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Rapid detection of cucumber green mottle mosaic virus based on visual
RT-LAMP without nucleic acid extraction
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Abstract To realize the rapid detection of cucumber green mottle mosaic virus (CGMMYV), a visual detection
method of CGMMY in Cucurbitaceae crops was established based on RT-LAMP without nucleic acid extraction.
According to the complete genome sequence of CGMMYV, the conserved regions were screened and specific RT-
LAMP detection primers were designed. Specificity, sensitivity and repeatability were analyzed by RT-LAMP
fluorescence amplification (SYTO-9) and visual RT-LAMP method (calcein). Results showed that the optimized
primers for this method can detect CGMMYV specifically, and the detection sensitivity is 4. 21 X 10 fg/p¢L total
RNA. The coefficient of variation (CV) within and between groups were less 5% , with good repeatability. The
103 samples of field seedlings, plant leaves and commercial seeds of melon crops were monitored, detected and
analyzed. The results showed that the Kappa value between this method and RT-LAMP based on RNA extraction,
fluorescent RT-qPCR and immunoassay strip were 1.0 (1 —1, 95% confidence interval), and indicated an
excellent test agreement. The visual RT-LAMP method has become an ideal choice for field rapid detection. It has
a wide application prospect for field monitoring, preventing and controlling the epidemic of CGMMV.
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ARARAE FE X 4307, O 308 o BE AR s O BE R 90 ok e 2 D3R5I (LB F/a LE) , 34 ] Primer
wit51¥ . % LAMP Primer Explorer 5 #{4% blast Chttp: // www. ncbi. nlm. nih. gov/tools/primer-
TS AGIY (K2, BHAS~6 &5 848 2 blast VTG, 519 FAEY TR CRE) AR
5518 (OF F1 OB) 2 A5 (FANIB AL ARG

#* 1 1%E GenBank 51 22 ©~ CGMMV S EM{E B %R
Table 1 The 22 isolates of CGMMYV information selected from GenBank

75 AR Genbank %545 SR RNy
No. Isolate GenBank accession no. Source location Collection year
1 GDLZ MK933286. 1 FET R 2018
2 NT MH427279. 1 R FI 2014
3 G038 MH271443. 1 o E 2017
4 CG036 MH271441. 1 JIEN 2016
5 CG030 MH271435. 1 7o g 2000
6 €G029 MH271434. 1 7o 2000
7 CG027 MH271432. 1 2 E 2014
8 CGO17 MH271422. 1 ZE[H 2016
9 CGO15 MH271421. 1 fap 22 2016
10 CGo13 MH271419. 1 22 2016
11 CG006 MH271412. 1 YRRl 2015
12 CG004 MH271410. 1 EaE| 2014
13 ON7 MF510469. 1 19N 2009
14 ON6 MF510468. 1 JIE9N 2009
15 ON4 MF510466. 1 JIEN 2009
16 ON3 MF510465. 1 JIEN 2009
17 pXT1 KY753929. 1 RS RIS 2011
18 eWT KY753928. 1 RS RGIE] 2011
19 C284R KY753927. 1 RS RIS 2011
20 JN KR232571. 1 o 2015
21 W V01551. 1 i 2015
22 DY13 KM873789. 1 o WL 2013

®2 AHRIFITE RT-LAMP &0l CGMMV 341/ 51{E 2
Table 2 Sequence of RT-LAMP primers for CGMMY in this study

4241 eI F913) )
Group Primer Sequence Position
%14 CGMMV-OF1 TGTCAAGTTGTTGCGTGG 5 158—5 175
Group 1 CGMMV-OBI1 AACAGAGAATTCGCGGAC 5359—5 342
CGMMV-IF1 ACGTTCCATACACCAGAAACCAGATCTTACAAAACACCTTTATGTCA 5 155—5 204
CGMMV-IB1 TAGGGGTGGTGCTACTGTTGGAAAATTTGCATATAGTTCCCTCT 5 348—5 305
CGMMV-LB1 GCCAGATCGCGGATTTTCAC 5951—5 969
¥ 2H CGMMV-OF2 CTTATTTCCATTTACTCGACGAT 4 868—4 890
Group 2 CGMMV-0B2 GAGCAACTTATCGACCCA 5 074—5 057
CGMMV-IF2 GGCGCTTATCACTCAAATACTTACAGCAATCCACGAATTATTTCCT 4 864—4 911
CGMMV-1B2 AGATGTCTCTAAGTAAGGTGTCAGTAGAGATTTTGACAAACTTCTCAG 5 085—5 034
CGMMV-LF2 ACTGCAACCCCCAGCATT 4 929—4 912
5 34 CGMMV-OF3 AGTATCCTGATATACAGGCTAC 4 628—4 649
Group 3 CGMMV-0OB3 AACTCCTCAACATGCTCAT 4 823—4 805
CGMMV-IF3 TTCCCGCAGAAGTAACCATACTTCTGCCAACCTTGTTTGGAA 4 624—4 667
CGMMV-IB3 ACCATGCCAACGGCTGTATTCCCTACAAGACTCTTATTACCT 4 823—4 782

CGMMV-LEF3 TCGGAAAAGTTTCGCCTCAAAA 4 689—4 668
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473K 2 Table 2(Continued)
G4 514 J¥51(5'-3") 7 (nt)
Group Primer Sequence Position
54N CGMMV-OF4 GCCAACCTTGTTTGGAATT 4 651—4 669
Group 4 CGMMV-0OB4 TCGAGTAAATGGAAATAAGCAC 4 886—4 865
CGMMV-I1F4 CCGTTGGCATGGTGAATTATATACTGAGGCGAAACTTTTCCGA 4 646—4 689
CGMMV-1B4 TAAGAGTCTTGTAGGGTATGAGCATATGAGCAACGTCGAGGA 5 384—5 343
CGMMV-LF4 CCGCAGAAGTAACCATACTTCTT 4 712—4 690
5 H CGMMV-OF5 ATTCACCATGCCAACGG 4 723—4 739
Group 5 CGMMV-0OB5 GCATCCTTGTGTCAACCA 5294—5 277
CGMMV-IF5 CGTGGATTGCATCGTCGAGTAAGTATGAGCATGTTGAGGAGTT 4 774—4 823
CGMMV-IB5 CCTCGTGCCTGTCAAGTTGTGGTACGTTCCATACACCAG 5 264—5 226
CGMMV-LF5 GAGCAACGTCGAGGAGAG 4 849—4 832
CGMMV-LB5 TGCGTGGTGTTGATCTTACA 5169—5 188

1.2.3 RT-LAMP R

RT-LAMP [ Wi{k % 2X RM [ i 12. 5 pls
Bst DNA %47 1. 0 L, AMV i§0. 2 L, SYTO-9
206 Y ok 0.5 pl (G W] ML ML A4S B 4k R
LOoupl), 5l # 1.0 ul (NFI Y LXRWE 0.4~
1.6 pmol/L,4hg |4k E 0. 1~0. 2 pmol/L, 3
SIPAHRE 0. 1~0. 8 pmol/L) , 24 15 W 2l 2
WAL P 20 RNA 2 L, 8 4l K #h 55 5 34 ik
25 ul,

i SR Pt PCR X 83 LAMP 52 Bt
PO 8¢ 5 Ot 4 3G it 26 O SYTO-9) : ¥ | ik
25 pl BN B T ALES R E RN AR R
63C 1 minfEN 1 NEH, T 63°C 1 min &b 4E
PORMFES - 45 NG, [ 45 R 5 A 98t 9 1
il £k 45

I AT SR W AR Ak s 2
DF) N LR 25 pl ROV BT IR AR
63°CARIR 30 min,95°C 2 min (8{F vK_F 10 min) &
IESRE RIGTEZESMDETT (B 350~370 nm) M
I PRV e 2t €8, 56 5 Ay BH M 5 AL S TG VAR e ) Sy 9
g5,

1.2.4 FREMT

RV A B 5 I 7 B AT AL RT-LAMP 5
I CGMMV (45 51, i TR BRAE Mk 7 (CMV) |
FHOR 35 BER 7 (MYSV) /N 75 B 25 3 46 i 3
(ZYMV) FEHZ] RNA SEATIPAG o SR R 25 i ol
TR BAPENT B8 L HE Al KAV Ry 2 (6 I
1.2.5 REEH

i PR S 4 6 6 B T E CGMMV B 4 i
AR S A R B I SR Y VRO R K PR

FE S RIBOR 53 01 4% B 10 A5 AR R LA RNV B
4.21X107 4. 21 X 10° 4. 21 X 10° . 4. 21 X 10* . 4. 21
X10° 4. 21 X107 4. 21X 10" 4. 21 X 10 fg/pL,
AURBEZ /D3 YR (0T 4l K 0 R A ) AR
RNA 1E 7 B XF BE, #2 B8 RT-LAMP 2 1w G 0 5o
T E AT A R .
1.2.6 EZIMHELA;

LA R 3y CGMMV A M it A i
K F ) — 4t v 2R e 1 5] 1 [] — Stk RNA R IR 3
R AT R IR AR I 2t RT-LAMP 1% L i
St CefH A AR i 22 (SD) R4 N AR S R H
(CV), HEEER 3y CGMMV B F ke g
K 3 AU TRIE UK 119 247 170 A RNA E L5355
FNIEAT [ FE A 55, 12 5 Cr {3 5 45 oE IR 22
(SD) FIZ[AAs 2%k (CV), HAHMRE L ELE
3.
1.2.7  SEFRAF G o By A B A

J T VAL A% R $R I RT-LAMP 43 #r 15 55 B
R ARSI o 9 38 M AR BFSEAE 2019 4E 5 H 31 2020
AE 10 H WIIFEL T XU T 103 A i o (46 H
I¥1] PG S4B BEALLROG KR i 35 103 . B N4 1 R A ke -
F WEINARE S 40 4y s DA R WSO AR ) B N1 i 3
O3 PEHT R AR 25 0. RIS T SRR L)
AL RT-LAMP J5 3 3F 47 f5  [a] B >R 2%
RNA $25 ) RT-LAMP.GB/T 28071-2011 #5#
99t RT-qPCR Jy ik o iR 4 A T H X 30
E. i IBM SPSS Statistics 23 H7 4 {4 %6 45
HEAT— B PR 55 (Kappa REO R /AWt 58 g r 1y
ETHRZIRIEH RT-LAMP J5 ik 5 bR HoAth Jy 2
PRSI 45 S 2 ) P — SRR B
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it RT-LAMP 2564 1 th 4k 3 o (i SY-
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2) MITH A R 1.2.3.4.5 A5 W
CGMMV BHMEAE 54> 9IHE 47.26,20.8 min FI 16
min B IS AT 4 20 BT PEXT RIS TC Y 3 it
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#R
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Fig. 1 The results of RT-LAMP fluorescence amplification

curve for nucleic acid free extraction(A) and kit(B)
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JEIUR - 48 RT-LAMP 3758 1 SEAG H S8 1) PR ¢
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EIOCIATEL R (B 2), LRG0T R IR I
7% AT Lk 2045 Rl A i) 6 4 B DR 4 1 [R] <5 A
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ZlE g FH]

Blank  Blank

B2 SRAZERIREUE(A)FIRFIEE (B)RZEMET
A #4L RT-LAMP #& ) & 5
Fig. 2 The results of visual RT-LAMP detection for nucleic
acid free extraction(A) and kit(B) under UV light
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SRR (ZYMV) (3R 4H RNA #E47 RT-LAMP 43
B 2 a6 B 4 Cin SYTO-9) F £ 41t
TS B AR L OMES a2, ks
MR S PE. B 3 Al L, 2 RT-LAMP #:31 (in
SYTO-9) ,fL CGMMV #; 4 S 70 B 4 5 64 3 it
2, FoMRE R B . BBl 4 BT, 28 RT-LAMP
RO CHNES AR 20D, SRAMG T 73 7 ) 1) 2 €, 3ok 2
Ak AL R CGMMV 5L B BEE () 7 1k 2 e 4%
S HARE BB R BAE . vl L AR TSRS 4 4

12 000 F — —
10 000 —
- 80007 R EBER AL % CGMMV
D2 6000 NG S AR 7 ZYMV
2 #IRAEN i 8 CMV
Y4000 iR & B % MYSV
ZHEXN I NTC
2 000 — FAMXY R Negative control
ok y
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MBI
Cycle

E 3 RT-LAMP #&ill CGMMV By#s 750t i 18 &k 5 R
Fig. 3 The specificity test results of RT-LAMP fluorescence
method for the detection of CGMMV
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CGMMV 5|9 BA R4 1455+
TP A PG CGMMYV,

P Al DU S P A

A, B: B RERBER AL 5E; C, D: FPEXT I E, F: #K4EM9i; G, H:
ANV S BRI ;1 ) RSB

A, B: Cucumber green mottle mosaic virus (CGMMYV); C, D: Negative
control; E, F: Cucumber mosaic virus (CMV); G, H: Zucchini yellow mosaic
virus (ZYMV); I, J: Melon yellow spot virus (MYSV)

4 ZSMSETRAMANE CGMMYV K4 F RN R
Fig. 4 The specificity results of visual RT-LAMP method
for the detection of CGMMYV under UV light

2.4 REEWRNL
WGWWV%@&%WMSAKﬁmﬁMN
R BEWRAE AR 54T RT-LAMP #5301, 43 5138
WL O SYTO-9) R4 T W gL
BB AR fE OS2k 2D L /3 B e I 2
JE. R K 5 ME 6 Fin, B Sa L, 24
CGMMV SRR3R R BELE 4. 21X 10° fg/pl. &

PA_EIS 39 BR 8 B 6 38 h 2L 22
2ot (B 5h) A R =0.999 3. PR AR
4. W 6 nl L 7R S AN T dIL S B IR AR ) ik
JE CGMMV A% 1% $1 O e B S 7Y 178y PR 922 3ok
ZREOIOC APRAEFRRE . 28 REUR RIS LY
BT AR P BT AL RT-LAMP J5 A A 4
i CGMMV REERF] 4. 21X10° fg/ul.,

A: 421x107 fg/uL; B: 4.21x10° fg/ul; C: 4.21x10° fg/uL; D: 4.21x10° fg/ul;
E: 4.21x10° fg/uL; F: 4.21x10° fg/uL; G: 4.21x10' fg/uL; H: 4.21x10° fg/uL;
12 B R
A:421x107 fg/ul; B: 4.21x10° fe/uL; C: 4.21x10° fg/uL; D: 4.21x10* fe/ul;
E: 421x10° fg/uL; F: 4.21x10° fg/uL; G: 4.21x10" fg/uL; H: 4.21x10° fg/uL;
I: Negative control

B 6 ZSMET AL RT-LAMP # CGMMV K R E 4R
Fig. 6 The sensitivity results of visual RT-LAMP
for the detection of CGMMYV under UV light

2.5 EMHEHHF
PR 3
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ZBUE 0. 32%~2. 51 % 2 [A] ; 21 8] 2% S 56 2% IR W
TR SEIT AR B R RAE 1. 08% ~2. 69% 2 ],
AT UL, TETE 20 N S 4 A, AR e R BN T 5%,

12000 =
10 000 iz 4o 21310’ fg/uL
7 / ——421%10° fg/uL
s 8000 / ——421x10] 1§/ﬁL
52 / ——4.21x10° fg/uL.
*& 6000+ 4.21%10° fg/ul
® 421x10° fe/uL
4000 421x10' f/uL
4.21x10" fg/ul
2000 P R (Negative control)
0 £ N "
0 20 30 40
5288
Cycle
18
16
Y =23.01-1.80 log,, X
R*=0.999 3
14+
S 12t
10
S

N
o

3 4 5 6 7 8 9

RNAMFEX B
Log,, (RNA concentration)

E 5 RT-LAMP &l CGMMYV H) R 8] 3 e 418
HZLLER (a) REHEDHTE (b)
Fig. 5 The sensitivity results of RT-LAMP fluorescence
amplification curve (a) for detection of CGMMYV and

linear analysis (b)

AW T 5L 04 75 12 B A AR B i B B AR

ETES

%3 RT-LAMP i&ill CGMMV MBI 4iX 1045 R
Table 3 The reproducibility results of RT-LAMP for

the detection of CGMMV

il

SRR N

Group & CV

HPy Intra-group 7.68=40.02 0. 32
8.56+0. 22 2.51

7.3740.03 0. 44

ZH[E]  Inter-group 8.9340. 24 2.67
9.85%40. 11 1. 08

9.2340. 25 2.69

D) 2 Cr Bl NP3 £ b2z

Ct vale in the table are mean=£SD.

2.6 FESKPRAFE MR AR R A

2019 4F 5 A | 2020 4F 10 A ] R IL T4

BT RS VU IR 3 5 3 3% T 46

e DXL Al
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U PR R 4y ) o S5 b 79 T ) 95 IR &0 8 ARLRE b
35 1 B NGl SAB AR R 40 3 WE AR i IR AEIL
7 b DX ST TR W B IR - i 3 gy PR 7 b
FEGN 25 1y, 2 (6 4, RIAAI B LR T
G ZIR AR AT AL RT-LAMP J7ikfi i 5 4 i Ik
LB i 2 O PE R AR o CGMMV TR
PEZE S, 5 A 5 e R A 7 Bk FE T, 35 T SEBRAE R
D — SOtk o A R AR E S ik 5T
RNA #£H) RT-LAMP, %% RT-qPCR ., %25 i 4%

%2 1A #Y Kappa fH#8 1.0 (1~1, 95% Bf5 X
[6]) . FRUIAHT 5T £ 37 A0 3% T % BR 4R B T FL 4k
RT-LAMP J5 37 46 00 52 B A i v i) CGMMV I
L3P RRREE I RT-LAMP Jrik 925856 RT-
qPCR J7 ik B S e ik 4R 4K Iy s A R — 3K
Mo MR TIRGI T I 7 A ot 01T 65 A 7 8 ARG 225 S
KL CGMMV JRIAKIR A2 R B8 AR R K
FE S TRAE T REE , TR RSB SR Fh—F H ]
WP SRR 7 B2

x4 R4 MFENLERFEME CGMMYV #il b XF
Table 4 CGMMYV detection results of four methods on actual samples

CGMMV BHM:4E S %00= /{;y  Positive sample number of CGMMV
HET LR .
o L U Y NN 1T S i G S
Sample Sa@ple RIFILAVIIE 7S LAMP J5i% FELIHIIFIRER Immunoch- R
size Visual RT-LAMP Ik Kappa
of nucleic acid IR AWIE RT-qPCR romatogra-
. of RNA phic strip
free extraction
NG MM/ Cucumber seedling and leaf 40 0 0 0 0 1.0 (1 ~
PEJR4hT  Watermelon seedling 35 5 5 5 5 1, 95% &
#NFpF  Cucumber seed 3 0 0 0 0 R D
PEEGE AP Zucchini seed 25 2 2 2 2
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