pepper

Chen Lingzhi*, Yu Haitao?, Jiang Jingjing

(1. Institute of Vegetables, Gansu Academy of Agricultural Sciences, Lanzhou 730070, Gansu, China; 2. Institute of Plant Protection,
Gansu Academy of Agricultural Sciences, Lanzhou 730070, Gansu, China)

Abstract: Tomato spotted wilt virus(TSWV) has caused severe damage to pepper. To detect this virus rapidly and accu-
rately, this study developed a SYBR Green I-based Real- Time Fluorescence Quantitative Polymerase Chain Reaction
(RT-gPCR)assay targeting the complete cds sequence of Tomato spotted wilt virus in pepper in Gansu province, and the
sensitivity, specificity, and stability of this method were tested. The results showed that the Ct value had a good linear
relationship with the logarithm of the copy number of the standard concentration, while the recombinant plasmid contain-
ing TSWV genome sequence were in the range of the plasmid standard of 1.19x10%1.19x10° copies - uL*, and the correla-
tion coefficient R* was 0.997 8, the standard curve was y=-3.353 7 x+34.667. This established RT-qPCR specifically could
detect TSWV with high specificity, the least detection limit was 11.9 copies - uL™*, which was 100 times more sensitive
than conventional PCR. The coefficient of variation between groups was 0.19%-2.67%,indicating that the method was of
good repeatability. Using RT-gPCR to detect TSWV in 15 pepper leaf samples collected from the field, and in combina-
tion with plant symptoms, a viral load threshold of 10® copies - uL'* was proposed for pepper plants exhibiting TSWV
symptoms. The findings of this study enable rapid detection of TSWV in pepper, providing a scientific basis for risk as-
sessment and crop management of TSWV in pepper production.

Key words: Pepper; Tomato spotted wilt virus; Real-time fluorescence quantitative polymerase chain reaction
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RT- gPCR (real- time fluorescence quantitative poly-
merase chain reaction) A5 4= & Y1 . R BUE &
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A AN S —Fh 2L T SYBR Green 111248
SE F PCR Rl i , BIF 9% 98 7 5 B MURE R 22 TR 1) 5%
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1.1 #

W6 T 2024 4 10 H % 2025 4 1 H ekl
AR 2 B A AR A 5 A AL b X el 2 F 9 A= )
L5pp i ) ) B SR IR AT . T ORI A R
Hiti D 22953 B (TSWV) S FH T4 e 1A A 560 1) 0 A
Jpi 7% (tobacco mosaic virus, TMV) . 35 JI £¢ ' 9 &
(cucumber mosaic virus, CMV) , %131 5 T H 7l & 4
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prep Pure Plant Plus Kit, DP441) . Jx#: 3R F &N
RARA R A R A 7 1) 56X 77) & (TIAN-
Script Il RT Kit, KR107). DNA E& 8 AN R AL
BRI A PR 2 7 1) TagDNA % 4 B (ET101-02-01) .
Fi RIS R B o A AR AR C RO B A R
"] ] EZ-10 Spin Column DNA Gel Extraction Kit
(B610353-0100) . PLB % B it 7l & A R AR A AL}
FA IR A A 1) PLB Z 9 st i v % 155 & (Lerhal
Based Simple Fast Cloning Kit, VT206) . PLB Jii i
FERCAA GO FE AR AL A IR A 7 1) TaKa-
Ra MiniBest Plasmid Purification Ki(9760) . ASif4:
1 ) 2 Y6 Rk B B 2 AR (D R E
PR 7 & 4 7 1) Hieff ® gPCR SYBR Green Master
Mix(No Rox)(11201ES03). KJi##TE Escherichiacoli
2SN TOP10, 1 H At 3 4 N E AE MR A R
AT FORIHUR BT s 55 77 52 LB AR (a4 1
FrEE AR RIS BRI AR BB AE 2R

1.2 753k

1.2.1 ¥ RNA## % cDNA %l & 1§ F§ RNAprep
Pure Plant Plus Kit #2 B £8 i &3 % 5 1 32 Fh
TSWV.TMV.CMV [ & RNA, =80 °CHx
17 I8 S 56 7 & TIANScript 11 RT Kit 5 B
FHAT )5, 4y B3R A3 TSWV.TMV. CMV 1]
cDNA.

122 slamiot A& kil TSWV B K45 51
(GenBank & 3% 5 : MK628739) , | F] #  Primer
6.0 73 %% it RT-PCR Al RT-gPCR 5|4J. RT-PCR
5115 %) TSWV-PLBF: ATGTCTAAGGTTAAGCT-
CACTAAGG, TSWV- PLBR: TCAAGCAAGTTCT-
GCGAGTTTTG, ¥ 4 i Bt K % v 777 bp. RT-gP-
CR 5¥1/5 %) : TSWV-qPCRF: CTGTGAGGCTTGC-
CATAAT, TSWV-qPCRR: CTAAGGCTTCCCTGGT-
GTC, 1 Fr Be K J&F iy 155 bp. {# ] T100 PCR %
IR 3843 (€ [ 4 4R 2~ | HE4T RT-PCR ¥4, i A
CFX96 S % 5 f PCR A (3 EMAH SR A 7D #E4T
RT-qPCR 14,

1.2.3 pLB FttnE ey sl & LIRS R TSWV
) cDNA AR , ) ] TSWV-PLBF/TSWV-PLBR
KSR 18 TSWV, I 1985 A A L ik 20 5 3
PR A5G R AT R R TR, K IR
#%3) pLB Jii ki # 44 (pLB-simple Vector) |, #:1k K
J AT B8 B ik TOPL0 A4 2 B ZH i b o R AR 35 7% 5k
B 8 AN 1# V& HEAT B 7% PCR, X} B 7% PCR ¥ 18 A B,
K E TE i B0 B VB8 250 7 00 P T ) PR B VR 8
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CJfiRE I B x10°%6.02x10%) / (660 38 /K il /5l 3 % x
Bl i 0 #) o Fe 2% W A5 bR 1 BRI FE N 1.19%
10 #% DIH-pL*,

124 ArAd & eyZ s L1 uL FRIRE N
1.19x 10" #5 UL« ul* 19 b5 #E BRL, N 999 pL
ddHO, k3 1.19x10° #% DUK » Lt 25 20 o R At s 5
H 1.19x10° #% VUKL« uL (1 SR bR #E DL 10 fi5 46 B
SRR 8 IR, $RAF 1.19x10'~1.19x10° AN [ Ik 1)
JF R DNA ¥ i, ddH,0 1E A= (Xt iR, 3E1T RT-gP-
CR. & & &K M & % 4 Hieff ® qPCR SYBR
Green Master Mix 5.0 uL, L 3% f1 F % 5] ¥ %
0.4 pL,DNA 4R 1.0 pL, Bl RNase- Free H,0 &
10.0 pL. M FEFF:95°C 5 min; 95 °C 30 s, 60 °C
90 s, 39 M 1E I 5 45 i it 2k 65 °C to 95 °C , i 3
0.5°C5s. LAFRIREERRLL 1.19 J5 X HUE ot A4
B> CAE IR BIE (CtED A AL , 2 il b it 28
1.2.5 RT-gPCR 4 &% £ % 47 4 7 LA TSWV,
TMV.CMV 7 & cDNA IR , ddH.0 1E A AP XT
R 3N ESE M Bk 1.2.4 i RT-gP-
CR R R BEATHEIN , B0AIE 12 77 ¥ B4 S 1 o

1.2.6 KA EZHBERE  HILL 10 F566
B TSWV R GRFE N 1.19%10'~1.19x10° #% 11l
el AR, FI ] RT-PCR 1 RT-qPCR #47 R
AN

1.2.7 RT-gPCRE A M4 4 LLKEA 1.19%x10°~
1.19x10° 45 UL« uLt FR N ASEAR , B MK 3
AN FLEAT RT-qPCR A& o X6 AN [ B4R 46 F5E 17

A M 1 2 B M

2000 bp

2000 bB 3000 EE

1000 bp iggg b
750 bp 750 bp
0019 e
250 bp 100 bp
100 bp

RT-gPCR ] Ct (3T GE it 4001, tH B AR 53 R 5L
MRS &5 RAPAZ 7 ik ) B
1.2.8 W IAF AR XF R SRAE ) 15 4 B
ke cDNA K2 38 TMV.CMV 7% # cDNA % 1
#5553 5% F RT-PCR #11 RT-qPCR J7 3247 TSWV
Kl o ) FH 2257 () RT-qPCR A vk il 2 5 F it Bk
it e R B A AR S TK TSWV IR 5 75 4 &
AT T
1.3 BEHH

X F Excel 2021 #F 17 % ¥5 4 #1 A1 4 il
RT-qPCR FrifE 12k .

2 ZERE55H

2.1 TSWV ERE R &0 Fribn g may sl &

ff B 5] ¥ TSWV- PLBF/TSWV- PLBR, X}
TSWV & R EEAT I 38, 25 BN 1-A s, i3
AT T TSWV S 2L R )97 386 7= 4, K FE 2R 777 bp.
XT3 P AT B RS I #E B pLB ok 44
b ALK AT B AR TOP10 G iRt 7. HhE 8
AN TEATHTE PCR, 45 R & 1-B Fiow, 1 5 ikiE
1 R B FE/NT 777 bp, AR FRYEY 1. 2~8 5
VKBS 3G F BOK B S AW RN AR, A BE MY 3 .
¥ 2.3 5 R AT I P A% R T 4 B X
S » W ARG B R I A S A R . X A R AT
B G PR MUTURE , d5 24505 AR SRR FE D 1,19
10 #% D% -pLs
2.2 RT-qPCR#RERZEN

DL EE ZH 5 ORE AR dE B 1.19%x10°~1.19%10° 4% DI
B e uLt AR, B 514 TSWV-gPCRF/TSWV-gP-
CRR 4T RT-qPCR, RT-qPCR #5 1 #h £k 4 &l 2 it
TR AR EETE N 1.19%10°~1.19%10° #% D1 e pL*

WA TSWV H Y H B PCR 4714 ;M. D2000 plus Marker; 1~2. 473 TSWV H ) Bt. B. TSWV i PCR; 1. 5 BH S 1 :2~8. BHPESY

1 M. D2000 plus Marker .

Note: A. Amplified TSWV target fragment; M. D2000 plus Marker; 1-2. Amplified TSWV target fragment. B. TSWV bacterial liquid PCR am-
plification; 1. False-positive amplification in PCR; 2-8. Positive amplification in PCR; M. D2000 plus Marker.
1 TSWV BHIKER PCR 4 #F0E#& PCR 41
Fig. 1 Amplified TSWV target fragment and bacterial liquid PCR amplification
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NP R 2R ME R R, AHOC R 8L R?=0.997 8, bRtk
il £ 5 2y y=—3.353 7x+34.667 (& 2-A) . i ih
LU 2-B Fron. MEIEMILL, BRI B —1)
U TR , HVEAE G LI B2 R 78.5 °C, R 51 ¥ A &
RAFRE R (B 2-C).

2.3 RT-gPCR 3|#45 51X 18

43 AL TSWV.TMV..CMV J% 2 1] cDNA Atk
B, 3 LA ddH.O 1E A B 14 %t #3247 RT-qPCR 473 ,
RN 3 frar. TSWV 56 7 cDNA 23 H R 5+
PEY 1 #h 28, TMV.CMV J5 % cDNA Ll & ddH,0
IR Iy HES .

B
A 30  y=-3.353 7x+34.667 %1888
2: x
-5 | R?=0.997 8 € 500
m 700
g 20 f = g 600
S R S 500
Z 15 =2 400
o o O
By = S 300
5 07 <= 200
© S 100
5T 3
[<5)
ob— L & 10 20 30 40
01 2 3 45 6 7 8 G4 Cycles
BRI 2 11.19) Ay 5t $i {8
Ig (Plasmid concentration/1.19)
C
i 250
200
E 5
= X
§ ) 150
» E 100
i
= 50
B
& 0
65 70 75 80 85 90 95

%% Temperature/°C
A bRE 2R, 2350 i #5 DUBCR 1.19%10° 85 DUHC- il TSWV JFURLBRAE S 28 10 R0 BERG RN A - B S 8 i 26, 7 2004 739 i
1.19x10°#5 DU - L™ TSWV BRI b5 i 22 10 2456 A R 11 #4282 - C A i il 22 , LU 00T I8 (10 B2 78,5 °Ce
Note: A is standard curve, built with a 10-fold serial dilution of TSWV plasmid DNA of 1.19x10° Copies- uL™ constructed respectively. B is am-

plification curve, from left to right were developed with a 10-fold serial dilution of TSWV plasmid DNA (starting at 1.19x10° Copies - uL™); C is

melting curve, and its peak corresponds to 78.5 °C.

2 EB[E TSWV i EH) RT-qPCR frfE M2k RO
Fig. 2 Establishment of a standard curve for TSWV in RT-qPCR

24 RAE=ERBERE

I 51 4 TSWV-PLBF/TSWV-PLBR, X} ik /&
0 I 7E 1.19%10'~1.19%10° #% DI e uL* ( RE A 47
RT-PCR ¥ 34, 45 W 4-A i os. 7E 1.19x10°~
1.19x10° #% JLHL» uL 9 FE Yl 9, RT-PCR 48 S”
18 B I BT I 25, IR T 1.19%10° 3% DL pLt ik
B2, WoRIA 11 21, R RT-PCR A 2k
FRA 1.19x10° % D1 ¥ -pL*. fi i} RT-qPCR J5 i
ITH 3G, g5 R B 4-B B, &3 BE KPR TR bR
Y LR 2R R T8, B R A I B 5 1S
S BRATIPR Ny 11.9 2 U1 K-l
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25 RT-QPCREE MR

DL 1.19%x10°~1.19%x10° 5 DLH » pL™ Jook A AR
K FH RT-qPCR A0 77 23047 8 2 M6, S 3 IR
SPAT FEAS KM, AR 48 AN R B R 1) RT-gPCR 1 Ct
HFRAR T 240 45 Rk 1 FR . 1.19x10°~1.19x
10° 4% DU - L 9K FE T A8 S R E0H 0.19%~2.67%.
2.6 HIEHE &N
2.6.1 RT-PCR #= RT-qPCR #& M X} K4 ) 15 4
B 7 FE 8 cDNA LA 1 4y TMV cDNA.1 {7
CMV cDNA, %3 %I F RT-PCR F1 RT-gPCR J5 ¥:#E4T
TSWV gl , RT-PCR 77 v Al H BH A i 6 4735 FH
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oY S 1
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K 2400
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g 2
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= 9
o
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HEI AL Cycles
B
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%
o 200 1
=5
2 X 150
S 2
Bl 100
%ﬁ iy
L 50
* 2
® 0
65 70 75 80 85 90 95

IR J% Temperature/°C

AT LR 1L TSWV;2.TMV.CMV. ddH,0. B AJEfEIIZE; 1L.TSWV;2. TMV.CMV.ddH;0.
Note: A is amplification curve;1. TSWV; 2. TMV, CMV, ddH,O. B is melting curve; 1. TSWV; 2. TMV, CMV, ddH.O.
3 RT-gPCR 5|#45 5 43
Fig. 3 Specificity verification of primer in RT-gPCR
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500 bp o 200
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IG5 £ Cycles

7 :A N TSWV [1) RT-PCR 5645 F , M. D2000 plus Marker; 1~8 735l Jy 1.19x10° ~1.19x10" 4% Ul #{-pL* ;9 25 ddH,0. B N TSWV K]
RT-qPCR R U6 45 0L, A2 245 43 Sl F 1.19%10° 4% DUAL-pL™ 1Y) TSWV JBURLFRAE 5 28 10 A58 B2 7 R i A4 2
Note: A is sensitivity test results of RT-PCR detection of TSWV; M. D2000 plus Marker; 1-8 were amplified with a 10-fold serial dilution of
TSWV plasmid DNA of 1.19x10°copies - puL™* constructed respectively. 9 is negative control ddH,O. B is sensitivity test results of RT-gPCR detection
of TSWYV, from left to right were developed with a 10-fold serial dilution of TSWV plasmid DNA of 1.19x10°copies- puL™* constructed respectively.
4 TSWV B EERBUE IR
Fig. 4 Fluorescence quantitive sensitivity test for TSWV
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Table 1 RT-gPCR repeatability detection of TSWV

TLALJFTR R A i A< T

Recombinant plasmid Ct{H ol }Eﬁ%%{
. Standard Coefficient
concentration/ Ct value o .
. . deviation variation/%
(Copies-pL™)
1.19x10° 7.503 0.200 2.67
1.19x10’ 11.305 0.021 0.19
1.19x10° 14.673 0.171 117
1.19x10° 18.230 0.079 0.43
1.19x10* 21.413 0.095 0.44
1.19x10° 24.203 0.097 0.40

PERS %N 35.3%. RT-qPCR J7 iEAa I H BHAERE &
8 1y, FAPERS 2y 47.1%. [T} RT-qPCR J5 46
FIF A 2 4 BHERE &, A RT-PCR 5 VA48 I 35 2 B
PECE 5 A 11 A1 13 JkiE) , RT-gPCR 7 2 PH 44
¥ U L RT-PCR J5 5 11.8%.

262 mEHREA KKK XTFIFH RT-gPCR &
I EE PR 8 45 BHERE S T Ct AR RIS 5 i S Bk 2k 3k
175007, & R R 2 B, 1A S iR R IR %
o TEM BB AR 4. Ct AN 25.67, Al Fl bR ih
£ 77 FE y=—-3.353 7x+34.667 H L AL R B EHEY

71 : M. D2000 plus Marker; 1.TMV;2.CMV;4.5.6.8.16.17 Jy TSWV FIEEE &
Note: M. D2000 plus Marker; 1. TMV; 2. CMV;4, 5, 6, 8, 16, 17 were positive samples of TSWV.
5 MIE# & RT-PCR &IUZER
Fig. 5 Test results of RT-PCR detection of TSWV with samples from field

7 2 RT-gPCR &t A S B 3 8 A IR iE
Table 2 TSWYV viral load of RT-qPCR and
symptom of sample

TR E

i Ctia FE SR AE
Viral load/ Ct value Symptom of sample
(Copies-pL™) ymp P
10° 17.00 JEAL, R B, R gk
Stunt, leaf mottling and chlorosis
10 19.62 R BERL, Sk
Leaf mottling and chlorosis
10° 25.67 TEARIEAL , TE i P RS AN 2R 4

Stunt, no leaf mottling and chlorosis

N 10° % DL BEAT CHERIIRVN R B3 IR
T e SRBURE PR HE B RN SR S S AR

3 WieE4iL

FIH ELISA.RT-PCR 77y AR R E 1) M
B DU AT R 5N SRR 2 Bl [X
Rl T TSWV, (B F| RT-gPCR J5 ¥ % TSWV
AT E BRI RER D . o EEHA
RT-PCR 2 5& &% \RT-gPCR #H X} &€ &%, %} TSWV
12 YL 1R B9 it P A T 19 9 B AN R E AT T AR,
-224 -

FHH VA 24588 19 B i) TSWV 2R B —z K
PR, HEA S B, RGP 5T 2R 8 R A
RT-QPCR J7 yAAE &4 TSWV 1 = A= JR AN A R -
HH AR I PTG B 19 B D 100 #5 DL epL . AW
FE 3 W 2 B A TSWV 5 #30 Ek ) 10° #%
DUECe pt B, BRABCEE B 3 TSWV GEIR , HLBE &
TSWV i 25 4 & 19 00, BAURE PRI 4 1 LI B
AR ZR2E AR .

s H TA) SR 4 1 15 4 BB A RE S R A
RT-PCR kAT R s, FLrp () 2 40 FF S AN BE 93 H
777 bp (%67, BRI RT-gPCR 7 VARG X 2 4y
BE G R FEE, 368 RT-qPCR J77%:48¢ RT-PCR iR
B, iX R B RT-qPCR J7 & F] A BRI TSWV (1) 5
HHVS W R £ 977 428 B8 A48 SR M A

AN D RES S 5EREKTSE. B S
PR Is A k. EH I H MRS EKS
T HL R — BB R A R AR TSWV A, (H
HARMEMRIIAKI , 454 RT-PCR Al RT-gPCR X} 15
1 FE TEDAE G 00 5 R, 00 A A 3 o B 2 10 D [ 5
AAEMEAT T, MM TSWV R f i AR IA 3|
I3 RE S AL PR AR, 53— 1 J R T e AR R AR K i
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B TAEH N A KB TSWV 53 B 1) 42 45 K]

Ay AN R R 91 W, AWETCEE L T TSWV

RT-qPCR A5l 77 v , sbAS I 75 ik oy, R th 4 Ct

1B JFURLAR HE it i 2 0 B2 R A7 RO 2R R & 4%

fiff T 2 08 B — , 1% RT-qPCR A M4 7 1 4, g

e PR WU H TSWV, A BE R H TMV. CMV

JEE. RN R L TSWV [ RT-gPCR

Ji L) R WU /& RT- PCR ) 100 fi5. HE AR L

RAZ 5 RBI DT 3%, R WE LI TSWV [

RT-gPCR J5 % BAT RIF M E RN . AHT TR LI

Rl TSWV 5% # ) RT-qPCR J7 v B A 57 Mk i

REE R EE VR S50, BEXT TSWV i B 3£ 4T

FEHERGLII
Lk L PTIR , AW SO SL T 3T SYBR Greenl

B TSWV 1] RT-qPCR K5 325, 2t 1 BRARE PR

I TSWV SEAR KR E 3R B (E DY 10°95 DU -pL ™,

N TSWV [ PR AR I 52 B 1 50 AR T4 L 1 o B

TSWV [R5 AR B AR 04 1 RH2 ik dh

SE K
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