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Abstract: Objective To establish a rapid, sensitive and specific detection method for 4 diarrheal bacteria (Salmonella,
Shigella, Vibrio cholera and Escherichia coli 0157: H7) by the Clustered regularly interspaced short palindromic repeats
associated protein 13a (CRISPR-Cas13a) combined with recombinant enzyme-mediated isothermal amplification (RAA) ,
called RAA-Cas13a. Methods In this study, the specific primer for RAA and CRISPR RNA (crRNA) of 4 different
diarrheal bacteria were designed. The sample nucleic acids were amplified by RAA, and the amplification products were
then detected with CRISPR-Cas13a. Compared with real-time quantitative polymerase chain reaction (RT-qPCR) , the
sensitivity and specificity of the RAA-Cas13a method were evaluated. Results The established RAA-Casl13a detection
method for Shigella, Vibrio cholera and Escherichia coli 0157: H7 had the detection limit of 10 copies/pL, the detection
limit for Salmonella was 1 copy/pL, and each bacteria did not have cross-reaction with the other ten bacteria. Meantime,
the detection of the RT-qPCR and RAA-Casl3a were highly consistent in 200 suspected samples and 40 artificial
simulation samples (Kappa=0.927 and 1.000, respectively). Conclusion The established RAA-Cas13a detection

method has the advantages of high sensitivity and strong specificity. It can quickly detect and screen diarrheal diseases
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caused by 4 pathogenic bacteria.

Key words: Recombinase aided amplification; CRISPR-Cas13a; diarrheal bacteria; molecular detection
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CTP ., Premix Ex Taq™ (Probe qPCR) ( 4 L1 K
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BB EE L 2 R 2 EIE S 000 r/min
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KW VERE AR 3 Uk, JF T R BT U B I, AR R
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A% S 1 40 T DA R 4 PP T 3 mL LB 8% 3R A
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200 L F5 $E BURE A I A He i, 58 LR % B A0 B A% R
PRI P SR T L N 4 DNA. B FEAR (%)
% 12 32 BUM 4l TIANamp Genomic DNA 2 BUR 7 &
it U6 BA 5 AT, BT A3 R R A A7 T -80 Ca¢ Hi .
1.2.2  514i% 3 M crRNA il &

FEXFVP TR invA BRI R ipaH JEPH K
FFE O157: H7 1foE B& A2 LN e P,
GenBank K2 5 1 V5 9 I 18 Fr 5+ 6 9 DNA ¥ 51,
I e AR 5P 19 7 51 X 3k B Primer 5 %18 %3 RAA
P59, 1R ) Primer-BLAST #4456 1E 51 9 )%
SR RS . BETT A4S N erRNA % SRR 31
i T7 B3 FF 3 (5°-TAATACGACTCACTATAGGG
-37) o CrRNA §% S (W B 70 wmol/L) A T7
RNA RGHE i 1T1B k455 (42 °C 2 h) , B J5 fi H]
Recombinant DNase 1 #1758 SR 5% (37 °C 1 h,
80 C 2 min) , AR ML Sl 25 19 cxRNA 774 1) A
RNA Pl v 45 2l Ak 38 70 &5 9547 44k, I A Qubit
2.0 XAl Qubit ssRNA BR Assay i 7] & ¥£ 17 RNA
EEIME . AWFIER RAA 514 K RNA it & H4&F
PymAd TAY TR LA RAE &K, BiEGER
W& 1,

%1 RAAGIW .crRNA FIl RNA L5 #REF £ 5

Table 1  Sequences of RAA primers, crRNA and RNA reporter probe
i J 514/ BB 2 B Fe3(5'-3") Fr BUKEE /bp
invA-RAA-F TGTTGTCTTCTCTATTGTCACCGTGGTCCAG
I sinvA invA-RAA-R TAATACGACTCACTATAGGGTACCGGGCATACCATCCAGAGAAAATCGGGCCGC 127
invA-crRNA  GACACGTTCTGAACCTTTGGTAATAACGGTTTTAGTCCCCTTCGTTTTTGGGGTAGTCTAAAT
ipalH-RAA-F CGATAATGATACCGGCGCTCTGCTCTCCCTG
B sipal ipaH-RAA-R TAATACGACTCACTATAGGGCTGAAGTTTCTCTGCGAGCATGGTCTGGAAG 177
ipaH-crRNA  TATCTCATCCACAAAATGGAGAGTTCTGGTTTTAGTCCCCTTCGTTTTTGGGGTAGTCTAAAT
Je b rfbE-RAA-F TGTAATTGAAGATTGCGCTGAAGCCTTTGG
rfbE-RAA-R TAATACGACTCACTATAGGGTATGTACAGCTAATCCTTGGCCTTTAAAATG 217
O157:HT::fbE rfbE-crRNA TTCACCTGTAGTAATAGTTTTATTTCCAGTTTTAGTCCCCTTCGTTTTTGGGGTAGTCTAAAT
ctx-RAA-F TAAAGCAGTCAGGTGGTCTTATGCCAAGAGG
BEALINE : cix ctx-RAA-R TAATACGACTCACTATAGGGTGGGTGCAGTGGCTATAACATATATATAATAAG 251
ctx-ctRNA TCAAACTAATTGAGGTGGAAACATATCCGTTTTAGTCCCCTTCGTTTTTGGGGTAGTCTAAAT
— RNA-probe FAM-TrUrUrUrUrUrC-BHQ1* —

227K RNA—-probe H1 v A8 2 56F 0 68 3% J A% 11 5 2% GenBank HF B #E A9 JE )5 41, B 01U 1T 6 invA (B 555 : CP082595) L 5 B 1 ipaH (%5 5%
5 :CP054913) RIGHTH 0157 H7 rfbE (& 55 . CP039834) \EFLINE cix (B 57 5 : CP046837) 514

1.2.3 RAAPHIAR

Z: I RAA A5 500 & U W1 F B & 50 wL RAA
PREUR R < R TR G 3 Ak RN 0T A R YOI AL 2
LA ZZ v 25 WL RAA IEJ H 54 (£ 1)45 0.5 pL

(U550 0. 24.0. 48.0. 72.0. 96 wmol /L) ,RNase
free ddH,0 19.5 pL, IR G 7E48 & LN A4 DNA
FEA 2 wL, 7EERE LINA LBRBEVE TR 2.5 pL, %
N4 A B6100 18 I 4k 37 1 A3 E R R 5, T
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37 °C\39 ‘CHI 40 "CAF T ML 10~60 min.
1.2.4 CRISPR-Cas13a il {k &

CRISPR-Cas13a K il {& 5 : 5xZZ #p L 5 pL( %
e B 20 mmol/L. HEPES, 60 mmol/L NaCl, 6 mmol/L
MgCl,, pH 6. 8),25 mmol/L NTP mix 1 pL, Recombinant
RNase Inhibitor 0. 5 wL, 1.2 wmol/L crRNA 0. 6 pL,
10 wmol/L. RNA-probe 0.5 pL, 1 pwmol/L CRISPR-
Casl3a 1 wL,T7 RNA Polymerase 0.3 wL, A RNase
free ddH,0 #MERFLZE 23 wL, MIA RAA 724 2 ul,
REVEE T F1620 2GR ML, 78 39 CAR AT
40 min,

1.2.5 RAA-Cas13a ¥ R U5 RS 52 PR 56

i RAA S WX 4 T i35 i Dt 1 1) A% IR 1 4T
1Y, 58 B XY HE P W g AT a4k . 1 Qubit
dsDNA BR assay & i 12l 5l & X 2l b 7= Py ik 47 7 1 .
K PLF 2 X H 2 dsDNA [ 45 DL %7 . { [ 6. 02%
10"“xdsDNA ¥ & (ng/wL) x10°] | /[ 660x %t i DNA
£ £ ], ] RNase free ddH,0 il & 4 Fi B € & 5
1) dsDNA b #fE i (10°~107" copies/pL) % H o R

PR 2R 2 I UL A T I W v B RN IR B O RAA YT
B i [E]  CRISPR A I B[] 4 A~ 52 w0 K 2, I PF M 4
L1 RAA-Cas13a Jrik M REE SR EL 3 IR,
SRS DL ST B RAA-Cas13a J5 1549 01 % 455 Fh i
505 J5 B AU A 10 40 T BR TR Bk (V0 11 7 L A
W R WA 0157: H7 B LR | 4 B (0 8 4 2k
PRI BPL R A 1S A 2 0T A CC A 2l Bk A R ol
I /N 45 W R MR AR TE LS I Sl R B 45 9K
PR S TR, SR A 3 Ik
1.2.6 5 RT-qPCR K I &5 5 1 — B0k H g

200 7 5% bR FE A 43 51 ] RT-qPCR Al RAA-
Cas13a J7 ¥5 #EAT R, JF bb % 0 Bh 7 3 XoF 52 bR A
AR I 25 5 . 4 FPE VS s R R RT-qPCR 51 4 Fil
PECRET B A T AW T/ Bl A BRA &, B
HAE B W 2, RT-qPCR (10 wL) : Premix Ex Taq
5ul, ETFFSI Mo G A4 0.2 pL, DNA (#
M) 2 pL, ddH,0 2.4 wL. RT-qPCR /2 W 2 JF .
95 C 2 min; 95 ‘C 55,60 C 20 s,45 M ;25 °C

2 min,

#2 RT-qPCR 5140 RI2¢ G4 £ P31
Table 2 Sequences of RT-qPCR primers and fluorescence probe

9 S5 TR 519/ AT 4 Bk JF51(5°-3") A BEKE /bp
invA-F GTGAAATAATCGCCA CGTCGGGCAA

W inwA? invA-R TCATCGCACCGTCAAAGGAACC 285
invA-P FAM-TTATTGGCGATAGCCTGGCGGTGGGTTTTGTTG-TAMRA
ipaH-F GAACTCAAATCTTGCACCATTCA

BIH < ipaH™! ipalH-R CGTCCGTCCGAGAACAATTAAG 107
ipaH-P Cy5-ATCCCCGACACCGTTTGTGAGTTTCACT-BHQ-3
stxl-F CTTCCATCTGCCGGACACATA

KIGHTF# 0157 :HT 2 stac 1™ stxl-R ATTAATACTGAATTGTCATCATCATGCAT 87
stxl-P ROX-AAGGAAACTCATCAGATGCCATTCTGGCA-BHQ-2
toxR-F GTTTGGCGAGAGCAAGGTTT

FE LR : toxR toxR-R TCTCTTCTTCAACCGTTTCCA 165
toxR-P FAM-CGCAGAGTCGAAATGGCTTGG-MGB

1.2.7 AT 5 YL R 506

et 22 L 9K B s o TR AR 4 D T AP Al 37 °C
i g% 16 h, PRBUCREVE 1 0. 9% S Ak B4 7K 75 8 i il
PR (M 1x10° CFU/mL Al 1x10° CFU/mL) . fff
FH A 52 36 3 0 A7 04 il e N 215 {58 0 AR 552 55 199 285 58 A
st HIF A 3 7k ] A S AR AR 20 13 5 B T Ak B2 K
I B AR A HEAT 10 1R AREE T 37 C
By IR 6 h 15 5] 20 iy ZEERBAUFRAS , [F] B 1% 5 XF
LA Yo B FEAE AR AR 20 3 VE by B PR B SR
bR A% 4% B ff FH DNA/RNA $2 B0 57 6 82 5, I %
RAA-Cas13a 5 RT-qPCR T A G I J 2k 45 SR % e .
1.3 Git2:br

fdi ] SPSS 24. 0 B AT Ge 127 o0 o i T
BT ¢ A6 55, T BORORHE T FE X 3 #5552 (McNemar
R ) , XL P<0. 05 HlE 22 R A Gt L.

2 H#R
2.1 RAA-Cas13afill 5 vk 0y £ 57

PL CRISPR-Cas13a £ M 5 %6 15 [8] H B 55 5k 2¢
HeA5 5 R EN], X RAA 514 ¥k BE | I N i BE it
(] G D0 B[] A7 0 B P Ak o DAVD T S ], il
dsDNA #rifi b #E4T RAA-Cas13a J7 VAT, 7E RAA
19 BE R 0. 48 wmol /L, 2 I i FE A 39 °C L W
it 8] & 30 min B, CRISPR-Cas13a K&l 47 3% 7= 4 75
5 min B BIAT B0 A 3R 45 5 (181 1A, # E e L5149
WeBER 0.48 pmol/L. AN[R] RAA S B i B (37 °C .
39 CHI1 40 C)LE R 8%, 39 CA&M T RMAE S Kk
(E1B) B2 et RAA RN 39 Co RAA
NEFSE] B2 CRISPR-Cas13a #Asf [A] 45 5 7~ CRISPR-
Casl13a 7€ 5 min BP A XF RAA JZ W 30 min 1 7= 4y 12
PRI (I 1C) o BT LA & RAA-Cas13a £ I 5 A
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Figure 1 ~ Single factor screening results of RAA-Cas13a detection

J R 4% F AR cRAA SI4WEEH 0. 48 pmol /L, RAA 5 BIVEXT FRZH (ddH,0) K6 W 5% S0 (B AT 5 1 22
SRR 39 ‘CLRAA KRB [E] 4 30 min, CRISPR- (P<0.01) , i & U0 1] & S AR A U BR 4 1 copy/p L
Cas13a il B 6] 24 5 mine HAy 3 B 40 TE S A R (El 2A) ;i3 7 dsDNA Fr#fE 5L 10 copies/pL 5B

KSR 2 - X B2 (ddH,0) Kz i 26 S (H B A B & P22 7 (P<
2.2 RAA-Casl3a R 356 0.01), i & B B B ARAG I R & 10 copies/wL(J& 2B);

2.1 1 E 1 RAA-Cas13a 5 X 4 g 15 9 FERLINE dsDNA FRUE S 10 copies/ L 5 B 4 X} 18
T TR AN [A] BB B B B Y dsDNA b5 M & E 47 8 0 , T 20 (ddH,0) i 2% 6 (8 B A7 B 3 P 2 5 (P<0.05) ,
K2, 251 BN, 71T T# dsDNA AR E S 1 copy/pL it 2 LN B B KA T FR 24 10 copies/w L& 2C) ;

; s
60 000 ! | st
i i
e ]
5 =
E£40000 [ T sl
i
2, L
® 0000
0 o : H
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Y elole
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2220000 = 50000 LBl I N \ =
0 i_ 0 k % & § E ol X
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dsDNAK [ /(copies/uL) dsDNAK % /(copies/uL)
(& D

A NV TTE B dsDNA FRUE S (107~107" copies/pL) 5 B 9 &5 B (19 dsDNA AR VE & (10°~10° copies/wL) ; C A 2 LI R 9 dsDNA bR 7 fh
(10°~10° copies/pwL) s D Jg K AT 0157 : HT [¥) dsDNA AR E i (10°~10° copies/pL) s NC = BT BE4T (ddH,0) 5 15 22 28 R - 24 B b ofE 2%
Horb =3, n N 8 5 BAVE X BEAE (NC) FLAE, * 2 P<0.05, #%: P<0.01, %% P<0.001, ns : B0 A Wb & 1P 22 57
2 RAA-Casl3a kil 4 F i V5 95 J5 B R 650U iR 56

Figure 2 Sensitivity tests of RAA—Cas13a detection for four diarrheal bacteria
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KIHFF B 0157:H7 dsDNA #5510 copies/uL 5
B 1 % HE 2 (ddH,O ) A6 I 2 56 {1l B A7 b 35 M 22 %
(P<0.01) , 8 & KIHAF T 0157 : HT7 S KA I FR
10 copies/L(El 2D),
2.3 RAA-Casl13a4f 55

PL#E 7 19 RAA-Cas13a J7 343 BT V0 1T L&
B CERLINE KGRI 0157 H7 ., 4 B €0 3 4 Bk
R PR 0 i 16 AR 2R T R T L 2SR BRI I P 9K
W /N 45 T 9 B R AR AL A5 T i o S B A K v
PEATARLIN o &5 5 7R, 3 ST 0 AN [R) IV 9 It TR A
Oy A SRR 5 Ay 10 R RN 2 628 R
I 3),
2.4 RAA-Casl3a5 RT-qPCR £ 2% 5 i — Bk
b #5

FEHL 200 3 SZPREEA DNA %2, J RAA-Cas13a
F RT-qPCR WA 7 325 43 S A AL A b g 10 1] 7 LR
PR B AL AR AT 0157:H7. 45 3R o,
RAA-Cas13a 6 3 V0 7 3 FHPEREAS 17 L B P %

50000

40000

8. 5% ; B BHPEREAS 18 1y, FHIE R 9. 0% ; ZEHLIK
B PHYEREAS O 4y, FHE R 0% ; KIAATH 0157:H7 FH
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Figure 3 Specify tests of RAA-Cas13a detection for 4 diarrheal bacteria
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Table 3 Consistency comparison of RAA-Cas13a and RT-qPCR methods test
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Table 4 Positive rates of RAA-Cas13a and RT-qPCR in

different pathogenic bacteria
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Table 5 Consistency comparison of RAA-Cas13a and RT-qPCR in detecting Vibrio cholerae stool samples
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