[CGRYEZ

Acta Microbiologica Sinica

2021, 61(12): 3856-3869
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20210126

Review o

E T CRISPR/Cas 7 /K BY 4% B+ N B 33 13 f
AV, maem e, £, 2EE, Ta YT

LTARE R CE TS, AR TR E R S SRIRE, ARE MY A SR L SR
J74 JTH 510070

PRER R R R R R 2B, AR M 510632

SRR RIE S TR, K M 510632

ERROL KBS, TR T 510640

WE. . ) ] FE ¢ 0] SCEE & 41 (Clustered regularly interspaced short palindromic repeats,
CRISPR) 1 CRISPR #H5¢%# 1 (CRISPR-associated protein, Cas)ZH i) CRISPR/Cas &4t &) WHAET £
BOAN T ANy A0 B A g — P& B S 245 . CRISPR/Cas R4 n[ IR A48 5 /MR AR IR T, Z)5
Cas & IR UIENE PERBOE , REX A AIZIR 4+ AT VIR LK% . A CRISPR/Cas £ 4t 711
FE9EN R U RE R L T A% BRAG DN v, Syt v Ar I 2R 32 S e M SR PR RE AR Al T — Rl i
Po AT CRISPR/Cas RGuHY A& fE . YEMMLIISE, X ZAEALIY Cas & FIFEARZ IR AN Hr AR M
MR T 84S, #E—218 T CRISPR/Cas £ AN I FAZRAG I R A AE LB, FEXT AR R A 7
TJEE, NET CRISPR/Cas A HAZBRAIN 7 VA LS IS AE P il v B2 1 225 R 3 .

X$2i7: CRISPR/Cas, Cas &1, VIRITEM:, ZERAI, il

P 9 D T A s A e A TRV RS S TR T BLSY 64.8% (4793/7389)F1 64.29% (90/140)M . FEjE B
M H gs ™ F, X 2 A A BRE A 7 B B . [F1] PR B DRt 5 S A2 A ARG, DT S
2017 FHEAIE DA RS SIS R, B BIXES e EeEmE, FiwE—FE
TR IERUE P ITS R AR AR R PR ARKIET KBk FEAeEERN, HREMED S
NBISREE AL, A3 57.47% (200/348), B R REAWEETE, 8 DA R Gk TUL

EEWH: ERBNLEESIAL"(2018YFC1602500); | 7k 44 HE Al 5 nii FH 2 Al 5% 5 KT H (2020B0301030005) 5 [H 5K
A SR BH4 42 (31730070); | 7R 44 B 2 e B S BHE 114 (2019GDAS Y L-0201001) 5 [ 4R 44 (ol A 1 22 4 5 i e 1 o5 52 30 2
4:(2020B121201009)

“BIE1EE. Tel: +86-20-85222379; E-mail: dingyu@jnu.edu.cn

YrkS BHR: 2021-02-25; 1B HHR: 2021-05-14; M4 HAEREHR: 2021-06-07



JARESE | RUEPSA, 2021, 61(12)

3857

O, HRKRER T A1, 2002-2003 4,
H1 SARS 54k 7% (SARS-CoV) 1 Fi ™ 8 2 P el
CRERERITRAT, 2012 AR I AR P L5 e
R B (MERS-CoV) FI 5 | e /™ 8 i P I B P20, 31X
S B 1) £ 478 i T LS Tl PR s o T e R T
2019 4E B R IR B SARS-CoV-2(COVID-19)fif
5 IERABIRTERIRERIE, JET AT 296 J7,
I B R M 2 BRAR R Bt 2 B U AR
PO . TS SR A W 1 5 A8 B A T B A R it
PRSI, R B 0 R I TR H 48
SRR TAME LGN, 47 R E R Gt
SAFRERIET), TR BEIIE T R R
YA RO P, Ik, R AT bk
RIS i S 2 M A I AR S 45 22

Timeline

15 Rk, 3T R A SO0 (polymerase
chain reaction, PCR) 1% GeA% R ke I £ AR AT & —
T 1) 43 R I T B, {H R B2 iR BUAZ TR
R 7 vk B 6 AWnEA: e L (1) %R
I I HOR | BIRASEEOR ) LT CRISPR/Cas
TR 2 B R TRAS I A AR, Ay 3 PR A 455 s )
BIPRE 75 a2, Hih 3 F CRISPR/Cas 14 &
FE & R BR A 7 v CAEAR G i2 W b g ) iz
5%, ALSCELGE R BRI R R . REUW B K
MU 4, HeF CRISPR/Cas 2 A 1 BIVA MK i
Far i 5 O LT CRISPR/Cas 5 A 1 B hsg A 4
HRE TR A PO AN 59, CRISPR/Cas 7 AR
TAZ 2 Ao I rp i) T A oY AR P AE Cas9 .
Cas12a(Cpfl)LL }2 Cas13a(C2c2)ix 3 1., Cas9

1975 Southern blot
1977 In situ hybridization, ISH

- 1985 Polymerase chain reaction, PCR
U S
1991 Rolling circle amplification, RCA
1995 Nucleic acid sequence-based amplification, NASBA

T 2000

— 2006
PCR amplification

Loop-mediated isothermal amplification, LAMP

Recombinase polymerase amplification, RPA

2013 CRISPR/Cas9 gene editing system

2015 .
PAM Target 2016 44—
s 207 |

5' .

sgRNA 2018

Effector complex 4

—
A 4

Discovery of Casl2a
Discovery of Casl3a

Nucleic acid detection technology based on Cas9
Nucleic acid detection technology based on Cas13

Nucleic acid detection technology based on Cas12

Nucleic acid detection technology based on Cas14

B 1 E AR & R

Figure 1.

Development of nucleic acid detection technologies™ "),

http://journals.im.ac.cn/actamicrocn



3858

Huan Zhou et al. | Acta Microbiologica Sinica, 2021, 61(12)

HEABRA 2 DA, 725100 HNH A RuvC, 3
Wﬂiﬁﬂ’*ﬂ?ﬁﬂlﬁjBmf?ﬁﬂﬂtt%ﬁ%ﬁ?(motospacer adjacent
motif , PAM)5' & % GC, Cas9 7E tracrRNA
(Trans-acting CRISPR RNA) /& crRNA(CRISPR
RNA)f5 5 TAEH THFR DNA, Casl2a ffiEfl
L5/ RuvC, £ crRNA HI51 S FVEH TH4R
W% DNA(Double-stranded DNA, dsDNA), HAK
fi i) PAM J¥41 58 5 AT, Casl3a &HI1HA 24
HEPN (458938, 7€ crRNA 19515 T AEH TR
RNA,  HARS 1) 5 1] B ] 32
flanking site, PFS)f 3" 4l GIO172123 3 iy
KB Caslda HA RuvC MIMEILEEFE, REASHE
i) B DNA(Single-stranded DNA, ssDNA), Jf
HAKHE PAMP, [ 25 AR[6 Cas & (5 19I5
AL EATEA BRZ R N D) 1 1 S B D S
BRI, IE T AR A I BRI &

I AE T CRISPR/Cas 1K & MR IR AN H A2 H
RSB T EE WM M Z— o A LR
T AT CRISPR/Cas {4 A% A N J5 ¥4 BRI 5 itk
&, HEEATT AR Cas & AAMFRFE B4R
S, BN 2B AR T A 0 T B A
Ty AR AT R

3 v/ 15, (Protospacer

1 CRISPR/Cas ¥ AR HAER B
R R
11 CRISPR/Cas R4 K/

CRISPR/Cas Z 4t/ H ik . LI a] Ffa fr) Jed
[0 3C & 741 (Clustered regularly interspaced short
palindromic repeats, CRISPR)f1 CRISPR HiE
1 (CRISPR-associated protein, Cas)H i, fF1ET
VEZ I A A e 20 1087 4F, ERIHT
WP R T —4H 29 METRIELE S, A
5% AEE(ARLIEFFSIFFL, 2002 4EHEAE
W] b 5 9 B i 44 0 CRISPRE®N. Bt 5 #7598 & 31
CRISPR [ i X5 Wt P (A BRTORE Y 41 2 ] R VE
7~ T CRISPR JEDA FETER A ALZ DNA HHEG1EH],
HAEBIZ P R T —Fhid B e i 2180734,
2011 4, Makarova %5457~ I CRISPR/Cas £ %¢id

R RBFTI 3 BB Tz HLEE
(l7§l2) TEIE N B, SRR E R 41 W] 5 Y A
DNA F Bt 293 4 % CRISPR H B WM ; 1
FKIEH B, CRISPR 3 [H ¥4Il i) — S AR
pre-crRNA 724z, FE# T4 crRNA, crRNA 5

Phage DNA

3. Interference E
) l —7

Plasmid DNA ™~
Integration of spacer sequences

~ e s LeaderYSTIQYSZIQYISE oso.f\_/
— s Ilcaderm STYS2 ¥S3
Cas gene CRISPR locus

a
GG

© it 1. Adaptation

Degradation of

o Phagu or plasmid DNA
Effector complex /—-\

*\

2 _®_%

crRNA
2 Expression

Pre-crRNA

E 2. CRISPR/Cas &%t HI¢A K 51h el

Figure 2.

actamicro@im.ac.cn

Function and organization of the CRISPR/Cas system®"..



JARESE | RUEPSA, 2021, 61(12)

3859

I3 B BTORL I P A VE AL ;. 7E AL BE, crRNA
¥ Cas 21515 2 5101 b DX G C (14995 75w JSA 41
FP A IE BN 25, JERINT Cas 25 YT HIEE
Fpg2A ) o, PAM I crRNA 515 Cas
TR 11 I B TR TP 5 (1) 6 B S5 50,

TE CRISPR/Cas REHFATER Z AL Cas
HH, M Cas EEMALR AT LK CRISPR/Cas
RGERE N 2 25 B—RRGKHIA Cas HH
NEZWHEARLEY, £ RAGMMN Cas &
Eﬁ%—xﬁz FH. MBI Cas HEAMKIL,

E— G Cas B 13k K 254 1o 55 42 (6] B )32 51
45¥9% CRISPR/Cas 4324 6 J5(Type [ -VI), Hrp
[ A, ARV S T4 —K R g, 1MH, VA
FIVIE & F55 K 24P, Cas9 J& T 114,
Casl2a J& T V%!, Casl3a J& TVIE, fix 3 Fh
Cas & AR S 4l o o &

1.2 #F CRISPR/Cas ARGk H AR K [

JLF CRISPR/Cas 2 4t (AG i+ A 3= 5 2 A
JH CRISPR/Cas RELIFA BYIEN . FKIXFTHE 3 4>
BB, SEA TR A et DS IR S A A
. i AT RS RNA (Single-guide RNA,
sgRNA), i HEE RST8] )5, Cas B2
i 8 1 40 DT T WG R S 1 R4 T %4 (Double
DSB), i SgRNA [ 45 ke Btk T fe
4 Cas 19, CRISPR/Cas i K3t F Cas % [
IYERT, AFE Cas & W H T A% R AN Hh A AL
TAFTEZE S, FHT A0 CRISPR/Cas & 4: 5 Cas
EHRHEAARMRLAGER 1), 2T Casd KR
I AR R S R B P AU R BE T, ALt
ARV SRR sgRNA, AT S2 B A ] 3 R 750
A B4 T Cas12, Casl3 K Casld HY%TR

strand breaks,

Rl 7 ki T Cas 25 1R B @ D FIE1E, Forh
Cas13 #f1[i] ssSRNA, Cas14 #f1[i] ssDNAME8-3] - x4
Cas 115 sgRNA . HUFHIIE A & G,
W} I U B 6 PE B IS, X EBEFR IS sSRNA 5§
sSDNA 15 JERHEF T 0], AR 45535 51
RIS € S

2 CRISPR/Cas ¥ AR EZBAN H
Hy 2 B R

W% CRISPR/Cas REAMFTHIAWITRA, Cas
B R S S D RE UG P AR N . B
X} Cas9 FIMFSTIEN, RNA 43T Al 5|5 Cas9 &1
WHFFUIEIFER DNA 38, NI, ZRSH
s A SE R i g, DA B S — o B 2B )
FAR AT T2 BB b5 £ 1) Cas
EME R P, Casl2a, Casl3a # & XIFfr4 .
W58 A 01 & LK 2 Cas 25 1)@ T45 —- 25 CRISPR/
Cas ARG G, F+HA MHE 19D FE pE e,
RILHIITSE &L T CRISPR/Casl4 £%;, Casl4 A[iH
SRR IF i % sSDNA 43 Ay AR FR 1) 1 P4
CRISPR/Cas RGEREW N HIIFVIRIZIR TS, itk
Bz M FERZ RS XA R AR L
Y, TERBEANA Cas . HRETE A%
AR . B NRESE, TN EE TN
RNA Ji7:F1 DNA i 5;, 7EC IR Cas I HA
Cas13a FJ E4ZHEM RNA Jiai. WIRSCPRegErh ik
PRI Cas B, TEHARN RNA 431
[ DNA JG, A RIS ARR BRI i, A
SCHFETFRIA] Cas B RITEYE, Al A gL
RS Hh Ay o FH () 3) o

http://journals.im.ac.cn/actamicrocn



3860

Huan Zhou et al. | Acta Microbiologica Sinica, 2021, 61(12)

% 1. FTFHNE CRISPR/Cas R4S Cas & 45 a7 2-2
Table 1. Characteristics of CRISPR/Cas system and Cas protein used for detection[*®*72-24]

Classification Cas protein Domain Target Collateral cleavage activity PAM/PFS
CRISPR/Cas9 Cas9 HNH and RuvC DNA No 3’ GC-rich PAM
CRISPR/Cas12 Casl12 RuvC DNA Yes 5" AT-rich PAM
CRISPR/Cas13 Casl13 HEPN RNA Yes 3' PFS: non-G
CRISPR/Cas14 Casl4 RuvC DNA Yes No
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HHT, LG5 07 EAT 2 PR EAG D8 Ji i
AR bRE, WEETE 5-7 d AR, HAURT
ARG SR R R A T VSRR k)2
i Y S22 i PCR(Real-time PCR, RT-PCR),
HEAREA P &3 REERSLE, BF
B N 51 K B 53 AR A BB ARAT HE AT 5 0 45
IRBESl CRISPR/Cas 3 A 7 A% Bk I v 3 213
TRRY Y5155 3 — P OS5 5 4k 1
w, Hod 2R Cas & A FRF MRS PCR §74
PV LG P RE T, IFVE R TR R A R
55 LA O S iR BUE S ORISR . il
n, WAL R LA AE R DNA R, 4
iR R A 2] 2T B 7 R TR I R L, L S
JFR T —F# ] CRISPR/Casl2a 5448 K48+
TA B €2 T 531032 X 26 21 B R A T ARG 2%
K75 224 CRISPR/Cas12a A i FH T4 31 H
Fr DNA J5 5 S5 b AL B8 . sgRNA J5 5+
PERUAERFR G, Casl2a X BEITHHIIRY) S #E4T40
E, ERESCELT A I AR IR O (e AR Tk ok BB
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% 2. &£F CRISPR/Cas A By3%ES ¥ M 52 FR

Table 2. Application of nucleic acid detection based on CRISPR/Cas technology
Detection system Signal output Target Sensitivity Advantage Combined References
technology
dCas9 Fluorescence Methicillin-resistant 10 CFU/mL Without PCR amplification FISH [61]
Staphylococcus aureus or gene purification steps
Cas9 Fluorescence Listeria monocytogenes 0.82 107 mol/L  Fast EXPAR [62]
HOLMES Fluorescence JEV, RPV 1078 mol/L Single-base mismatch PCR [44]
specificity, without
transcription
DETECTR Fluorescence HPV16/18 1078 mol/L Single-base mismatch RPA [51]
specificity, without
transcription
CDetection Fluorescence HPV16/18 1078 mol/L Single-base mismatch RPA [54]
specificity
SHERLOCK Fluorescence Virus, bacteria, genotype 107 mol/L High sensitivity and T7 [45]
human DNA single-base mismatch Transcription
specificity and RPA
SHERLOCKV2 Fluorescence Virus, bacteria, genotype 107°° mol/L Multiplexing, visual RPA [56]
human DNA readout
Casl3a Fluorescence Vibrio Parahemolyticus 10 copies of DNA Lower cost of enzyme RAA [19]

molecule/reaction

Fe A E P & 3T CRISPR/Cas $ R IR
K ik, REBHA LTS BRERES T
Tk, WRREE S AR AR S R, —hgik
F| aM ARSI R (1078 mol/L; &1 SHERLOCK
V- AT IR B BRI ), R LAY
ar, AL AT TS SR, RIS S B
R K 22 BEAGHIN 25 G 48 28 41 B 5 8T B Ee
RS2, CRISPR/Cas12a i &K 5 PCR § 4%
ARG A, KPR 5 1x10° aM, HEBRFEHZ
i 2x10°%-1x10* YR Hi T th RE BRAT o it (1 4600 40
SRS S BRI R R, IR RE IR AE R
an AL PR R N A RS ) H AR DNA ik . A
A BANETA TAERE % T 3F CRISPR/Cas12a $i A HY
PN AL AL A AT 5, SCB0 T (AR b
St AL 2 R TR ) A ARG 093 A i
T CRISPR/Cas12a A {5 S - & 746 I F
WA WREE 4c MTE AR, AHAS FE4EW RT-PCR
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v B R R S R RO X s RS
WEE A Sy BR B A B ke S it 7 nT R, HO4AF
A ARSH R AR AL PER), LT CRISPR/Cas JF
R WA BRA I B AR WL R R HEVE T, S A5 AE B
A PR A A8 20T -t AT S B R A A R A I T )
i, X} CRISPR/Cas ARG MUKLLIR AWM TLEE K
MEZAHMEM Cas HE[H, XL ] iff—2
FH T B2 v A D 7 R AR RN RS E 1. 2T B
CRISPR/Cas £ 4t 1) & Jre b Sy A% B A I A A7 > B
ZIBF A REPE . X FARRDRIEAE S, BT
CRISPR/Cas AR AL ERAINE A AT et . R
fef b S R SRR ), DN AE AN [ A5 S S
BRI, HA B R & e 9,
HARILT CRISPR/Cas J & A5 25 A% /iR 46
B SR g 2, HIRB AR e —E 1 R R
PE. crRNA 5|5 Cas & IR AR AR BN AL HI 47
TE 2 NER . (1) crRNA FIHEFR T 41 22 18] (1 s 3 fic
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XFs (2) T EHERFS 34T B R PAM 51,
W, Cas9 Irifify PAM J¥41 2 NGG(EH:H N A&
A. T. C. G), XHF: PAM JEHITERLIRF ]
A HE 2 1/4(G)*1/4(G)=1/16"%1 . it 4,
Cas9 I W4%E DNA, R 7E 3L 4 ipF- 4445 8 A4~
BRI Pk & B —A NGG 751, Y414t —
SER AU, T AR B HAT & 38 PAM X
HUARITA . (ALEEET SNP B35 oM 4 55 )5 9 B
W, AR BRAR A, XFh Cas M B4R &
PAM J7 91| ERARME 2 o Flln, T Cas9 1
NASBACC (Al Jy 275 2275 PAM 781 th k47 58
AR ORI DX 239 B i A S DX T HOLMESS #Y
Kl Jy 2225 3] SNP A7 s B A A& i PAM
JPA, L1 T T PCR U5 L5
A PAM JFHIM, R, i SRS A K | SRR,
B 255 PAM T 471 1 B 28 ARG H 1 175 14 AL AT
& WELW X B A LK 2R H AR )
[ 25 Ao 4 AR/ HAFZE R, TP R ERA
AIRIESE, IR G I IR DU SRS

WG 3T CRISPR/Cas YRR A £ A A 45
AN, WP it Ak B %) v A e e Ak
FTSLH W T 752 % P00 IR Cas 4R
FLE ST A MRRR AR E 22 52, 45 A AR I RE 1 o
6], DAL X AN R B A 0 38 AL - & 6
k. EXRERTPI LRI A, A
o7 FH B35 B LA U A8 il — 25 R

HT CRISPR/Cas Hi AR A% ER G Ay 42 3K 1Y)
AFETAENEE R W, X P, R
i, R . MEFRRIET BRI B K, A
SRy A B A b DR T Gl A 0 SRR g 3 K i i R B
INESE . msk . LA B A2 Wy T HPT, it
FHEHT CRISPR/Cas MUREERAGINF AR, %
X RERAE A IR ST, SR BT X AR DNA

FPRE RNA SEARHEA T [RERRI , Py 91 R A7 A
PAM J351], IR Hh AR R R SR S A AN [
(TSR, 7 BRIk LEHA AT BEAFAE B DL R 1
PATEREH IR SV, DLIERER U ARSI SR

4 RegfgE

CRISPR/Cas % ARTEAZ BR AN v K #5 1 H %L
MFERT, TCie & MM RR T AR I HE T A R
IR A DU 42 A3k 0 7 JEL i, B BT CRISPR/Cas
FOR AL BRI G PR | MR . A RAK
(710 & . KF CRISPR/Cas (AR K A
] DSBS S5 PR aM O, 51558
PCR 1 fM AN BRAR L, HLAT B g A R A 1507
BTG 56 7 E AR D A ) e S B 4 i R
RITIOCHE, MO R . R MBS
DG A 555 15 K S0 D A A ) A L 6 R
WU FER . BT, B NEEE T2 RR,
LG RUE . A L R FE b A B AR
%, BT CRISPR/Cas HA MYAZRRAG I+ A Al 4
et . R Y. RERMERSTT S 2 ESS
Br, i P T sgRNA 51 B A] 52 A [F]
FOBR (ARG ) B AN 5 B2 0 110 B8 A A P K 55 5%
MRRBNAES , AIE LTS . FAbs AT AR ST Ty
BT E S, XA S . B MR
S5 IR A TR DA B ARSI 2 B R I R S
71, TR, RS R H ) T R
Wi, CRISPR/Cas RGLHEZINREN AN, ¥ A%
PRSI F AR A DR SRALTE 22 TR, X S B e
TP RS RSN . M S A

H i, 2:F CRISPR/Cas A% BAG B A 2
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Abstract: The CRISPR/Cas system, an adaptive immune system widely found in most bacteria and archaea, is
composed of clustered regularly interspaced short palindromic repeats (CRISPR) and CRISPR-associated protein
(Cas). The CRISPR/Cas system can recognize and bind foreign invading nucleic acid. Then the cleavage activity of
Cas protein is activated that can cleave and degrade the invasive nucleic acid. The specific sequence recognition
and cleavage activity of the CRISPR/Cas system is applied to nucleic acid detection that provides a new research
idea to improve detection performance such as detection sensitivity and specificity. This study introduces the
development of the CRISPR/Cas system, its mechanism of action, etc. In addition, we also summarize the
representative applications of diversified Cas proteins in nucleic acid detection. The advantages and disadvantages
of CRISPR/Cas technology in nucleic acid detection are discussed, and future research is proposed. In sum, this
review aims to provide references for the detection of pathogenic microorganisms by using a nucleic acid detection
method based on CRISPR/Cas technology.
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