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Abstract

Turnip yellow mosaic virus (TYMV) is the type species of the genus Tymovirus in Tymoviridae.
TYMYV induce symptoms such as yellowing, mosaic and leaf rugosity in Chinese cabbage, damaging
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the Chinese cabbage industry. Therefore, developing an easy, efficient strategy for detecting TYMV
is crucial. Here, we established a two-step reverse transcription loop-mediated isothermal ampli-
fication (RT-LAMP) technique for detecting TYMV in Chinese cabbage. RT-LAMP primers were de-
signed against regions of the RNA-dependent RNA polymerase (RdRp) gene conserved among TYMV
isolates. The optimized RT-LAMP method showed high specificity and sensitivity to TYMV, dis-
playing 10,000 times greater sensitivity than conventional RT-PCR. This easy, efficient, sensitive,
and inexpensive method for detecting TYMV in Chinese cabbage is the first application of RT-LAMP,
to our knowledge, for detecting TYMV.
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1. 518

1% (Brassica pekinensis)J& 1t £l (Brassicaceae) 2= & J& (Brassica) . 7£ 1 [E, 3% & FiAs [ A 5 K1
Bk —, HAHERBENAEFME. EARMNE~IREY, ARG ZRLFHEMNGE. F2RERY
1RYLAZE, A5 BT SEAE 5 B2 (Arabis mosaic virus, ArMV). #x & Z## 2 (Broad bean wilt virus 2,
BBWV2). fE M= AE M 7 (Cauliflower mosaic virus, CaMV). % JIAE 955 2 (Cucumber mosaic virus, CMV).
K ZE i {69 25 (Ribgrass mosaic virus, RMV). 45 548 i # (Tobacco mosaic virus, TMV). Jo# {6/
#(Turnip mosaic virus, TUMV). J&& FRBLH £ (Turnip ringspot virus, TURSV)AMIJE# & 1475 2 (Brassica
yellows virus, BrYV) [1]-[9]-

J6 75 1AL AE 9 25 (Turnip yellow mosaic virus, TYMV) /& J6 5 5 16 H-7 2 Rl (Tymoviridae) 76 7 5 £ -
T3 53 J& (Tymovirus) AR FP[10] o 208 B [0k R 2H 5 — 2% 6319 nt [ 1IE SCHVEE RNA 25, Jhgmhd 3 M
Ji % 52 4E (Open reading frame, ORF), 743%il .4 # & & 1 (Overlapping protein). % il # 2% 2 F (Replicase
polyprotein) 1417 2 [ (Coat protein). TYMV i B ANHUGEAT 15 8 H-2 G+ AR H e Y[8]
[11]. TYMV 5l r) S BGRERR& H Fr s A . et fgidi . B H AT b, BOCRIE, sk, £E. 5
TEL R E A H AR S 2 AN B R E LIRS T %5 BR8] [11] [12] [13].

2000 4, Notomi E AJFR 13/ T AHRT I (LAMP)SAR,  H AT 2 F A9 5 4 A s 25 1 e
M[14] [15]. HET, VF2 0 DRI LAMP B08 #5300 S0 1 (RT-LAMP)YRE I, 5140 H
A ZGAE MR T e B AR AR H BEGOW #E[16] [17] [18] [19]. 5 RT-PCR. ELISA ZJ59:A L,
RT-LAMP i BA T B, @R REL BRAMRER A AFARHE T TYMV R ERAE, FFdE TYMV
(FER P BB LAMP (&I 514, @S IRR1L T RT-LAMP &30 )73, 85711 RT-LAMP #7572 mT
T HE E SR TYMV A

2. MRS
2.1. #%

BRI TYMV [ EERE SR H BN BT £, YT BBWV2, CMV, TuMV, S#E % S (Potato
virus S, PVS) I 5 #2575 Y (Potato virus Y, PVY) IAEAIRE i 25 EHACSE IR 25 (R A7 . PRdtil F A Y) RNA $2
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B &0 B L) AR, Bst 2.0 DNA &M HEE NEB AW, M-MLV S sEge H 56 [F
Promega A &, & 08 H 35 E Sigma /A ], SYBR Green | 34kl H 235 (AL ) A, 10 mmol/L dNTPs
1 Tag DNA REEINE H A TAY(ER)AF, pUCLI-T ANy | 2R ER)EW A F .

R4 GenBank H ] TYMV (KF561253) #% & J¥ 41 & i 51 ¥, 1 A # {4 primer explorer 4.0
(http://primerexplorer.jp/elamp4.0.0/index.html) % i+ LAMP #0514, 4% Primer Premier 5.0 #it
RT-PCR &l 5149, 519l RM(ER)EM AT A SIFFI I 1

Table 1. Primers sequences for the RT-LAMP and RT-PCR detection of TYMV
# 1. EBEENEMHS RT-LAMP 0 RT-PCR #3541/ 5

Elk7 Fr3) PR
Primer Sequence (5’-3") Product size (bp)
TYMV(1316)F CCTTCCATTGCCTATACCTC
TYMV/(1832)R GAAAGGAAGAAATGCTGTCG >
TYMV CP F TTGGCGAATCACTATGGC
TYMV CP R TTAGGTGGAAGTGTCCGTG 59
TYMV-F3 ACCCTGCCATCATCGTCT
TYMV-B3 GGCTGTTGTTGAAGGCGT
TYMV-FIP ATCTGGATCGGGTGAGGGCGTGGACAACTACACCAAGTGG
TYMV-BIP CAGGCGTTCAATTCATGGGCCCGGAAAACATGGCGGAAGA

2.2. RNA BY$2EUR RT-PCR

FERM B FEM AR ET S G, S HRPGEE Y RNA SEEG G U B A SR IR RNA,
18 F A R 20 6 6 B2 TH(Nano Drop 2000)ill 2 RNA IR EEFIF . fHH M-MLV 8% S fEdh AT I 6 i
cDNA, UL cDNA AT PCR #7314, PCR F=¥14 1.2%E e I Bk A I o AL AR RN 5x M
22 6 ul, 2.5 mmol/L dNTPs 2 uL, 10 umol/L3’5]4) 1.0 uL, & RNA 3000 ng, 20 U RRI (41 RNA
B MHR), 200 U M-MLV R 3%EE, ddH,0 #MEZ 30 pL. # sk R Mk R BT PCRAXH R, 37°C
60 min, 96°C 5min, M EEHELEIE UK E. PCR ¥ 44 %4 25 ul:1.0 pL B4, 10 umol/L5’
51 P81 3° 51494 1.0 uL, 2x Taq PCR Master Mix 12.5 uL, F ddH,0 #ME4k & % 25 uL. PCR R N F2E 1%
BEON: 94°CTIAER M 5 min; 94°CARME 30's, 55°CIE-k 30's, 72°CHEfH 1 min, 35 AMEH; 72°CHEfH 10 min.

2.3. TYMV-LAMP /3RS Rtk

LAMP J 1A £2[19]9: cDNA 2uL, 10x Bst ZZ3 2.5 ul, 25 mmol/LMgCl, 3 uL, 4 mmol/L #i=%
B 2 L, 10 mmol/LANTPs 2 pL, 8 U/uLBst J & 1 ul, 20 umol/L FIP A1 BIP 5|47 2 uL, 10 pmol/L F3
1 B3 5|#)% 0.5 pL, ddH,O #hEE 25 pL. B TAFEE®GOC. 62.5°C. 65°C. 67.5CHI 70°C) T [
60 min, 80°C 5 min. H{ 3 pL F=WikAT 1.5%B IR bl e AR F PRSI s 7250 R (%9 LAMP P4 i\ 1.5 uL 100
fEMFE) SYBR Green | 4kl #RGRS, MWL RIFmE.

2.4. TYMV-LAMP 7545 44050

SREERURYL T BBWV2, CMV, TuMV, PVS, PVY fil TYMV ¥ IS RNA & kS5, Hi
S RT-LAMP 1 RT-PCR B A VEHEATATI,  PLHAE RT-LAMP #0300 75 75 B4 5 1
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2.5. TYMV-LAMP 753% R 815 #50

BUEH: TYMV R 5 595 RNA 3000 ng FH T S5, F ddH,0 5 SO 5774 10 586 B AR (107, 107,
103,10, 10, 10°°)J5 1 AR, 23 BIK Il RT-LAMP A1 RT-PCR 7 VAR R U .

2.6. TYMV-LAMP F53:=H8 A

MEME . mFEE LA HHRE . Wb IR A RE T AR 3L 80 4y, $2HL 80 A& 1A
RNA, i ] RT-LAMP J7 V2246 3% L6 B i 4 TYMV RGeS0, 78 B RT-PCR 61F RT-LAMP #4145
3. &R
3.1. TYMV 4 RT-PCR &

{H TYMV (1316)F/(1832)R and TYMV CP F/R 5191 TYMV ZERH fv BL, PCR /*#)%4 1.2%E5 /5
PRI L VARSI, K 23 7902 500 bp #1900 bp (&1 1), PCR P24 4k [l Ui Jm % 4 ik pUC19-T, #%
PR IAAT B i, BB T e e o bar s A B R (B ER) LE W A R, WP 45 SR 4 Blast LU i 8 A TE 75 31k
M

1000 bp
750 bp

Figure 1. Amplified TYMV target fragments by PCR. M: DL2000
DNA marker; 1: products of primer set TYMV (1316)F/(1832)R; 2:
products of primer set TYMV CP F/R

[E 1. PCR ##8& TYMV BHFH E&. M: DL2000 DNA 7> FEHRfE; 1:
TYMV (1316)F/(1832)R #1#&/=4); 2: TYMV CP F/R # &=

3.2. TYMV-LAMP #&0HF R BV I Rt

AN TYMV GRS  32 BUR S RNA 7EAN A 13 (60°C 2 70°C) N 4T RT-LAMP il
Xof SSEE P AL S R B B RIR N 60°C~70°CHY, FLIKJE I H BB 455, I\ SYBR Green | %
BHE RS igi e A gk (] 2(b), Kl 2(c)). Sia S 1 th 2o f B ie e l ik 45 &, 65°C R I e b R
A P 1 5 RN B A R S (] 2(a), T 2(D)) DM, SR ERSRIR R 65°CHE AR NI E .

3.3. TYMV-LAMP FFiE4xR1m

3 HEHS T TUMV. BBWV2, CMV. PVS il PVY KIFEFEI RT-LAMP J7: ks it . 451 %
Bt TYMV 12 4RE 5 ) RT-LAMP 29148 SYBR Green | Jeblgeta )5, SRIIGM, 2 20635 G bR B vk
R H B BRIR 4615 5 T 4% TUMV.BBWV2.CMV .PVS Fll PVY {2 4L 5 ) RT-LAMP P44 SYBR Green
| ekl gfs, SIREM, 2 1.5%5 NG kR s A H IR & (4 3(), F 3(b), [ 3(c)),
Vi B A 50 ST RT-LAMP J775%F TYMV B R AT R
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Figure 2. Optimize the best temperature for Turnip yellow mosaic virus (TYMV) detection by RT-LAMP assay. (a)
Real-time amplification plots; (b) Amplified products resolved by 2% agarose gel electrophoresis. M, DL2000 marker; 1 to 5,
reaction temperature of 60°C, 62.5°C, 65°C, 67.5°C, or 70°C, respectively; NC, negative control; (c) Visual detection of am-
plified products using SYBR Green | dye

2. RT-LAMP EMEEFER UM HRETYMV)NRIEEE . (a) SR E/Z; (b) RT-LAMP K49 2%3RB5
PERBSER KM R . M, DL2000DNA 3 FE#rfE; 1 £5, REIRESHIA 60°C. 625C, 65C. 67.5C5, 70C;
NC, BAMXtE&; (c) M SYBR Green | 5} MILER

23000

—_
&

17000

11000

Fluorescence

5000

-1000

Time/min

Figure 3. Specificity of Turnip yellow mosaic virus (TYMV) by RT-LAMP assay. (a) Real-time amplification plots; (b)
Amplified products of RT-LAMP resolved by 2% agarose gel electrophoresis. M: DL2000 DNA marker; 1, TYMV; 2 to 6:
TuMV, CMV, PVY, BBWV?2, and PVS, respectively; NC: negative control; (c) Visual detection of amplified products using
SYBR Green | dye

[E 3. RT-LAMP E@MZEFR KR FZ(TYMV)RFR MR . () SSEHE/Z; (b) RT-LAMP K= 2%3%
BEHE BB B K AMEE R . M: DL2000 DNA HFEfRfE; 1: TYMV; 2-6: 435I TuMV. CMV, PVY. BBWV2
FPVS; NC, BAMXIHER; (c) MM SYBR Green | RREIAIHENILER

3.4. TYMV-LAMP 753% R 805 #50

9T K RT-LAMP J5 9219 Z8UE , K TYMV cDNA [ 10 £ 55 #8107, 102,103,107, 105,10
JE/E MR . S 19 cDNA #E1T RT-PCR F1 RT-LAMP Kl 4558, RT-LAMP #: R 8% 5y 107°
(14 4(a), & 4(c), I 4(d)), T RT-PCR KR 107 (4 4(b)), 18] RT-LAMP J5 3% R 8% & RT-PCR
7511110 000 fi%. Ak, RT-LAMP J7VETE FH RS I B A R 4 (0 B 1098 77
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Figure 4. Sensitivity of Turnip yellow mosaic virus (TYMV) by RT-LAMP assay. (a) Real-time amplification plots; (b)
Amplified products from RT-PCR resolved by 1.2% agarose gel electrophoresis. M: DL2000 DNA marker; 1 to 7: standard
concentrations of cDNA in the RT-LAMP reaction representing 10-fold serial dilutions from 10° (lane 1) to 10°° (lane 7),
respectively; NC: negative control; (c) Amplified products from RT-LAMP resolved by 2% agarose gel electrophoresis; (d)
Visual detection of RT-LAMP assay of amplified products using SYBR Green | dye

& 4. RT-LAMP 2 MBS E R EMHBES(TYMV)B R BERLE . (a) SEAH1ph%k; (b) RT-PCR B9 #4042 1.2%
RREVE R KAMZER . M: DL2000 DNA D FEBHE; 1~7: HRCRIERR cDNAKRE 10° (k& 1)F) 10° (ki
7); NC: BAMXIER. (c) RT-LAMP BO# 18~ =483 2%IRAE FE R AR kA4S SR s (d) SO SYBR Green | 3:RIA01E
MEER

3.5. TYMV-LAMP 73RV HEE M

MASAEWEE T FIERE 80 1. FREUXLLHFE & 15 RNA, JH4r Al RT-LAMP fil RT-PCR #&ill
TYMV. RT-LAMP £ 5 R B, XL ERER A 8 M TYMV B (E 5(b)). Lt4h, RT-LAMP £5%
5 RT-PCR il 45 F 52 4 — 2 (&l 5(a), Kl 5(b)). PHIEAHEF LI RT-LAMP BEGS 1R 4 B w7 B - [R] A
A TYMV K

M 1 2 3 7 8 9 10 11 12 NC

Figure 5. Applications of RT-LAMP assay in detecting field samples. (a) RT-PCR
products resolved by 1.2% agarose gel electrophoresis. M: DL2000 DNA marker; 1 to
12: leaf samples collected from the field; NC: negative control; (b) Visual detection
based on SYBR Green |

[ 5. RT-LAMP 753589 MIB R - (a) PCR 2414 1.2%I7 A5 FEEEBS HE kAR MIEE R
M: DL2000DNA 4 FE#5A; 1~12: RiE AR5 ; NC: FAMXE; (b) M
N SYBR Green | 4} R946M45 R
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4. ¥1ig

FER RS BRI —, BAEEENEFNE. PEZARNRRERE, B2
P TH AR B R 1 E K [20] . SR R AR 32 20 2 IR 2, Wom Bk, e, e, 450
FEMTE[21]. BIHATC AL, AR EAE 9 Pl R RS2 Yy FI38 o 03 55 ARSI A B 42 0] T 55 R B 45 &2
RET, NUMTHEE PR, WA, AR AR R I T .

AT RIRIE T TYMV fEP ER I [N, #3527 TYMV K RT-LAMP 755, Seiegh
FH RT-LAMP J7i+4r R, REUELL RT-PCR &iih 10,000 5. RT-PCR il RT-LAMP J7iE#SREE A
MW TYMV ZHM AR, (2 RT-LAMP Jik B A E R, $IEFRBAML A . RT-LAMP BiARTE
TR NI, AT B E % . RT-LAMP NP2 SYBR Green | Jek}5[22], @it Hi%
WSRO AR A, B e R 45 R, (4 AE TR E 1Y 6 AN Il sE T 80 1 I TAIFE &Y, 8 1 FF it RT-LAMP
Al RT-PCR il 45 SR 2 FHME . PrA MIFH TR R B S04, 1XEW TYMV BAE ] e AR AEFE BN A
A LR P E RS . TYMV SRS — S B E AR AR S, AR AT fefE 3% 2 R E 1
HAbE G, X HARE G RR BSEE ™ EAE, SR E KM . 5 MR A A B A DL
TERRR AT, BT (A B 5 T v A 7 A A R P A B P B AR G A, X S e 7 U T 5
(P BRI 77 V20K 3 RF o AN AL RT-LAMP ASIHE AR e A . DU MRS I H % TYMV 25
SRR, TE TYMV (B A T R 15 L EEH .

zi BRI, ARFRES T RS AR TYMV /) RT-LAMP J5i%, %5/ TYMV FHA
KRBT ST AT RT-LAMP 20l 51 )2 5T TYMV RdRp 2 K () R~y XA 111, 1%
YIZINE WA I TYMV (B8, 7 EE i TYMV Bl BB A BRI HE ). ARt
TSN RT-LAMP J7ER A RUFIR e R RGO, Rl g Sl il B ee A8 A0 B gt AT W g%, Iy ik
i, EH T HEERES TYMV BRI, 2 R e AT s B B .
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