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Development and application of a recombinase polymerase isothermal
amplification coupled with CRISPR/Cas12a detection system for bacterial

fruit blotch
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Abstract: Bacterial fruit blotch (BFB) is a quarantine seed-borne bacterial disease in China, causing serious harm to the
healthy development of the watermelon and melon industry. Detection of seed-borne bacteria is of great significance for
the integrated management of this disease. To meet the demand for rapid detection in simple laboratories and in the field,
this study designed specific recombinase polymerase isothermal amplification (RPA) primers and CRISPR/Casl2a
crRNAs specific to Paracidovorax citrulli. By optimizing the reaction time, temperature, the concentration ratio of crRNA
to LbCas12a protein, and the concentrations of fluorescent and lateral flow strip reporter molecules, a rapid CRISPR/

Casl2a detection method was constructed. The results showed that the system was subjected to RPA amplification at

Y5 HEA: 2026-02-04 ; & [E] H#A: 2026-04-10

ESWE : B &K & Wt & TR (2023YFD1401200) « #7 8 4E E /R [ 6 X H R % T (2023A02009, 2024A02007) + B 5% 78 &L E AR
A % (CARS-25)

YEE &I : BT AR B TR « BT DAL U /R S 2o, 7 Sl Wi AR, WF 90 7 I R VR D 2 B s T R AR LR 5 4% . E-mail : 1834301547@qq.com

BIEEE R 55, BIWEFT 0, B 5 100 RV 8 0 35 R AE MU 5744 . E-mail : yangyuwen@126.com

« 82 -



FAT A 03T « BT S AL FLA R, &« IR 6 1 L BE% RPA-CRISPR/Cas12a
PRUTHRS IH AR B) 2 r K RE

E

X ISR 5T

39 °C for 10 minutes, followed by CRISPR/Cas12a incubation at 41 °C for 10 minutes. After the reaction was complete,

the detection results could be directly observed with the naked eye by blue light irradiation or lateral flow strip for 5 min-

utes. This detection technology has good specificity and high sensitivity. Compared with blue light irradiation, lateral flow

strip showed better sensitivity, with a minimum detection limit of 0.000 1 pg-uL" and a minimum bacterial suspension de-

tection limit of 1 CFU-mL". The technology can be directly applied to detect infected tissue grinding fluid and seed soak-

ing solution. In actual seed sample detection, when one contaminated seed was mixed with 600 healthy seeds, it could still

be detected, meeting the high-throughput detection requirements for watermelon and melon seeds. This provides technical

support for seed production enterprises and farmers to quickly detect bacterial fruit blotch in the field.

Key words: Bacterial fruit blotch; Recombinase polymerase isothermal amplification; CRISPR; Detection technology

P4 JINWE R 8 (Paracidovorax citrulli, Pe) & 5] K&
JIZR2H B £ JE BE (bacterial fruit blotch, BFB) [ 15
SER AL AN B g0 B M SR D B B R MR R
TS A% Ut v S A, ™ B e 3 R 7 T
AR IR I T o TR B 1 R T 1965 4F
TE 36 [E 0 2 B N B IR M AR T, 2 5 10 7 SR I F
SEYTHL, 1989 A L= AE R R PRGN BN L gh
9 A Sk By R JE 2 By T IRFVE UG, 244 R R
50%~90% ) 7~ B kP, A, kMNP ED T
1988 4 1 X Hik 38 7 B 78 I ALk P TSR B , B )5
7E 20 tH22 90 AN, 1% FHAE LLZR VB L ig e W N
5t~ AL S T I R 32 7= X B R 2, e AR TG
ESEo% YN i INN i D) \WES| 4 <35 T SWNE i SN -/}
GEAE N Rz i TCA RS I A0y, 2 R R A T AR o
KM B & X . Hrssa i 2 il (6 4
FRY R T fom P, 0 45 B A 3 22 DO A Jfa T 11 i
U TN EE , SR T ] LS5 ISR 4 e M SR B P MR 3 22
— E LR AZ B ™ A A E R 77 B i S
JITR B 25 22 1 TR BN & B B R A0 2

I L (P PO HERR 2 BT e 2R A B IR
ERRE . B 0T P ICER TR P BT B 15 400 32k
AT PR RS R B AR JC R E B H T, IR GH R P
ST PR 0 = T3 5 R LIS S S E AR
MBETTEFEEARFEITE. FHEANRFEEL T
DAS-Dot-ELISA VA" B T~ G 2 1 53 B8 F R &
B 5% S . (IMS-PCRO) FI A 77 ¥57 2 T TaqMan #£
BE (RS2 585 PCR AL IH A, LL R AT PL—22 X 43
U JTUKE R B AN [RI 20 1 %2 3 PCR £R", A 1 S B
FHI H A PREIS I, 275 S MO SRS
38 77 v SR e U IS 4 T M R B 1 B AR AN TR
BB A A IR E T, 45 SR BT, AR T HH
TARBAE ) R, 7 S PR Tz BRI RN

BB KA Y Y (recombinase polymerase
amplification, RPA) »& — ' 1 B ZH i . FL 5 DNA 45
HEOMEEER Bsu REMS5HEEY . %

PR AT T4 W TE A N AL IR 52 L, AR
HHBG uvs XM RS & H Gp32 fERSMEIR 2%
PF T S DNA SRR e 7 1 R0 55 46, Il i
i E e DNA R4 Bsu S UL DNA FI4 31 .
RPA AR AT IE TSN AU TR AR e 5 SR
JE v S R B PR s, AR H & T 2 i f
PRI . R, AR CLESI A R R A I R
F . Rohrman %" % | RPA-LFD $7 A B i3 £ il
HIV, Ff 5Dy S FH I J7 ik Aar U L 35 Hh S2 B DNA
Kersting %" >R F} RPA-LFD H A W 98 i
FERYIE R AT I S A2 Rt N R ZE B A
BRI LB T T JTCAH 1 1 SR B e U o
CRISPR/Cas12a 54t FH AU RS A2 3 18] B e 1] 52
& J7 51| (clustered regularly interspaced short palin-
dromic repeats , CRISPR) 5 #H ¢ #% F{ [iff (CRISPR as-
sociated 12a, Cas12a) 3L [F#4 i . Doudna H]BA"™ K
Bl , CRISPR % 4t 75 89 U #E [5] XU DNA 1 [F i
Cas12a FERF S VR AL TR A )G P 2 A 0T, A
RN HREE DNA AR B VIENE . ZER A%
e R iR e M L DR AT I B A B A A B
ARARH, L2 S5 o s i A 2 2, IE
B L AE AR 9 J T R ks I v B AR R B SV
A A FE AL 38 ST I AR A TN SIS 4 B 1 R B Y
RPA-CRISPR/Cas12a o il £ AR A4 5 , FK %4k 2 N
FH T A7~ i iy 7 ) kB A U, O ISR 4 T
P SRR 1) EH T 2 W AR A 0 2 £ ] S5 4% L R
B v VRS e PR L 45 SR B T R AR
1 #ES I
1.1 i EREIE R &G
BT 2025 4 4—12 HAE R E R EEBEE
VIR I 50 T 5 S T 2H S 5 3 R AT (LA R R AR A
T P B AR ) B AARAE B AR 1. 7O TR PR T
FEZ R GS0 pg-mL ) Y King' s B(KB) 1% 3%
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Table 1 The bacterial strains used in this test

[ A L P S

Strain Bacterium Host Source

pslb65s V9 JNEEFR B P, citrulli FHI Melon AS20G% This laboratory
psibl VERWEER B P, citrulli I Melon A58 % This laboratory
Aac5 VENBEFR T8 P citrulli I\ Watermelon A5G This laboratory
pslbtw14 P NKERR B P, citrulli /Il Watermelon A SEIG . This laboratory
3183 W WETR I P avenae JK# Rice RSG5 This laboratory
2826 RAFREEWEFR B P, cattleyae VE2% Orchid RSG5 This laboratory
B-1 TR I B S BUR AR Pseudomonas syringae pv. maculicola 3% Chinese cabbage A5G % This laboratory
TE-6 HFEE R IKH Ralstonia solanacearum JiH % Tobacco 55 % This laboratory
00383 FE T PR T FE BUW AR Xanthomonas oryzae pv. oryzae JK#E Rice 55 % This laboratory
XV14 U Yo S PR T BRI SR B S M X, campestris pv. vesicatoria i Tomato RSG5 This laboratory

B EEAMK 15 g Bl 15 mL. MgS0, 1.5 g.
K.HPO, 1.5 g,pH=7.0, [E AR 7= FL I I3 E#G 15 @)
28 °CH: 7 s MEF MR R b 55 FL AR )% S B T KB 1
IRk 28 °CHE 77 s KI M 3 K HATAE R R T LB (5
EAME 10 g B EEH 5 g NaCl 10 g pH=7.0, [E A5
FREETR BRGNS 15 @) 3- 5L 37 °CH 3%
1.2 RPA 3|4J%1 crRNA B93& 3 K i 1%
1.2.1 RPA 5|4A=crRNA 9%t K Paracidov-
orax citrulli 1) upgB F: K (MAMA S &= AR D
7 51 (Aave-0609) 1E A S A% DNA J7 51 £E 45 & 1
FPESI) QRN G BED R BR A 7, https://ezas-
say.com/primer) , % { FP GC% RP GC%#l max di-
merisation percentage score 5K 151 9, B R 1% FE b
DNA P8 Cas H H AN XIH(TTTND , F it
crRNA. G N GHEREE R A TR A R A5
122 RPA 3] 442 crRNA # 7% £ RPA ¥ #4%
RPA FEAE S 1887 & (TwistDX A 7 , FEE) 35 B 5
BEAT , Wk 3 BB AT VR 5 JE N TE IR K i RO 2
W, fE 39 °CHE A 30 min. ) PCR i i ik 7l &
(I3 AR I 22 0tk AR D RE A BR A =], TE95) B RPA
P CRISPR AR T e Ji5 21056 .

CRISPR- Cas12a % ¥ & il /& & : DEPC- H,O
13.4 pL (Ab 58 th 7 A B A BR & 7D, NEBuffer
3.1 (10x)2 uL,5 pmol - L"* Cas12a 0.4 uL( NEB 2
7)) ,40 U- L' RNase inhibitor 0.5 pL (R A1k
AR AT),0.1 mol-L"' DTT 0.5 pL CRIEA= bR}
F AR A, S5 pmol - L %% 64k 75 4> T FQ-DNA
0.8 uL, 10 pmol - L' Va-crRNA 0.4 uL , K5 L3 %380
N 78 IR 2 ), IIN 2 L RPA 93477 47)
PR B0 Jim TR S S I 31 SN O 8 & PCR
1% (QuantStudio™ 6 Flex, FEEk Kt REHL AR,
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E 37 °C30 min 25 N AT SIS 58 e A o

Ml ) 3 2 Ak 4R 4% K Wl 4K & - DEPC-H,O
12.2 pL, NEBuffer 3.1 (10x) 2 pL, 5 uymol - L'
Cas12a 0.4 uL( NEB 4 ]),40 U-uL" RNase inhibi-
tor 0.5 uL,0.1 mol - L' DTT 0.5 puL,5 pmol - L' fil]
i J= B ik 4R 2% i 4> T Va-DNA 2 plL,
10 pmol - L' Va-crRNA 0.4 pL, ¥ L _E BN &
N R FE AR AT G, N 2 uL RPA 73874, 1R 3%
B EBNERESKBRBMEF, T 37 CHE
20 mino S 858 BSE K SR B RN 80 uL %
BT K TR G 25 Ja 1 = Al 4R 4% (R ik
AR A R A FD PR iR T s, S
SR IR FR I C M TR R I T 28,3
] RPA [N ¥ rh &4 H FR i DNA 43474 ; tanl
FHHBLC 28, R RPA KN =& A B b
DNA #3774
1.3 RPA-CRISPR/Cas12a &0k R AV4E Hid

B2 1 b R B R DNA /E AR, BLE 3
IKAE B X R, T RPA-CRISPR/Cas12a 651l 14 %
I g3 90 SR A S AR DU AN 1A i E AT iR AR A%
LTRSS E, W B 3 R E S, DU AR5 1
519 B crRNA (14 54
1.4 RPA-CRISPR/Cas12a #&;M{A R 1L
1.4.1 RPA R R BT E#AL & E 64 RPA S B
18], 73 %8 5410415202530 min, J {535 HAth 4
PHETRAS S SN 7 B B I R e R FL Uk A T SR
SR 7 B SR B [
1.42 CRISPR/Casl2a %k X R & F KA BHES
/I CRISPR/Cas12a %t 5 B il B2 #6 i : 37,3839,
40.41 °C, ¥ BN RPA B P24, AR RF HA
S AFEANAR , #E 4T CRISPR/Casl12a % 6 k6 il , il
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T S22 g B PCR AR M FF 1 sk AN [7) e B2 I (]
UG8 AR
1.43 CRISPR/Casl2a 3 XA M4k £ £  Casl2a
H1 crRNA I3 FE ELBI AL « £ FF CRISPR B AR &R
A1 Casl2a W EEH E 4 100 nmol - L', % B crRNA
W PEBR ¥ N 50, 100200 < 500 « 1000 nmol - L™, i
Casl2a 5 crRNA (IR E AR KN 1:0.5 101,122,
1151010, HoAR S S6 AR FE— 20 UGB K PE NI
PEXT R, J 3ok S 26 ' 78 B PCR AR I W 22 AN )
Casl2a 55 crRNA ¥ F5 LL Xt 9% Y645 5 50 B 5
Casl2a Al crRNA & £ I {4 : % B CRISPR
N AR R P Casl2a 5 crRNA HIIREH & M -
400 I 2000 nmol-L'.200 F1 1000 nmol-L"'.100 F1
500 nmol-L"'.50 1 250 nmol-L".25 1 125 nmol-L"
&S MG AR R GFAT R FF— 50 BLE KR
9 B R R A S B 2R O E B PCR AR Wl A []
Casl2a 5 crRNA WKREH & 1085 T amE,
1.44 CRISPR/Casl2a k&4 F K E a9t iL %6
5 > FIRBE AL : BB CRISPR S B A& 5 7k
Jek 5 AW EEEL FE 50,100 200 400 %
800 nmol - L™, oA S B sk AF DR KR 78 4 — 30, LG B
IKAE A BT 38 5t S ¢ )l 52 B PCR A W AN
Ik s e A N A P o8 =R 05 o R D S A
JEXT RIS T VR RE R RE R
RACKAG AR A4k - % B CRISPR J M4k £
OGRS ANREERRE 50.100.200.400 A
800 nmol - L™, FL 4 g 2% R 5 — 8, LA TE H K
VEI BT IR, 2 G0 EL AN R 75 20 1R T 45 1
Sy SR A I S (LR
1.45 RPA-CRISPR/Casl2a B R B ] #E 4L % B
5.10.20.30.40 min 5 > B I 8] 11T RPA 4734,
53 A AN ) B RE B [8) PR = A AR 34T CRIS-
PR/Cas12a Al , i i SEB %6 ' 72 & PCR ARl I
1t CRISPR/Casl12a 5.10.15.20.25.30.35 min 7
AN S JSE N R] FR 5% 't 588 A, LARf 52 RPA-CRISPR/
Casl12a B SR TA] o
1.4.6 RPA-CRISPR/Cas # M|tk & % 4 & FHEHL
1) DNA F1 OD=0.3 [ B 2 2 5l AT 10 £ 85
FEMRE . DNA WKE (p, JEFEDFBEFEZE ) 1 ng-ul's
0.1 ng-uL' 10 pg-pL'v1 pg-puLl'.0.1 pg-pl'
0.01 pg-uL".0.001 pg-uL".0.0001 pg-uL"; B =il b e
BEEE A 10°.107.10°.10°.10*.10°.10°.10.1 CFU-mL",
95 °CIf ¥ 10 min. 737l B 2 pL A~ [A¥R FE 1) DNA
FIB B A ASAREE1T RPA-CRISPR/Cas12a Kl ,

Tff o A U P B (KPR o B MR FERRFE R E 3 IREE,
I 5 Sz 58 PCR 7 VEPHEAT HL L
1.5 EYELN KT HERAET

53 5 B B AR 0 i B I B 2538 4 5L
FLHZL0.1 g, N 2 mL B0E I 800 uL &
B K, B EE 78 /0 W B J5 5 B 5 min, B B3
VRIS s 4 N TR TR ) BRI, 100 K i
FhF R VR A 10 K0S R 1 REH B AP T, 200 i
400 i F1 600 Fi i JE b+ 43 VR A 1 kL 1 AR
T, BN 20 mL 8% 50 mL () JE T B0 R, D
& & K CRAB A 729 HD 5 28 °CL 200 1 min'!
PERE 5 min 5B ETHE AR AR SR FH ARG
J 73 57 ) RPA-CRISPR/Cas12a & R AT R , 4 iy
325 R qPCR 45 AT X b

2 SR

2.1 RPAS|4git K iFik

wit 4 XF RPA 5% 4 4 crRNA, 5| #1152
PR 2. RPA S WTik o =5 AT, S — 52519
i 6 , S I 1) R4 51 GE & R4 VE N1 514
SRR GC & & &) /1% Fr A 1R 7] 51 4, 25 31
BoR (B 1-A)f %4 1H FI+R4 fl F2+R4. 2
WSk K E [ F1 AL F2 5406 Bir 1 5 1 51
YIkAT iR ik . S5 R BN (B 1-A)H M N Fl+
R4.F2+R2.F2+R3 M F2+R4. #=#5|¥FFik %
F1+R4.F2+R2.F2+R3 1 F2+R4 i#47 qPCR 1,
R4 (B 1-B) i WL F2+R4 J& gl 28,
IR E F2+R4 /£ RPA 3718519, T e Ja SR 56
2.2 crRNA 97k

BT 4 2% crRNA 514 crRNA 1~4 % [
1.2.2 H1[#) CRISPR = A4 FEAT 2 el , i it 5
FEMEE 2 5 78 B PCR AN 78 6t B, s 14 A 1
crRNA. ZERE/R(E 2), % N crRNA1~4 55
FEXS IRt , Bt A BRI T] (R 3G 0, ' 5 &
PCR £l o crRNA4 {5 5 {E 1 25 min J5 & T
crRNA1~3, iIRZEE KM 28 crRNA4 5% T crRNA1~
3, SR BT E crRNA4 1E4 gRNA H T 5 84150 .
2.3 RPA-CRISPR/Cas12a &Mk R p4E F 4

18 I % 37. 1) RPA-CRISPR/Cas12a 14 % 43 il %}
76 TG TR T e 22 W PR B R A SE S MR A . T & B
A B B 0 A P R R R A U AR B L
FFEE IR K B B BT 9 S 2 5 BT AR B U0 B0 AR
FlgEAT R, LATG B KA A BT IR . 25 R BoR
(B 3), B8 T RA Pe i B = A B 1%
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Table 2 Sequences of primers, reporters, and probes

EU CIE/E i 731 &
Experiment Primer name Sequence Note
RPA ¥4 Ac-F1 AGCGAATTCCAGCCGTCCACGCTCAGCAAGG AT 5T BT
RPA amplification Ac-F2 CCACGCTCAGCAAGGACCAGCAGATGGCCGA Designed
Ac-F3 GCCAAGGGCGTGAAGGAAATCTCGGTCGTCT :Zlg;‘s
Ac-F4 GAAGCTGCAGGCCAAGGGCGTGAAGGAAATC
Ac-R1 GAGGTCGTGCTTGACGGTGATGCCGGTGATT
Ac-R2 TTCCTGGATGAGGTCGTGCTTGACGGTGATG
Ac-R3 CGTCGCCTTCCTGGATGAGGTCGTGCTTGAC
Ac-R4 GTCGCCTTCCTGGATGAGGTCGTGCTTGACG
crRNAI UAAUUUCUACUAAGUGUAGACGGAGACGACCGAGAUUUCCUUCA
crRNA2 UAAUUUCUACUAAGUGUAGAGACCGCCCUGGCGUUCGCCGCCAC
crRNA3 UAAUUUCUACUAAGUGUAGACCGAGAACGCCUUGGCGAGGGUCU
crRNA4 UAAUUUCUACUAAGUGUAGACCTTCACGCCCUUGGCCUGCAGCU
CRISPR 7% Y46 FQ-reporter 6-FAM/CCACCC/BHQ1
CRISPR fluorescent detection
CRISPR iR 4G5k Al FB-reporter 6-FAM/TTTTTTTTTT/Biotin
CRISPR lateral flow assay
S 9% 9 52 & PCR A. citrulli-FP  CTGATAATCCTCGGCTCAACA [21]
Real-time PCR A. citrulli-RP  TGAGCGCATTTCTGACGAG

A. citrulli-P AAGAAATACGCCCTCGCCAATCTCC-BHQ!I

1-1 1-2 1-3 1-4 M 1 2 3 4
2000 bp
1500 bp 2000 bp
1000 bp 1500 bp
750 bp, 1000 bp
500 bp zgg Ep
P

250 bp
100 bp|

250 bp
100 bp

5% F1+5| %) R4 Primer F1+ primer R4

B
0.41
0.36

0.31
= 026
Z 021
0.16
0.1 ]

0061 === 4%

0.00

65 70 75 80 85 90 95
iR Temperature/°C

7 : A RPA BEZHLVKZE S B, qPCR I ZE . B A 6 1-1~1-4 43 5I103K F1+R4.F2+R4.F3+R4.F4+R4; 1~8 73 Hf8 %K FI+R1.F1+R2
F1+R3.F1+R4.F2+R1.F2+R2.F2+R3.F2+R4.

Note: A. RPA gel electrophoresis results; B. The results of gPCR melting curve. In figure A, lanes 1-1-1-4 represent F1+R4, F2+R4, F3+R4, and
F4+R4, respectively; 1-8 correspond to F1+R1, F1+R2, F1+R3, F1+R4, F2+R1, F2+R2, F2+R3, and F2+R4, respectively.

1 RPA 5|7
Fig. 1 Screening of RPA primers
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FAT A 03T « BT S AL FLA R, &« IR 6 1 L BE% RPA-CRISPR/Cas12a

% AN . 1 iX B B T
B B AR 0 7 27 BT
5|%) F2+51%) R2 Primer F2+ primer R2
0.41
0.36:
0.31
026
& 021
0.16
0.11
0.06. 7N -
0.00
65 70 75 80 85 90 95
i & Temperature/°C
514 F2+5|%) R3 Primer F2+ primer R3
0.31
0.26
021
s
2
I 0.16
0.11
0.06
0.00
65 70 75 80 85 90 95
¥ Temperature/°C
519 F2+51 %) R4 Primer F2+ primer R4
0.46 i
0.41 / \
R 0.36 ‘I
2 031 “.
0.26 J ‘\\
0.21 | \
0.16 " \
IR L. e—— owemme ,A
0.00 —. 7
65 70 75 80 85 90 95
&% Temperature/°C
1 (&)
Fig. 1 (Continued)

LA B R AR L5, R IR AR St R Pe HE BB
S PR BE PRSI 2, A BRTAAR AR H 30 BE PG I 2%

2.4 RPA-CRISPR/Cas12a#&M{k R 1L

2.4.1 RPA R B B RVARAL B i B vt Fe FEL Uk 45 IR
BoR(E 4), M 5 min B A 0082 5] H bR 4607, (24
AN 2 5 [ N AR SE 2 20 min I, H FR 46 15 AT
WL B2 FE B WA T

2.42 CRISPR/Casl2a B & & B # 4 CRISPR/
Cas12a 7t 45 R o (B 5, ROG(E 5 5m E bE
5 S N FE T = T 3 5, 5% 2 B PCR RS IR 1) 5%

S A REE 2 8K . g 1 T A2 PR T ] A6 A A
T R B R ESR, 1 41 °CHE NG SR 1 1
g Yo

2.4.3 CRISPR/Casl2a 3 A4k £ 69 £4L  LbCasl2a
B A crRNA R FE Lu i i1k : CRISPR/Cas12a %
JeAs gt F 5 R (B 6-A) , 24 LbCas12a AWK E N
500 nmol - L'\ Cas12a fll crRNA KM LL A 105
i, 98 15 S E A, N 2 794.322 RFU. crRNA ¥
JE Kb F I AR EGE K e S R IR 65 5 3
ToVFIEBIE(E . BT, IR LB e N 105
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A Q\@»“ —e—CK CcrRNAT crRNA2

crRNA3 —@—crRNA4

\ VIR ¢
> >
$08”$ b

4000
2
& 3000
2 P:b P,b‘ B
i ;;%’ 2000
R g
K g
S 1000 |
o
3
E
u_‘ 0 1 1 1 1 1 1 ]

0 5 10 15 20 25 30 35
B 7] Time/min

A, R[] crRNA [ CRISPR 4152 6525 : B. /R[] crRNA [ CRISPR A4 11%¢ Y6 /5 54 : C. AS[A] crRNA ] CRISPR iR 484 A4 45
Note: A. Fluorescence intensity of CRISPR detection with different crRNAs; B. Fluorescence signal value of CRISPR detection with different
crRNAs; C. CRISPR test strip detection results with different crRNAs.
2 CRISPR & 1{E crRNA B9 %
Fig. 2 Screening for the optimal crRNA in CRISPR

o ¢ A
A b SO0 (@O B —e—CK psIb65 3183

r T % — 2826 —e—B-1 —o— 00383
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Note: A. Fluorescence intensity of different bacterial strains; B. Fluorescence signal values of different strains; C. Detection results of strips test
for different strains.
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Fig. 3 Results of specificity test
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Fig. 4 Gel electrophoresis results of RPA amplification at different reaction times
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Note: A. Brightness of CRISPR/Cas12a at different temperatures; B. Fluorescence signal values of CRISPR/Cas12a at different reaction temper-

atures and times.
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Fig. 5 CRISPR/Casl2a detection results under different reaction temperatures
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H 5, 1k LbCasl2a 3K JE N 100 nmol - L' 5
crRNA K &y 500 nmol - L' LA, %65 S1E N
2 198.323 RFU, #H47 f5 246 o
2.4.4 CRISPR/Casl2aik &4 T KA 9L K
e P g3 U FE T 2 ' i FE ) e 45 R o (B
7-A) , RNAT S B s T IR FESE 35, Hk 5 40
TZIUREEIA ) 800 nmol - L' B, K N E S E &G .
SR, 25525 FEAR I SR AT 29 A, BA 200 nmol - L
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SAMNRERSE REWE 7-B), EERE 5 FIRE
(1) Tt i Aar N 2% 5 32 T N 5 7E 200 nmol - L B, A
M2k AR TEW . MCLZKRE 200 nmol - L' 1E
ARG MR R AR ARG R S o IR
2.4.5 RPA-CRISPR/Casl2a R & B ] 4 4
RPA J 5 10 min (7= PSR , 12E47 AN (7] s 82 1 ]
() CRISPR/Cas12a % afill , LLi%EF$ RPA-CRISPR/
Cas12a 1& R 1A e il ] . 25 3 2o (B 8), M
SR 10 min FFUGRIA B B OG1E 5, 205 5 9m
J5£ i A5 4 1 B ) PR3 N T B A . A T R P
DA v R BB B R K 10 min AF N 5 S8R5 Y
%A

7E:A. LbCas12a ¥ 9 100 nmol- L, crRNA A A 5T B. LbCas12a 5 crRNA AR EH AT . K& A 1 50~1000 nmol - L' 43 5l
AR crRNA AR ; B B 1 1~5 A3 LbCas12a 5 crRNA AR A, 43 )2 25 Al 125 nmol-L';50 F1 50 nmol -L™"; 100 F1 500 nmol - L™';

200 F1 1000 nmol-L™";400 F1 2000 nmol-L".

Note: A. LbCas12a at a concentration of 100 nmol - L™, with fluorescence intensity under different crRNA concentrations; B. Fluorescence inten-

sity under different concentration combinations of LbCas12a and crRNA. In figure A, 50- 1000 nmol - L'' represents different concentrations of

crRNA, respectively. In figure B, 1-5 represent different concentration combinations of LbCasl2a and crRNA, which are as follows: 25 and

125 nmol - L"; 50 and 50 nmol - L'; 100 and 500 nmol - L"; 200 and 1000 nmol-L"; 400 and 2000 nmol - L".
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Fig. 6 Amplification efficiency at different crRNA concentrations
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Fig. 7 Amplification effects of reporter molecules at different concentrations
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Fig. 8 Brightness of CRISPR/Cas12a at different times | CFU-mL" I [0 75 R 4% S A S R 2 .
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Note: A. Fluorescence Intensity of Different DNA Concentrations; B. Fluorescence signal intensities of bacterial suspensions at different concen-
trations; C. Test Strip Detection Results of Different DNA Concentrations; D. Detection results of test strips for bacterial suspensions at different con-

centrations.
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Fig. 9 Sensitivity results of BFB dectection
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Table 3 Test results of actual samples

RPP-CRISPR/Cas12a Flis 6l

AURFER  Rapid detection by RPA-CRISPR/Casl2a  APCR Al

Melon - - - qPCR

sample ST iy ] detection
Fluorescence detection  Strip test detection

CK — — —

25 Stem 4+ 4+ ++

SR +++ +++ +++

Cotyledo

HRIFT 44+ +++ +++

Single seed

100+10 +++ +++ ++

100+5 +++ +++ ++

100+1 +++ +++ +

200+1 +++ +++ +

400+1 +++ ++ +

600+1 ++ + +

TR FC100+107“100+57“100+17“200+17“400+17“600+1" 53
HIAATR 100 K fi BEAT 1~ P 20 BT & 10 KL 5 KL 1R B AT, 200
K400 KA 600 K i FER -1 b 23 SR A 1L TR A1 “—" AR
P 7 ARRBA T L B+ B 1 0 B PR P2 o

Note: In the table, the notations “100+10”, “100+5”, “100+1”,
“200+17, “400+1”, and “600+1” respectively represent 10 pathogen-in-
fected seeds mixed with 100 healthy seeds, 5 pathogen-infected seeds
mixed with 100 healthy seeds, 1 pathogen-infected seed mixed with 100
healthy seeds, 1 pathogen-infected seed mixed with 200 healthy seeds,
2 pathogen-infected seeds mixed with 400 healthy seeds, and 1 patho-
gen-infected seed mixed with 600 healthy seeds; “—” indicates a nega-
tive result, while “+” indicates positive results and their intensity, with

the positive intensity increasing as the number of “+” signs increases.
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CZE T D IR B VR R 32 9 (3 1 92> T
DNA $&HUR AT, s 1 AT [a) o 1224 A s il
REUE R, v LU RO 600 g e Rt 1R 1ok
B, SRR B ) e PR A . 1R
ARNFIHE 5 ZAE R TAE N TR 72 72 Al 25
PEAAE T — P A7 B v 20 I S A B SR B e A U
J5 e

S35 3Rk
(1] FeAE, MROBE b e, 25 K20 o SR [ S 73t

JEE[I]. R KR, 2022,35(7) 1 1-5.

[2] Webb R E,Goth R W. A seedborne bacterium isolated from wa-

termelon[J]. Plant Disease Report, 1965,49(10):818-821.
[3] 5Kk, Rhodes B B. — Bl &% M 1 74 JICHT o3 5 « 4 o 1 SR S5

.91.



IR BT R I fE R % #139%
JEPEIFE[I] . E PE R K, 1990, 3(2) :44-45. the functions of the products of bacteriophage T4 recombination

[4] =T Mg, TRoE M, S TR IS v 1 S B S BT 5k genes, uvsX and uvsY[J]. European Journal of Biochemistry,
JE[I]. H E KR, 2022,35(9) 0 1-8. 1985,148:127-134.

[51  ZEEGWL, FAREL, Bk . 5E vh I E I b A e IR Bont 5 4 [14] Rohrman B A, Richa Rds-Kortum R R. A paper and plastic de-
W] B4 31, 2024(29):176-179. vice for performing recombinase polymerase amplification of

[6] REsom, X%, £RE, % . R DAS-Dot-ELISA Fa il ¥ /R 4t HIV DNA[J].Lab on a Chip,2012,12(17):3082-3088.

T 1 B P BR (0] AR ) 38R, 2010,37(10) : 1551-1556. [15] Kersting S,Rausch V,Bier F F, et al. Rapid detection of Plasmo-

[71  Walcott R R,Gitaitis R D. Detection of Acidovorax avenae subsp. dium falciparum with isothermal recombinase polymer aseam-
citrulli in watermelon seed using immunomagnetic separation plific ationand lateral flowan alysis[J]. Malaria Journal, 2014,
and the polymerase chain reaction[J]. Plant Disease, 2000, 84 13:99.

(4):470-474. [16] ZEHp, XIRDS, Ju A o, 55 . 2T RPA-CRISPR/Casl2a {17 i

[8]  SRAFM,ALAH], W, & . 6 JINAH T 11 SR 0% B (¥ 16S rDNA FE 95 2 A AL 7 iR K E SL[T] A A TR, 2024, 50(4) -
FE 50 93 A e S5 A 51 0 £ (] R0 B 2 4, 2007, 37 235-241.

(3):225-231. [17] kg, dKEER , SEBERH , 45 . AL KO0 141 19 RPA DR 42

[91 I3, 4L B, Schaad N W, %5 . 1A 25 IV B4 14 SR K095 BT Uik AREHERI] PRI, 2024,50(4) :242-249.
K7 VA B SE[I] . o R MR, 2007,40(11) : 2495-2501 (18]  TF/R7, TE/ANKS  BLEL , S5 . 75 VAT 1 S5 B3 1 B3 PRl W

[10] #E3C, Feds, XA, 45 JEF 2 5 PCR A 76 JINLE R B Bt RPA K 5 v 160 2 57 (0] WYL A ML 27 4, 2022, 34(7) «
I ARSI T3 P LRI [T] R OR3P 5 2022,48(4) 2 211-219. 1519-1528.

[11]  RFEFr T, B &, 55 R HR A SRR 8 7 VL Pusas [19] XUBess, 208, /e ff4h , % . JET- CRISPR-Casl12a £% B A I B
N0 JISH 240 7 A SR B3 TRV 28 J30 40 T 92 % 0 03 T (0] L) DR FUBEIR[)]. SEE A BEE 1 2024,45(8) :94-98.
2F4R,2018,45(6):1235-1241. [20] Tian Q, Feng J J, Hu J, et al. Selective detection of viable

[12] Piepenbur G O, Williama C H, Stemple D L, et al. DNA detec- seed-borne Acidovorax citrulli by real-time PCR with propidium
tion using recombination proteins[J]. PLoS Biology, 2006, 4 monoazid[J]. Scientific Reports,2016,6(1):35457.

(7):e204 [21] kgLl B . — IS LI B 14 R 9 14 RPA A Il 51

[13] Yonesak T,Ryo Y,Minagawa T, et al. Purification and some of Wy FREE BAGI J51 :202111666812.6[P].2022-04-05 .

.92.



