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ABSTRACT: Food safety is closely related to people’s livelihood. In order to effectively prevent and control food
safety risks and reduce economic losses of food safety, it is urgent to develop rapid detection technology of nucleic acid
with high specificity, high sensitivity for foodborne pathogens, adulterated food and genetically modified crops.
Point-of-care testing (POCT), as a new rapid detection method, is widely used in the field of food detection due to its
characteristics of fast detection speed, simple operation and on-site inspection. This paper firstly briefly described the
development history of POCT technology, and then introduced the main objects of food detection from the 3 directions
of foodborne pathogens, adulterated food and genetically modified crops according to the characteristics of food safety

events, and described the current application status of molecular POCT technology in the field of food detection, finally
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it analyzed and summarized the existing problems and solutions of molecular POCT technology in the field of food

detection, and it prospected the direction of the development of POCT technology in the field of food detection. This

review will contribute to further understanding of the application of molecular POCT technology in the food detection,

and provide a reference for research and application of molecular POCT technology in the rapid detection of food.
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detection technology of clustered regularly interspaced short palindromic repeats/CRISPR-associated systems
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Bt R, 2IREFEA 52— A H9E P ek
Ao 5005 G B TR, B0 6 AC N, 42 T A BE
TP VR S R A AR, KR R AR R
BT RIS G4, WG HEA TN, RS XA W 5
HEA TR A A D SR

BEE BRI R S8, ek ik e ts
G 5 328 20 1o T3 A A D Uik, A3 1 PRk R
6D e ARy 1l BT A AR B
TR FTER AR, (HIE Ty 12 55 th BUAR B 25 RO X i
F R EORIRE S, B F AV AR R KR, T
AW 55 20 (polymerase chain reaction, PCR)A S J7
YRR REUE R RRRER, S T S AGI
IR, JXBEEAR I N 20 HAR, MAMT Ll B H AR N B
FURE 2% AR 2%, ME LA /2 337 B B 4530 (point-of-care
testing, POCT) R . PRI, ThIXH @K A A 24 (4G 2ok
R IR, B —FrE, P R POCT 4
AR 6w AR, R BT T AR T IR
RREAR B 22 2 KU 1 R AR A F S

POCT XFR“IRZF R U iBAT I, J&H8 76 B3 Wik
SR ITTE A T, A5 A0 B S BUR & RAL Bk AR Bl
MRS . FRG, (A4 POCT HiAR 32 2L 3 TAZ IR Al 6
PEMRI R A o BT 2 POCT B F2 20 S i ik 4
TR, ZHAREAME . BRAERR . W] HALMEES R, (A
) R AR A, L L S B 2 i A R, T AR
i POCT Hi AR T N ZR P 1 45 K (isothermal amplification
technology, TAT)H A% FR A ] W 46 81 30 5 &5 ) 471 e FEAH
K & 4t (clustered regularly interspaced short palindromic
repeats/CRISPR-associated systems, CRISPR/Cas systems)#5;
DHA, TAT PRk SO AR B L X B SR A . S N
Pl B Ml 4y POCT HARM i A FBRZ —;
CRISPR/Cas HARNVE MBS HZIRII AR, FLERAEfH
BRI . K AR, & BT POCT 7= b
TR o AN, TAT T LL 5 CRISPR/Cas HiARS &, SLBUK I
RS XEEHOR, P —#RA A2 735 POCT BRI MR
BEHORPRLR, T2 N TS R IR PR AN 7 5

ARICNITT POCT R KD K, W BARLE R
ooty R 5T ) 2 A I % S AN P BUIR R T B, 4
X BEAG HAAFAE B 5 R, DU i — 0 i Sr
BRI | RA . R BUE . AR R A A
Tk E%

1 POCT HEARE

POCT 2R 1EHE B HIRITAL, AR Z IR %
FrAIN R R R B3 B HEAT A FRAS I . Wl e AR
TR EWE . SEGRM T AEL, POCT BAR AT SLHLR
W RPEF2 W, [, AR AR R, XEECE S ASLE
ISR T 2R ER, U A AR s DRt 977 45 g e
903 14 S ISE A7 7 T AT S A,

POCT HiARS N FHFE A . S 00, B
i, POCT HiAR BT AR Pedis it iR
FLZEIRRUT | A S AR ) | AL e A 4 A 2 30
H, st by By ARG 6 A8 28 5R B A . e dout
Wt B S R R s . AR, AR EOR R
POCT $i AR B A L5 ML ()50 F POCT HiAR, SEELT “4RIL
PRI L R AR, TR BT RE S -2 I ROR,
e HFREREE WA, 2 F POCT A1k i A 1A ZM2 Wi (in vitro
diagnosis, IVDY{ Tl & e e R A 43Tk 22—

BT, 431 POCT HiARTE B A B RS 450358 14 17 F ==
BARIAERG G A . B IR . R A
B 3 AN, FEEA N EY SRS G RS L
SRR A, BB BOR R R AR AR I B, 5K
PRSI 55 B, T I 2 1) A 0 A2 s ODHE A 0 £ 5
RIS R . sk, FHLER b RGBS T
F4rF POCT HE ., DISZBFHLBOGINSE R, it
B A7 5 7 A S PR TR A IR 0 A 2% SR S e i A 6L

2 EmEESTFRVEARNEZRMI R

T AR R NRMERE, defriih s il i
AR A R R A X T YR A AR R R
L AR EY TR YT A IR E ) A
RIXT ANRAERTER, T HA —E L% 1,
PRI 5 3 SO MU £ i 22 A AR, A 2020 4F ) P MEHG AR
YRR, 500 Z AR I A TR
P RRRSEE AT 850 8 o e S R SRR S A A i o
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FEFEIRY B0 kg gl, b, gRBi. BER
R £t {8 s 6 PR 38, A, T 3 e A TR A I ) T vk e
o BRI, A L AR A £ it 28 4 s ) 1o FH A A
BAEX 3 AT
2.1 FRIEMEY
BEMEEREEN SN TERENZ —, AREZH
PRI B SR AR s ke, b, iR O T AR R
JAFFEE . PR ARG AR AR IR . A R AR . VD
[ I AN S I = L s e S R DR g7 (SR
R 2 s 2000, TR [ 2 R i S A L 2 2 235
A FFRE M, K, FPR M . R &
i RES I R B0 TR ARSI R R B R B b 4 42 )
R SRR ER, 220 BB 14 5y AT IR A
Rt . AL UL LT PCR WA FE AR, X 8b 5k
B %of SO AN AR AR R s R, R O
K, ARIFRIEARGR LB, BB, Hit, % POCT #%
AR P TR A T, A B T R ke B IR A, DA
By A RO DGR I T o IS it 2 4 = B B it o o2 I
S 0BT RS A, PR R AR AR
22 RRER
BERBROUEEREZEN A EEERER, RE
LA PR B FIAL 5 ) BEEAN KT INOR, (HE S4B
FARIBEEEA 1L, e T B AR IS 1R, 72
BRE AR  B A BRI A B L RS, AR E T
B A g, T HL AT R XTI B i R AN R . HET
YT RE SRk RIS, —BRiE R
Tk, WRAR - RA Y | oMb ik Ak
TR TRV, ) — 2R AR WA Jy 7, 4 PCR 5t
It %E & PCR (quantitative real-time PCR, qgPCR)H AR ]
Jr AR DNA SIS 7k PO% . InFTSCATA, ik
PRt Tl B AR N A ER 4, BAGIIET F 3, X

VAL 5t 38 il 42 i B 0 T 5 b B A B FOGH B0 24 4 B
B, I, o POCT RN T RMBEEE, AT
i AR I A T 4 A R R 22 A A I BOR
FBL, 1R W ORI L A B R B R DR

2.3 HERRY

B e S N BRI K i, e B D WA H O A0 o
ORI L TESR [, 90% LA B EK . REAERIEWHH
FRAEN AL RIA ™ o BN A R b 5 AR IR N
ARES T Y M EEbE . BOBERT, X R B
A, FOE KL AT A A7 P T R 2 X AP it B S J A )5
W, EESER YL et R B R RsOaE™. B
i, TR i i R A )y 5O 3 T PCR i B
A S R A B DR AL R S R B B3 I, A Rk
TG A AE B R DR 7 il if B DL 22 B FU AR e S D S B
B4ty PCR C&ANREM I 5 il 0 1 15 S FoR . 01
POCT H AR AL e B3l i 47 % 1 S B g el R AGE, (ATt
PRI F T 3 o R A R AR AR S DN £ 2

3 FRTEEARAER®QNTHINA

TAT SR TETH E i BE T AT AL R AAR S PR 4 1 i) H R,
AR IC T S A PGSR PR IR B IRL L 7, HLSO
PREEPR, RO, DRI 20 A% R DRty T a2
JE43F POCT 2l ) Fm PRz —. B, WA
BHRHITZW AT EEARBZRRT AP 1 (nuclear acid
sequence-based amplification, NASBA) ., 7RI 1 (rolling-circle
amplification, RCA), ¥ /5% 1 (loop-mediated isothermal
amplification, LAMP) KB ZHEER AT H(recombinase polymerase
amplification, RPA)SFH AR o X BEHE A AT LU 5 AE Py ks
BAMH, DUERTARZRREN S5, W2 S+ POCT 4
AT S PRER R R . 22 1 T LR TAT FoRAEE N
Forim e o 1o FH S5

R1 AT HAR R @M P E A
Table 1 Application of IAT technology in food detection

Rl % P Bt HeWAT i R RN 5% 5
FES VLR . ABUELT . )
SEHT NASBA ;;Zr;;fﬁ%m?iggﬁii;‘; iigﬂﬁ%ﬁmm I (1;;;:%% ( /g%z% Fi) [30]
FBE A
SRCA iﬁgiﬁiﬁé {;?;tg:;f 6 s i) 55 K HHRH 73 fg/uL 3h [31]
LAMP SlERZ, FERtEr ;ﬁgiiﬁiz?? jgzjfﬁ 100 fg/i% 60 min [32]
vaverrs s pgFamien 0 VERAIE e ope gt 09
RPA ;gggﬁ’ﬁWﬁﬁm’% SRR WORE Lol Ih (341

{F:: SRCA: saltatory rolling circle amplification, ¥R IFSFIRY 1; LFB: lateral flow biosensor, ] Jii 3 4= ) Bds
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3.1 NASBA REARZE R MmN+ a A

NASBA HAREM | XA T7 B 7550 MR
1951 S0, 3 FEHEILRY, LIRSS RNA AR 10145 804
RY AR, Z B ARE T RNA AR, (H58 12 2048 S
AR, A% NS T DNA BRINES, demeln 207
B MH R T T R R ARSI, RABUE A IA 20 pg/ul.
ZHAT ZEBO5F % 7 —FhSZmt NASBA A FAG £ o
FIVPT TR, 8% 10h 5, KiliBRA 0.7 CFU/mL. HT
RNA 7ERCT- 4 h s A, 1M DNA 7E CAZR I 5 1F T
HAR R, RUCE RN EFER NASBA {30
gt RNA HAPHVER, IZH AR R T X506 40
FNBEANA, AT T AbAZ B AG I A A LR e 5 5%
32 RCA BEARERRENFHIA

RCA J&:Uh—/NE IR SR AT IR T 51 A BAR, 76 HA
BE B0 DNA/RNA REBHER TP 1474 — 4K EH
S ik DNA/RNA [HAR . ZétE RCA P HseR ] ik 5]
10° 1%, $550RCA M BERCR 0 55 10° 45, ATSCBs+
i K SB9400 LS5 1y RCA i ARALEER I B EEFR R DNA,
XHF4tE DNA BB, & TR B BRI 1 B E i
W i 5 AR 9 A B B AR AT 4, T 7 B A
PR AlE £k DNA B4k, DASEEINT £ DNA fgd gt
WK A2 Sy T — R TR E A A R, BT 4
Folv B VR S0 B ARSI AN %5, BHAEAS: HE % & PCR 7 ik
FIE FARME T 5 o SR, BT 5 B4 5 0 2 1,
H A FME s B K T iy 5 e R BB BRI T e 201
POCT i AR i 1)l i . SRCA T 54k & e fE 71 Bst A i
YERT, LA eIt r Iy =X, e B B s o =&
DNA, DLEHIR DNA _ERRIER, ST 1% DNA -
A S AR SR EL T & 2 R SRCA K A T
B RO E AR, 1 WANG %PV YANG
25141 MILTON 215150 BT %t FHF 5 B0 FR i . 4 9 (i
EJERE . PR IR SRCA KN A, #6720 e
5 B E & PCR,
3.3 LAMP EAR7ER MM F i

LAMP i AR Fl| i — Fl 5 AT 5 B 8 B 006 P 9 Bst
DNA K&, 1/ 4 2] 6 F514%), 7TiR%5] DNA Btk £
K8 ANRFENLE, MRIE TG I A B R S, R
FHEHAE TAT il 2, EEi 4, ZHAO %Y
F & T —F3EEF LAMP W72 A F R KA B 0157,
Rl R T IA 100 fg/4s . YAN ZEWNg sy 7 —FhdE T
LAMP #10] 4] #| 43 F {5 #5 (cleavable molecular beacon,
CMB)H2 AR B kI 5 v F X R B8 0 S A, A %
A K 1.5 pg/uL. SRIDAPAN %0314 LAMP 5 LFB %
Ak, ST X AR B 0 B A, B iR
T BB ARG SIREA DNA, (HAS I 2 LR 1 BE 5
LA PCR G AH Y o 81, T LAMP R 5]

YRR Z, WIWFESIEiT R . SIE R R %
i) B
3.4 RPA BARZERGENFHINA

RPA Fi AR BRI T RELS & HUHE % BR (1) T 4L . 2
B DNA 454758 FUFISE B4 DNA B4 X 3 Fie &,
M55 REE A -DNA E8Y, &4 YT EE
DNA 1 FHRIFEFA, & AR50 95 3 DNA A AL,
LSBT EEAR 41 A 4 Bl 3 18 RPA AT 7E 37°CF B,
AR T A SR I R, A R R A R S AR
UL AT WIS 222 P A MR B AR S 0 I T W B, S
TEAYTOAL Y 151500 A, R ATAE 15 min PRGN
SRR, KOKHRE TR RE . 76 £ S A I 45ds, L1 ZEP4F
KT —RoLR g RPA I T T TR AL,
HPR A 5x10° CFU/mL, 4N BlE 4 6 h 5, 6 BR T p
% 3 CFU/mL, KISSENKOTTER 2P 2 7 Wi fh 520 RPA
Rl Jy i F TR P SAB I, X3 1 2 A A H B 40500 T 3k
59 pg/R Al 5.4 pg/ i -

4 CRISPR-Cas #& N FAfE B AN Hr N A

CRISPR/Cas R GuJe:JFAZ W) 1) —Fh i R 58, FR
HEHUAMEBAL PR AR, A0 W P A B A A MIE TR, 1%
FEFLIHBISME DNA, FRAE A0, LABH 1AM E I
3%3i5 . CRISPR/Cas RE W TR E e, IAEREE
Cas12, Casl13 2 UIENEMEM & B2, CRISPR # AT
GR35 A N T PR A I 403, I A R A2 W43 A F
FEHS . Casl2. Casl3 HHBIHARIE, BR T REFESMEUIH
44R DNA F1 RNA, iBREIEFE VI 5 DNA (single
stranded DNA, ssDNA)ZIE Hir RNA, X FiRrERRZ H
“RADENEE . PR DI EEN:, LRy
(F O G H A K ssDNA B RNA)A] PO HOR I 31546
MES, BERFEEMRAED S, Ao, AT SHTE
PR G A, SR IG5 B B EE B, 4R TR R ) 4
Sk R, FR IS Lk . B AT, CRISPR/Cas
R A 22 B I RIS Y 9 TR A A I > e i
i 2E ARG I POV 2 R BR DA N S . 2 2 B TS
CRISPR-Cas #4247 55
4.1 CRISPR/Cas9 7£ 8 F 4 o #Y 57 F

CRISPR/Cas9 A 7E gRNA 1EH N IHH] PAM {7 55 17 ¥
# dsDNA, FEFILFER, JF& T NASBACC Hi AR FFHm
AR FE R, FE & AR I 4T, WANG 25925
117 —F CRISPR/Cas9 &4 LFB W ¥E AT TR
YeE, K I R BUE AT 35 107 CFU/mL, M7 ¥l A S0l B
Yy AR AR BR PSS SR

Ak, dCas9 fE8 Cas9 [ IWZARAK, tor] HFHEH
K. dCas9 [ RuvCl Fll HNH 7§ -/MZBRBEE 1 X 2k ] it
KA RARMI AR T B VIS T, (EA R TR R MR B RE
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%2 & CRISPR/Cas #MA RIS
Table 2 Characteristics of CRISPR/Cas detection system

. RYERRERG - JIIi5= ) B &2 w7l HAREMEN 5%

Cas B - PAM/PFS ZRNA 4145 R - - A o
e IERTE FENE BN R -5 SCHk

Cas9 RuvC., HNH B G crRNA-tractRNA dsDNA v NASBACC [57]
dCas9 K iE B:NI;NC : oGt ctrRNA-tracrRNA dsDNA - - CRISPR-Chip [58]
Casl2a RuvC W T At crRNA ds/ssDNA \ ssDNA DETECTR [52]
Casl2b RuvC BT crRNA-tractRNA ds/ssDNA R ssDNA HOLMESv2 [59]
Casl3a Wi~ HEPN PFS crRNA RNA J RNA SHERLOCK [51]
Casl3b Wi~ HEPN PFS crRNA RNA J RNA SHERLOCKv2 [60]
Casl4 RuvC crRNA-tracrRNA ssDNA v ssDNA DETECTR-Cas14 [61]

#: PAM: protospacer adjacent motif, JRIFIHFFFIAH4EEE; PFS: protospacer flanking site, JRIFIREXAMFLNL 5, gRNA: guide RNA, [i1]4F RNA;
crRNA: CRISPR RNA, CRISPR J&Jij T RNA; tracrRNA: trans-activating crRNA, JZZUiiE crRNA; dsDNA: double stranded DNA, XU DNA;
NASBACC: NASBA-CRISPR cleavage, NASBA %54 CRISPR YJFITEHEMKIMIZAR; dCas9: nuclease-deactivated Cas9, HZFRAFRIE Cas9;
CRISPR-Chip: CRISPR i fZii; DETECTR: DNA endonuclease targeted CRISPR trans reporter, DNA P YJREfE# A CRISPR ik 5 F;
HOLMESV2: one-hour low-cost multipurpose highly efficient system version 2, —/NHIREA 2 R SRS 5 M, SHERLOCK: specific
high-sensitivity enzymatic reporter unlocking, S AU B IR 7, SHERLOCKYV2: SHERLOCK version 2, SHERLOCK 28— Ji;
DETECTR-Cas14: DETECTR contained Cas14, Cas14 /5] DETECTR J2Ji; VIVEAFAEXFEE; AREAFERFE: .

J1o BT RAEVUNGE TS, R T B K dCas9
Hi AR (paired dCas9, PC)., RCA %54 CRISPR H¥#iARid 41k
it F9 65 I 4 A (RCA-CRISPR-split-HRP, RCH)4331] FH T4
KA B RN RNASAG I 70 £ 5 46 ) 451 Ja,
JIANG %504 CRISPR/dCas9 5 LAMP #l LFB Z54& 23k
FATUTTRERI, %R dCas9 HyFe R 5 BE
T BRAE R S Y 5 R AR A PSSR, AT7E 40 min
Xt 41 CFU/mL M0 1] IR T L i A o

4.2 CRISPR/Cas12 fE B &N p R

Cas12 ZH1UHE Casl2a Ml Casl12b IFPIEEY, — 1y
BA A UIHNE T, H S 8 e 7R AR I 45 5
NTZ . BN, CHEN PR & T —FPE T CRISPR/
Cas12a BRI J5 2 F T I R IR S, TEAN TG SR B4 1
B |, AT R = 1.13 ng/ul B%% N DNA. JIANG
SOOI st —FhEE T Casl2a A4 P B T L B B mEmp 437 2
#J(cationic-conjugated polythiophene derivative, PMNT)
A & By ] LAk A I 7 9% (Cas12a visual PMNT-involved,
Cas12aVIP)HF KIGFF#H O157:H7 BRI, % )5 ¥ 16 RPA
454 CRISPR (34l |, 51 AT PMNT(—F A5 ssDNA &5
B, SR AR B R A, S R K e
B, VRS EBUE YR T ATLE 40 min P, 7E H AR
SN RSG5 R, HANTT ZAE BT SR A 6L . FANG
ST % 7 —Ff RPA 454 CRISPR/Casl12a K7 i
TV AR S0 BUAGIN, AR R A S B S RPA 372
BAEE—MER PR, I RS e T
VEAIR, W aE 1 R AN IR ARG 5 AR 43 B vT 3k 10
copies/uL #l 1 copy/uL.

Cas12b SRUE T REERTH AR, oo dd S v o 1 Hipth
Cas [, HItYS LAMP H3#EY, 5 Cas12a AL,
Casl2b &M RNA S0, I A AR AR SR T
crRNA F tracrRNA, [FILET Cas12b WA A HA H
AR S e SRR I AR, WU U0 Sy T — il
LAMP %54 CRISPR/Cas12b HIAG A& 2 F T il v i 5 e
BRI, Z IR T IRERE DNA A LU AL & R
BERE Y 3G, DATH R BHE 35 RO s B TE 3
4.3 CRISPR/Cas13 7£ & f#&M 9 <2 FA

Cas13 A 4 FEAY, 2288 O A A R DIR1E M,
5 Cas12 RRIAE, 8 E ARG RNA, HH
UIEN G R RN BAEE RNA YEATARSSE D&, Ah,
Cas13 AR KB T PAM AL, T
PFSU, 76 £ 5 KR, XIANG %172Vl T ik Tl
Jiff % Bh § 3 (recombinase aided amplification, RAA) Fll
CRISPR/Cas13a #-&EMIRTEN R gk iA R, W] [FE
Kl 4 FhA3rr e, A R BE KT 1 amol/L.

4.4 CRISPR/Casl4 7£& f#& M # RZ A

Cas14 Ji Cas & [ Z R O ARGE M i/ MOAZ RS, LA
AIEANTT B PAM o7 5 (B L T XFHERR ssDNA HE1 TR, A
TS S R WIENEPERY, 164k, Casl4a Xt ssDNA ARSI fE
JIET Cas12a, HILEAREW LM ERILAZTRES
PEFEI 3TN HAT, Cas14 FEED AN AT (I 5T B0,
WANG %P1 ZHOU 254535l 57 T CRRISP/Cas14a FKS:
M5, A EATEMEN, (EHAR N FE ARS8 —HAIE
S T Casld WEER R, ARAHIFLELILT
CRRISP/Cas14 FIRHME AR FE AN, 33 BT
25T Cas ZH FALEES ARG 4535k Ay 1y PS8
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3 CRISPR/Cas &R A & mid M & 895 A
Table 3 Application of CRISPR/Cas detection technology in food detection

R 5 12 44 AR Cas %[ A B AR ERczAlb B A A i) 27 30k
Cas9-LFS WK Cas9 PCR LFB 10> CFU/mL - [62]
CALL W dCas9 LAMP LFB 41 CFU/mL 40 min [65]
Cas12aVIP HIFT Casl2a RPA i A 1k 40 min [66]

O157:H7
UDG-LAMP- .. s .
w1355 1 M- Y 2

CRISPR/Cas12b I L PR Casl2b LAMP 5t 1x10* CFU/mL 40 min [70]
hMC-CRISPR AEHTRR A Casl3a RAA DS <1 amol/L 60 min [72]

71 LFS: lateral flow strip, H# 5] 7 shli% 45; CALL: dCas9-assisted LAMP-based LFB, & LFB % {4 (%) dCas9 BB LAMP #5:3l| J59%; UDG:
uracil-DNA glycosylase, FR W& ¢ it 58 A% W5 A% R 4 15 i ; hMC-CRISPR: one-step detection method based on RAA and CRISPR on a
high-throughput microfluidic chip, 3&F RAA I CRISPR )7 i fERLI #0 F— A Jr ik -2/R B SCARHE 2 b ) A8

5 BmEN POCT HARGFER B KI#H G E

50 RYERSHHRME

IAT Fl CRISPR RG4S 5 REfS I koIl R U, 5
W R ETE Y 3 W B D IR 5 7 U 5 4, B
RN S PERRAR, & R PR PESS R — Bkl ik R e
AR MR XA T R, (L Sy 2fe R 4503 WA %) i ) At
NP — ], TIAN e a7 — b 1] A e it o
Ay, FER NS T RPA i b, 1ifEH#Edt CRSIPR
Ay, TEHM ARG PRV . LIN 20700 ¢
ST R TR RPA 454G CRISPR —#R LA+ R,
AL AN M S B RPA 2H 73 Al CRISPR 2H 73 AR 725, ik
4’7 CRISPR ZH43%F RPA #4520 .

Ak, ke R S A YL IR AT # & CRISPR
K A R AR, Fin, MA ZEUF % T —Fhs @ Ft
A8 CEE I T V0 T R B B, g RN T 4
K BURLARIC A HEE DNA, AT i B AR A RN AE b
A3 S BR LE G K IR R B ARG, KPR AT 35 1 CFU/mL, LI
S8 S T —FPLT RAA fYHLIL2: CRISPR fEW{L I
FHF A% A0 3 A= 2 TR R R, 32 R D) B P
{6 TR B Hh AL 24 5, Kol SRS T 0.68 amol/L
SRS T R FAE
5.2 HMmETAIE

4+ POCT $i A BRGNS MEEAR IR, TEIES
PrytEy, R TEIRIBIGERTA IR . S E AT,
IRV B INRE AR 4 | YA . ALY R
BRI S AL SR 2 0R, NMUFERTFES), T H AR5
POCT i ARMEK , 4K 4 A SIRRIBIE AR &R E BT
A, AH—A 2R A IR BURIH AT 30 min DA I, FLAKIS
FELIE M RBUNLES, AR TFIIGK . Z iR E R —
MGG IR T B, NIRRT B | AR, 1ERmAG
W e — BN )2, MYHRVOLD 2575 % (i ik 42 B
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