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ABSTRACT: The clustered regularly interspaced short palindromic repeats-associated (CRISPR/Cas) system is an
adaptive immune system based on prokaryotes such as bacteria and archaea, due to its advantages of
programmable and easy operation, CRISPR/Cas system has been developed as a gene editing technology, and it
has been widely used in biology, medicine and other fields owing to its fast and efficient characteristics. To date,
with its technical advantages of sensitivity, speed, accuracy and strong specificity, CRISPR/Cas system has been
gradually widely used in nucleic acid detection, single nucleotide polymorphism detection and other food safety

detection technologies. It has rapid development and broad application prospects. This paper reviewed the
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principles of Cas9, Cas12a, and Casl3a in the CRISPR/Cas system, summarized their application progress in food

quality and safety detection, such as adulteration detection, traceability detection, food-borne microorganisms and

animal diseases, discussed the current problems and limitations, and prospected the future development was with

the aim of providing theoretical and technical reference for the application of CRISPR/Cas system in the field of

rapid detection of food quality and safety.

KEY WORDS: clustered regularly interspaced short palindromic repeats-associated; Cas9; Casl2a; Casl3a; food

safety detection
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FAE ) B % e 1] SC &2 T 47 (clustered  regularly
interspaced short palindromic repeats, CRISPR)Z&7E JFA% Ak
P (AN BT 5t 20 ) P R B A R S PR A (X s, R R A )
B DX B T, F AR /IN A AL A B A2 1) B e 0 4t e
CRISPR I 5t [H] (CRISPR associated, Cas)AH % P,
CRISPR/Cas R G Je 5L T JFAZ A Y i —Fh i B 1 g8 R 4%,
A AL A A7 P e CAZ S BRI AT ot AN R s A4 400 IR ) A
RGP, DT AP 40 B8 52 9% 8 A f2P). CRISPR/Cas &40
H S8 1 AU TR IE W . crRNA (CRISPR-derived RNA)™ 4
T 3 BB D, FEE R B, AN ) b
e AbHIIFHL A 2 CRISPR FR4H, DIERURYLEZ; 4
CRISPR J7 4l 8% A2 BUATAA orRNA B, A crRNA 7E
P 5H 8 CRISPR FEF PR N VI BRAL R, 77 AE i
crRNA; 7EREJG T B BE, 1 crRNA 5153 1B 4M g%
i H IR B DX T M 50 ), 224 [l — 3 A% 400 R T K R A,
Gl B BRIl B B, M AF 1) S [ B e 41 -
ctRNA, CRISPR/Cas R4 fu il 2 2 iy CRISPR J¥5
Wil Cas JEZmAS Y Cas 8 [1RSERD, MR #5011
F SR U AN TR 4 R A2 50 55— 28 (Class 1) $8 D) 1 i i o
AEZNRREGES S, AR IIRAVIE; 5728
(Class2) 1 A5 FH B — 22 45 4y 3 2 1 0 5 | 3 M5 A% R 114
Pid), AARIR . VIRV Hirp Cas9, Casl2a FiI
Cas13a 2} 9@ T Class2 I, VEIFIVIFIE,

R4 4% 2 S (polymerase chain reaction, PCR)J&
MR kI 1) o i DLk, (EAESE 2 5L 00 = | P i A a3
Bkl v, PCR & RN A5 Ve N 51 B R 55 i T AFAE =
PRI 3T CRISPR/Cas £ 4 A% B AGIN H A HAT Pukl | o
BRI IR . AN . R N RESRARM IS, B R4
HiI 5 F0 & BT /. CRISPR/Cas RF Mtk 2555 RNA
(guide RNA, gRNA)JFSI, 525 w5 ga i LA B px
RERRI E Y, F L AMEAZ R & BERE 5, A% R DNA Al
S W A E, 7RI RV AT RO O B R
FH S0 00 A% R K I A 2B W A5 IR AR R U2 AR, KT
CRISPR/Cas RGMATRZFHIIRA, TERZTR PRI ) R
RO dbolk i 21, JEF I, ARSI Cas 1Y

CRISPR/Cas Z &t (1) L B AN 7 ¥k A7 A 45, FF X CRI
SPR/Cas REAAWTEBM . WK . SIRTERCZE YR 3h 5
9 A B BT A L A ke W e g N R AT SRR, LA
CRISPR/Cas 481 £ b JoU 7 28 4= hor il i) o7 FH $2 L B 18
HARSZ%

&R
SR RS . \.
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Fig.l1 Principle of CRISPR/Cas system
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1 CRISPR/Cas &%

YER AN B R S50 CRISPR/Cas 245, fEidbfbidfi
h—H ST TS, KRBT Cas BRI PRSI
Cas HHHEBZEEM:, f Cas HHAFHA MWL)
FEM: . HA, Cas9. Casl12a il Casl3a 20 FH T 5 %R
T PR KT AT Y F L 3 Bl Cas B, BEATMFEA
SRR BT AN R 1 B
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Table 1 Comparative analysis based on CRISPR/Cas gene editing detection techniques

% I i ,,
e (EHIXER RIPIEN Bl RNA R PAM/PFS
IR
2 1368 AW
Cas9!'™¥ dsDNA HNH 1 RuvC 45 484 7 47) %1 crRNA fil 21 PRI s G(5'-NGG-3')
tracrRNA &
1200~1300 4483 e A 151 VT3
Casl2a  dsDNA RuvC 45 Hy B 745 5150 crRNA 00 1A SUm e T(S-YTN-3,
2525 5'-TTTN-3')
Cas13al'® ssRNA 2 > HEPN 2544 3520 s 110 U101 17 1 IX 358, crRNA 1389 N FE IR Hk Jk 3'PFS: H& U

£ : PAM: protospacer adjacent motif, i [f][# 751 48T 3% 7 ; PFS: protospacer flanking site, Fif 8] 7 51 347 1 o

1.1 Cas9

Cas9 ARSI R bREE A5, WS — T
LG G AR i, e IR G e FH RO BR I DT T
‘Bl LA it 5 85 RNA (small guide RNA, sgRNA)AY H b
BRI X R 8 [ JL-F- BF A5 DNA J550 U8 a7 iR 51124 20 nt (1)
HARIFHIU . Cas9 HRREEZE F D) H)— 4 DNA $EIFTE
A, HETT AR PR S — 4 HNH Z543, Fk
YI#E| gRNA 751 5 MY B AR DNA % (#04%), LK —A~b)E|
AT AMECE DAY RuvC 5MR, FEfsgid f v iy 1
PR B, BUA orRNA ABEELG |2 Cas9 #EALAY BTR DNA
IE), M EWRMNS crRNA & PS4 crRNA 1
ZARSPT WM A EXEZEMWK X PIE RNA
(trans-activating crRNA, tractRNA)?Y, H A% B4 DNA
(double-stranded, dsDNA)YIE|H tracrRNA #17, S5HGE
H 4N DNA 5 £ i (W) B% 7 41 48 i 2 JF (protospacer
adjacent motif, PAM) [{i% 3 IR A7 s VI H); AR E
#MY) DNA BEN7E PAM 07 3~8 A REXT (19— A st 207
SAEYIE, BEERE 3-SR AN BB, S Ak, Cas9
iR oA — A BEARST I & SR MR 1 X, B F R
N EEIRINEEGPY, R Cas9 CATEARER I, 5
B R bR 55 25T ST IR A 20 5 SR, (HEA sgRNA
PRIz R ST BT RN . HATC AR E R
T Cas9 BLERRINH A 5T, 35 FHA9 Sanger 7 |
NGS MR, AR IE4AER A Digenome-seq., Circle-seq %
AR AH Cas9 11 Hid AR AP 2 BR 1 7 FF 4
1.2 Casl2a

Cas12a M#x Cpfl, J2—F &2 1200~1300 2 K
B2 A% IR N VI, gRNA 51 a1 L, (i BB KT 5 P i)
FAANZEIRAL AT, S RuvC 25508 F gRNA /Y
dsDNA P&, F+ Hizg5 k5 Cas9 A9 RuvC 25 #4345 [R5
FZ P {0 Casl12a /b HNH 25458, T LA E 7 o i
WALE T ) PAM J¥31(5-TTTN-3'), fitfb5]5 crRNA Jl#k,
I HA A, S'A 3'PAM AR Sl dsDNA W, JE
BLEEH BB A RS L A AR R, Cas12a SRR Y]

FF AW EIRE: 7 orRNA 19515 FiH 53] dsDNA 1
PAM ¥ B KA (i LA, A% o BRI RuvC S5 R Hh 1
VRO SR VI FI AR SEAREE, (AR DNA fRIE; ffhe)s e
FrEERAERE RuvC V1%, B I%E] . BEJG Casl2a 25
W HY PAM T i 9 dsDNA, It I — H 4 B 5% DNA
(single-stranded DNA, ssDNA)#E A RuvC G A7 &, 4
Wby, B IEIPY . WFsEK M, fE CRISPR/Casl2a
G, Casl2a Al crRNA LIS T DNA HE[, KW
tractRNA B ALH; crRNA il TN R EE A ) . S 40, #7
9% 2 WI7E SO o A Mg?t il R A= ARV JT, I i)
Cas12a Fi% PR E Y CHEN & 13IE 297 & H BT Casl2a
BN L 3k 9 9 7 P 3G N 5 DETECTOR, % AF 58 % B
Cas12a SuOWPRIGELE G G AT . FE i G e,
FE43F 12 W FRS I 45035 5 A A% R 13 A . Cas12a Xof
5-YTN-3', 5'-“TTTN-3 ¥ 9 (A 50H ), fi15 = BA 1R
R TE R . (A B BN B AR AE I A PE A PT RETE
BEt,

1.3 Casl3a

Cas13a MFF C2c2, 2—FlJE TVIEERAIR G| F RNA
AIRZNEAZ TR N D), HA SO BOIR 28 S 284, W] A
i crRNA B, NEESPE RNA A fts it
P O Bl R, HS AR B R (1 2 (R S8 R AR S
F T AR, (A AEALE 55 T A W A A% A A AT IR
254 (higher eukaryotes and prokaryotes nucleotide-binding,
HEPN)Z5#3lRe A 1 2 MRSF R(N)xxxH ¥4, LLSEHE
crRNA 5| 51 ssRNA HI |75 #EE3] ) f F VIR CRISPR 3
[HJEEE = tracrRNA, & Casl3a AHA[HEHAHIA crRNA
FIAL B DY S FE St R, Casl3a SRTIA crRNA 454
J5, Casl3a 7ERi crRNA J¥ 5 fh 2L, & MR 2
Casl13a-crRNA 2 54); 5 crRNA H M RNA BEFRZES R,
Cas13a i1 0% Y HEPN X AR4E: v E %) RNA, B
R — AT RNA BTGP S0, XAl HEPN $0 4
Cas13a #4522 — il AU A% R P DI, 6 AT A4 4 2 3
15 B RNA 43 F 0247, o n] ISR e 18 30 A 4T A Hftb
RNA 53 F (), SRR UI#) 76 1 F) Cas12a #1LL.
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& Cas13a4bh, HETKIMETA Casl3 2 1 #F3 B0 H A
BIERERS . ZES2BR I, GOOTENBERG 2132 gt 57 it
T Cas13a Ry P AZ R RGN )y i, BIARRE i R U B A
#fi (specific high-sensitivity enzymatic reporter unlocking,
SHERLOCK), % J5 ¥ 7T LAt — 2 Fl T 46 2 S A kel
TE Y I 2 ) 4> F K vh . EAST-SELETSKY 45 P7E BH
Casl13a TERZERRG HEREIN 1 HA T AR & .

2 CRISPR/Cas AGiERMRERERNH Y
N AR

FI4FENY Cas 8 I BURA HEL 2N, Dbl Esf |
A, SRTE R ARG IR AL Tl e, DR s R TR,
CRISPR/Cas RGMEMELS G Z MY 1 ik, X isfe iy it
AT MG I 5 28 5, AT BE A B b R 4. B R,
CRISPR/Cas Gt ki 2435 PR 2 AR A6 A G I 0 .
W iR 2 5% (single nucleotide polymorphism, SNP)#6; il 25
J5 R BTN FEETR, TN T I L 9 T
B EE AR ) R0 S A 0 S o B 4 TR A
2.1 BEREN

CRISPR/Cas F &t RSN HIEI B EAG M b, bean
S5 ] WIS (Arriba) KUK FIE (o, 00 4R H AR B, 10 AT )R oe
A& CCN-51 B85, R MR, [T, TR 2E
MAS AR ER, ZEAR AT ARy in Ll A2 e AT e H B0k T 3G )
T4 CCN-51 48 A Arriba MELE, #& LBTA] Al kYt 5
A CON-51 ZH WLABEAIG H . SNP J& iy T HAZ 1
FRAS S5 I 7 5 2 25, Cas9 1E Ry T 2 A B i) 14 4% iR 9
IR LA R BRA% T R 22 A8 M A 0k I 12, SCHARF
SFPSILT CRISPR/Cas9 R 4%, B AN HEI HL Tk 43 8
DNA Bk X 7l ol kp A ] AU R & W 647 8 52 504, O
LR Rl S ST 10%09 CCON-51, °] LSEBL B
B 45 AT TR A AT AR . AR R R R
Tva) B 5 1 2 PR PP A8 AR R L S PR 8 R A R D
BB LIU Z509F ] Cas12a iYAR4ES% ssDNA 4]
HIREME, 256 AN R &MY 1 (recombinase polymerase
amplification, RPA), 74 . A AT A K RPA-
Casl12a-FS £l Ji ik, 455 R crRNA FIZEEHRE A
DS IRAZ R 7K1 04 v e e T R v R AN S, i
X2 R RIS PR A 2 BB SR B 10 48 DLER, T R A
REBEAE TR, BN EAE 45 min N, 5%
PCR JrikAd b EAA G E . PEriam, & T8
5 7 (i el LA . LA AIFSE B, CRISPR/Cas R4
Cas & [T Z2RE ATl 2 ST XA BB A i R S A
M, F454 RPA . 3051 2 1 (loop-mediated isoth
ermal amplification, LAMP)Z5HL5a 4% 3 B AT ik 2 sk |

AL AN E Y
2.2 IR

B 2RI BB A B Br gl 3R 2
BGUES i B L R . DARZE IR R B, XTIz A
FAEAE LN EE P AR, AR EORIR L B ER .
XoF 77 it JBT A 22 A T B A R A R e, % IR AT B
WL RS A BEER A S R AR EEE AH T ()
CRISPR {7 5 A 5 A Sk Ay 43 AR L T BRABL(7 A 10, 5
NPT CRISPR 4314 7 vk R SUAE i 43 B 238 0 T T e
THRRESH . BT TR EER R & W 0 Ik
e IS FEL UK (pulsed field gel electrophoresis, PFGE)# 4T
FRIVR S 52 AN, CRISPR A1 A& 40 43 Y ik iy b 7e 4
WAEVD T IR BA %5803 B ik TR B2 A E N 3
T BT A I 575 2 S, R G I 7 2 45 2R T e S A 5
SE AR MR AR R B VDT QAT MG AR S i & 2R 26, AT
BRIGYT o VDT EC TR ) SR I 35 B A kR CRISPR
J¥ %1, MONTE Z£ 3L i CRISPR 591 He X 7T LU 2 1% 5 91
EER Cas BT, RIS E MIE R H . XL
ARG ) S 0 43 TR AT D AR AR 7 e D B A 7
i REET R A, nT LR BRI R R B R R T
BIERIRIT TS, RERAGRIT I E I
23 RIRMMEDEN

BRI A 0o A R 28 A TN LA BREAA AR T B,
TR T A i b 00 5 i v i i A 0 X6 T B L 5 i L
AEEZE X, BT Z AN k45T PCR 1Y,
FHANTE R TR, 1T & IS A Bk ) iR
WO A AEAE S AR A . SR E A R BR Y 4
4 CRISPR/Cas R4 Ik B 44 1 AR (strand displacement
amplification, SDA)AIIL A, WANG Mgy 7 —FhET
Cas9 %R Y1 2 i (Cas9 nickase-based amplification
reaction, Cas9nAR), 1% LRI AT B K E Y 1
B B TRURE . SNP RR RIS . P, EHEH
TRRA B A A IR — R 0 R B 45 5 Cas9nAR AHES &
A AT B I TR AR AN 7 R 8 %o A% R AR A e i
FASI, HoaT LRI 2 5 B AR, 35 AT A AS I —FhE IR
PRETS G B A T o e 7 AR IR T35 100 CFU/mL, H
TAFANE Y 1 DNA, AlakB| e . BiEr H .

PCRMH 5 Casl2a Z5G TR Z 2Rt
Cas12a BUMIAL YD EIRRE AT DAAR RS Rt s DD 4058, A
Casl2a f#i AL ssDNA 3% 107 6 HI % K57 (fluorophore
quencher, FQA MR . 7F CRISPR/Casl2a 455 9 ki
W rpr, P S0 AN S 28 sl e S 58] 152 1 A Aoy 0 BH 1 A A
PR TE ST S, BV RIS BRSO o 2 2
FRERUAL SIAh, Cas12a HATTRER M DNA SE 1R, A
FAIL S A NG IG5 G DR Hil VR A= W% s, Wl
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T TR S R i B AN BUR B . PENG %174
Casl2a RGELEAHIEhRic I F 2 4 07 0 4 %5 BR B 10 Rz
1, Casl2a REASTEIRSE ssDNA FiFfTREE], a4+
AN I ssDNA - Al D34 s fz 28 10 ) R 3, B K
Cas12a-crRNA-dsDNA &G4, 32 GH i msRE, Jr
AR AT 35 10° CFU/MmL, sh7S3E S 10°~107 CFU/mL,
FEAERSIN N T B A BT 2E 0D 1] QTR A 2 3501

WOO ZITIERH Cas13a foiffiiad RNA AN HixR
RNA fEHFIEE, Eid B PT RNA JF53E 70 R A%
R BRI, ZHANG ZE149M% RNA 3& it 44 Broceoli 75 6
Cas13a IR TOCIRER, RNA 1 Bl /A/DFHMI-1T &4
YIRS 6 AT LIFE /R 4N RNA BIFFTE . Casl3a Fll& )G RNA
BRI ZE G4 B IC e . ORRRY S . JCARiC ) RNA
A3 AT, DA o 1 PR S AS I 3 9 SR BT, T BE S A I =
10 CFU HYMEREZEMIFFTR, JERSHE &L 10° CFU I 0~100%
YU TRl PN (4755 1 o Cas 2 [5G ) Z2 R 45 L AT LU 2 DNA
RNA ZFZF%RR AN, RS AR S MELr, 5908k
TARZE A LS RIS, fEXT S B L4
RO AT R G IO FH T 5% o
2.4 YRR

BRI B WA A HARZ —, BER
BRI PR h 1 B i SR A = B e 2 B AT o
Hean, PSR AORE R P (white spot baculovirus, WSSV)£x it
BUHR ARG R R A, TR E R B & R BUIFEE T .
CHAIJARASPHONG Z:Uhf CRISPR/Casl2a BRGi&4E& %5
R AT LAKEI WSSV F -, AIBRIAE] 200 %D
o REFH PCR KFRATIE 10 N5 UL, (HAERERIE
BRI b, bR A RERTAEIRA, HRL PCR
HAIE . B}, CRISPR/Cas12a 2 GoHia fit— R i 5 | bt
T2 7, 5 TR Ry R R e

AEPNIE IR IR PR (African swine fever virus, ASFV)X}3¢
Wl BT S KM AT, B0 P R BT AN 2
Fel%, HHT ASFV BIS W5 1 35 5k S I A WA S0
(quantitative polymerase chain reaction, QPCR), {H{Y%% & 5%
T B AE N BB b BRI T RS %R . HE S PUA A
CRISPR/Cas 7%k ASFV HPGHEAM AL T Hi ik, V&
HubE DNA REHG, i /NSO AL Beke B R — vt
BRMSSEAE S, FTLATE 24 h PRI Al B, SRR (8
HABUE R, BIERAT A 107" mol/L. H4h, 7E ASFV By
Krllvh, Casl2a FJ S AZIRY G ARMIZE A, $ A8l i il
B, TAO ZEP2H ] Casl2a 454 LAMP 1245 58 A6 s (7]
1 h, WAEJE., BIE, TR EK, BT R PCR &)
KR, RS qPCR HA —Blk, wik 2 #I4
IL(E p72 FEE). FESPER A, CRISPR/Cas R4E
PR PR | A7 (5 0 T 3k 8 s e e s TV A% 496 1) B 17 DA T 8

PR R B RAR, AT E A SOk b 72 1 1 SR
3 #iE5RE

Z5 LTk, CRISPR/Cas RELM AT SR, HA%ER AR
SRR TN B (1 14 i BB A ik, T TR A |
PRSI . BRI R Sl S ARSI, A B T
RmMERETHYmk %, ARt HRELMET
Cas12a i) DETECTOR '3 KT Casl3a ) SHERLOCK
LRV RS Iy vk I B S IR A T Ak, UE R A
M4k B E R I, T CRISPR/Cas REGLHEA LA
fAi o P REUEE . FERMER SN, B T
Y. WG BB | BGEA . IR S, FE(E
RN G E B T RN R R, RE I, X
F CRISPR/Cas i ARM#EAEN G RFIIE 5%V TR
JE, X AT RERR I I HE— 2 . S 4k, AN Cas BT
SERIANTR], RS A S, RS AN VR, N Y AR A
W HMSEEAIEM Cas B TRY B, ik
FIRAE M A T ELE A Cas B URA ) SRR TR B
WRG58# .
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