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E F CRISPR 1 RNA #& $5 AR 7
EETUSHN B9t
ZEN ) & SUIE RN 9

(V IV ERFR B ERE , KJR 0300015 2 WL RSHTT T K25 B AR AR ST T, Bl 310058
DONGFRETE L, TEE B A TSR A, JEat 100038)

EE UL R S T SCE A S HASE R 1 (CRISPR-Cas) RGBT FAGIIF A, N BEATIR A RNA 234 JFRE T
BT . L5 RNA KN 75 R 2B . P TPtk g9 S )8, ELLE NvE B2 Mt | R S Ik I i 3SR, 3k
T CRISPR-Cas Ji /1) RNA 45 Il 4% /X 3 52 CRISPR RNA 5 Cas £ IS R RIRAIALE], B A 5503 5 JLBREEAE S AL
FEHRTE RINA KGN 52 S50 119 [ 0 W45 5 43 AT s8], AT S M A Al g s B, 30 e i R s 485 205 4 S e KA ik
B SCRERAE T I B TG IR 5 B 5 005, A 85 shik BE G 56 ik & e o AR SE bR F AP T A AE SR T4t
it 5D SN B AR HEACAS I S A ST R e . SRS o I T 28T 22 EE ARG N AOR S0, oA R ke, Rl IF
BRI A, IS — 0 AR SR B E . A SCRGAE T CRISPR-RNA KM AR B 507 A, B

AAEAR AE R S AL SR I BIE S, Bk BEAR IS HOR A BT A J

KR R MR SCE S (CRISPR), R ] BR L Ml SCH A ARG (Cas), RNAKG, JilFRHoR, IEEHR
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PA7ist BA A IR A TR T 2R ) i A (S B — B
RS I, VL TE IR S E  . RR
10 DA K B 9 R AR G E R A S B i T (B . T
RNA 7 FRGETER 22, HAR R AEYE BBk
A R BIR B B, Ak RNA R R
U B BT, AR R R
KHEPEUEE R, HAH 2R i (il
H HBB mRNA |, MEj s HTN3 mRNA) N4 PR R
PN E R T R TR, S HAEME R . KR
B XTI A A S, SO T E W &
REMANINIE RELCEE . I, RNA KK
it ) 12 R KB e R R A S A (AN
VLA . RAE RN BREY)) WAET B HERT . A=
HAEBRIRES T (NEE . 29WREE) JTRE T HnE
2o AH 2 Y HT RNA A I 7 3 (3% 5% 5% PCR
RNAMT) BATSH ARG R f, BORER
FUBAEE R, AAEAE R R EAR T B b AL R 122
BOCAENEL, Sk SRR S RIE N . BEE A
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B NEUIE O 5T IE S 7 35 R ST R SR T e i =
(clustered regularly interspaced short palindromic
repeat, CRISPR) H{ARMYF# RNA KN & 48 (4
SHERLOCK, DETECTR. FIND-IT) fEff5Hm &R
BB L e R AP A T B, 3 e T
RNA R, JEHGETEA W bn SR . o S A i
AP s DU AEOR 3 HAR
#o WS . HORPRES AR R A )y Tk T &
4543 Hr T CRISPR (1) RNA 6 A 7E vk [ 45
R FH I 5

1 CRISPR-RNA#: N A EIE
CRISPR R 4G & A7AE T 240 B Al 40 B — Fh A BT
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PEARIE W A g2 B AL, 38 2 1) FH — B RNA R
IF A A 2 AR 17 DNA B RNA 874, HI)hE
SERBUINEME AR RAZRRITS, X TR
PERERE, DOAEIPUREM/ER . CRISPR R4
W5 CasZE 4 (Ul Casl2a, Casl3) Z54,
CRISPR RNA (crRNA) ! i) i 51 4 %€ DNA 1§
RNAJFSI, fil& Cas &AM RS, ST
H #5% DNA 3 RNA 19 i R e e i > (A
A, 4 Cas A (U0 Cas12a) A B iH 51 il 2
dsDNA #AR, AHAESE R R o nl 38 i 0 5% Sk g
RNA 7> T4 W HANDNA J& , [RIEERERSFI X 2%
B TS RNA FFA BRI ' 3 i i
(AR 2 I KW, A1 30 R T DNA RS- Cas 2R
FI#E RNA K b i 7 FH AR
CRISPR-Cas £ S LA 71k AR % R i 3 72 ]
PIor-h325 . dEN. ik, TP, B REEN,
A TR A A7 B AR, — e B AR 1 5 U Cas
1 Cas2 4544 P 3 4% 2 Hh AR A5 1) [ B8 )5 51 91476
A CRISPR EE[H et o 78 F — IR [FIFE R BE AR
B, CRISPR &[] B8 7E i 5 X A 45 T e sk ik A
o 18] B X 1) £ & P 1) pre-crRNA,  iX 46 pre-
crRNA 274 Bl i)V T Bl U 1) e A7 B [ B
A48 5 RNA (guide RNA, gRNA) & crRNA,
gRNA & crRNA 5 Cas £ F1 45 & T2 AN 59
Horfr erRNAE R 1) 5, AR B 4D 4 R P R FE b
DNA 5 RNA JFFIIE I 305 Cas 8 FI/E 0 A% IR il
DIFIRE AR, DA B A SN IR AR AZ TR 7 o T AT 1Y)
CRISPR-Cas Z 4t # 4 i T gRNA 5 crRNA #1745
SPERYBR . 24 gRNA B crRNA 1Y 8] B8 5515843 5
J5i 8] B 4P 4% & ¢ (protospacer adjacent motif,
PAM) 04 J5[H] Bl 3275 %1 (protospacer flanking
sequence, PFS) HHSPMHRITHIZ2AC)E, Cas HxR M
MR RETR ), CRISPR-Cas 45 5 ] T4t
R g, HE [ e 2 — ok o SR A R T AL
TEJCRTIWFSE R, CRISPR-Cas9, CRISPR-Casl2a
H1 CRISPR-Cas13a ¥4 2 9 & B AT LA AT B4
) DNA FI RNA F Bt ', FE5]J& CRISPR-Casl12a
H1 CRISPR-Cas13a ZE# I 5 7T LA DI EIHE 751
JEIFEI % DNA FTRNA, 356 — ¢t ] DU F 460 095 Jist
A s BT RN 5 PR AL
i, A VF W5 A I ] ks Cas 2R O HE AR
Wi A, B A4 e CRISPR R GE iR I 2 i,
L BT RNA SEAR AR 47 AR & J e S ik, 3
1A orRNA B 5 (14 2 51 ) 5 s S0 6 v

i 1o

TR, IR T 2 R i R BE e T ORI
CRISPR-RNA Kl A £ .
1.1 SHERLOCK
enzymatic reporter unLOCKing)

SHERLOCK $3 A py iy i 7 5K B AT LT 2017
SR Y, ol SRR R (1] G 2
AW 1 (recombinase polymerase amplification,
RPA) ) JCKTEN () DNA % RNA #l 45, FE3EF
CRISPR-Cas13 R VUIEIRZIRF S, WIAE2 h N
S5 B amol/L 250 A AN R AU 5 e ek N
BARTEWAER B — L84k, LA SHERLOCKv2 f)
I, WS T 2W0, ¥ Cas13 /Y 5
RPA YRR 1 O ke &, 7eRnllge s H s
TR, 35S E] zmol/L HN M R | 28
PERT LAY ZE R . A . AN [ i . PR
FECARR SR LA N 22 % 2 T LA S5 300 e e T A
&= e bkl = R A S I S e w1 S
A, AR RRAG ISR AL T —Fh Z D R A%
BRI EL AR 2 (& 1), S A 4 AR K AR 2 A5
XL T B A MR R, X — ki bRaRE
CRISPR A6 I 43 A DA S5 56 5 1] W37 107 H 114 ot 2 5
Pro TERBE A, XMm R TR ERE
P FRE M S I AR e (AN fik DNA L TR & BE
RNA) AP sRG E 1 o s . Hoas e 4546
B S LR I P A oK R, U R
A BT I B2 1RO B T 38 | gl S5 12
B2 H LA IR AR I RNA BRic ki =, {3 B AT7E
T2 B 2 S B b i LA T R ) i g — R R R
Ll
1.2 OR-DETECTR (one tube RT-RPA/DNA
endonuclease targeted CRISPR trans reporter)

OR-DETECTR 5 A it it #& 5 33 e 53¢ o 20 il 2%
AP (RT-RPA) 5 CRISPR/Casl2a 45, #
TR E SR ZE S AR BE 2 (SARS-
CoV-2) My—RMLRI AR ' HAZC RIS AP
ANYYBE, 1S RT-RPA 76 25 16 45144 T ¥ 0 55
RNA ¥l 5% 5547 3% 4 X% DNA (dsDNA), i J5 i
it Cas12a 8 FRF S 00 97 5 7 ) v i B2 I 471
(1) o AHET WA T8, A ARTEVERE 5 52
FHPEDy T HAT B L# . RT-RPA Fr B I £ 30 min
N5 RNA [i] dsDNA Y= 2454k, 454 Casl2a 5
258 0S4 S 7y e R RO, el ARG I N (8] e 46 A
50 min LA P, %1% 45 RT-PCR 20 R A7 1R K Y 41
Th o 2B HE s R R R 2 10 5 DL/ RN,

(specific  high—sensitivity
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SRR &Y, FRKFE CRISPR 2RI
GIRCE IS UEHLS], AR X AT 5 B AR R
B o BRI EAS WP S m R S R,
2 B e A I v B BN T . FERE SRR AR
(CUNBRIH MR . BIBZHEY) B RNA ZFrh, HAER
PP SRR T XL R e s M AR, JF
PEAR A T S A W UE B DR R 531) 5 0 U 4
BETRIATIEOR AR DO

1.3 FIND-IT (fast integrated nuclease detection
in tandem)

2021 4F , Liu U7 45 4 18 #0H Csmé6
(TtCsm6) 5 CRISPR-Casl3 Bk R IF & T
— PP RNA K4 AR FIND-IT, & - B 3
Y12 Wi o FIND-IT A9 K I B B 3 22k orRNA K
CRISPR-LbuCasl13a 5| 5 %= 8 J¥ % I Jf ¥ &
LbuCas13 V#1575 1Y LbuCas13a EA & =
PIRIEYE, B TtCsm6 3T FI7E A-U &L DI%], 115
TtCsm6 JIE 5 AR R TE R . MR TtCsm6 3
157755 TtCsm6 (1) CARF Z5 #3825 5 I 3406 TtCsm6
() HEPN 25 F 37 A RNA BFIG 1, DAY B9 6-0%
KAG TG A9 ES (Bl1), FIND-IT £
BELATCH A B AR i B R T ARSINE R, JF HK
o 28 42 5 25 31 8% UL/l [RGB ) 4 e
20 min, KIEHE 7 T CRISPR-Casl13 245 52 Bl 3

RPEHAGI A BB 7 o AHAL 5 CRISPR-Cas13a Kl
HAR, FIND-ITi# it TtCsm6 /-S4 1E S R HLI
FEAR A RPA KR TR 1S 4514 N SE B R
fORE, X — BB T AR B T B8l CRISPR-
Cas13a K £ AR X 52 AAUZR VLA M . XU Dy
[FIVE PRSI B 22388 527 3 4%, X SARS-CoV-2
RNA [AGI 72 80 4 5l CRISPR-Cas13 RGE 42
2B, IR E R R T 99%, TR A
FBEARM TR 7 (HFEEIE RS, ZHEARM
Wy BEATS A7 AR T R FH BRI, TtCsm6 fl g $Aus ]
REXTH RARTI PR BT T MG R Pk R, R E
XSRS 7 A 22 X6 15 2 0 ) ) e e, mT 8 5 i
SEIRMMEIME, SRS RINFTE T LIS 2805
FE AL LGS R B BT AL R TRIAEE IR, # i
BRI ERELERS =T, XFILHE
PR AT 1 B S DU A 1 T A SO 7 14 7 4 5 e R
AR YIRS R B T5 Yok . BAR H AT
F LA TR BRI A A FRGE , (P
DRSE 5 1 B R B AT vp 1 20k P i R R 7 2R
1R BEVCHC R IR X B BT RRE M RNA ARl
YIR R (INERREEZ) Y, HHE L T7E 20 min
SERCREIN, 3O B I A ROR HLE TR
FHBME o AR AT IR ZR G TICsm6 R 48 515 R
SEPEA bR AR ES A I EARGE R T % o

SHERLOCK ssRNAZE HEHE KA 5 Rl F-
37°C 20 min 37°C 30 min=3 h @ / e
‘ — @
RPA = CRISPRA I w
RNA
OR-DETECTR SSRNAZOEHE K AR A5
37°C 30 min = 37C 20 min ‘Q- /e
= > OB o —> @
= CRISPRA I @

ssDNAZ LI KA 35 K7

Fig.1 Schematic diagram of the principles of SHERLOCK, DETECTR, and FIND-IT nucleic acid testing technologies
E1 SHERLOCK. DETECTRHNFIND-IT#ERH M AR EREE

1.4 HEuHFEAR
Wi CRISPR-Cas13a A6 M A% #ii 52 56 25 1% 55 .

PRVEE LSRN, ST Tl R bk U4 A R
PEEL, PT84 . CRISPR W 5155800, #y8E T%
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T A 5 CRISPR-Cas 13 H R MIEECE &, S8
T OCREARBISER” B H sk 1,

LRGN A TR A AL ] | $EFRA%
PR 14 5 Cas 13 KB HAE Bl TR0 s BHEAR
3 SaifbBE, EadFRY R (i
LAMP 5 RPA) Pl & (EHbRIZR, BG5S EZL
B EE . Bl iAWl E Cas13-crRNA Z 54
556 R, 24 Cas13 HBIHAR RNA 5, H
YN RS, M PO RS 5
I 22 PR EEARE AT RIS 2 Rl A, 4
582/ B, o 0 R s O 6 sk 0 NS B A S
VEF SR SRS I N T ki sh, 4560
T TN 2R S5 Y Ebm s i, ARGk g X5
Yoo R RS BUMBTTHE . ek LR f
AL RS, FEE T IO S0 T A (s S A D)
E5, TIFE 60 min PN SE R, R HUE 53] amol/L
IR 20

ZHARN BE SR SR (5 qPCR
R I &5 SR — BME >95%) . R4y 22 5 A R
(Za@EYEE) . RS IMIAE A (FLIEE
EEEX R, DA RARARA R I SA . Hk, g
PuiBhs . 28 R AN TI A FR R S i K PRI SR
WA 7 s 3R T —FI BN . S o F 2
fithJ5 %, IAh, HET Cas13 XF RNA $47 A4 2455
FAYPERE ST, G IR AT SEBU B AU S (A
SNP ) Z ARG HEIX 43, &4 e T HAe R
SRS RGN 5 0 v = v B RV S Y S — g
A BANTF & T 36T Cas13a W HL AL 2L s, 8 ik
THEES P crRNA, BN TE G RAEAS A I 2] L452R
KA, REERRN 1045 0/, HE5W L4
—%, GEM] T ARSI SNP A7 5 A Sz A E
[, (258 RNA Kl H AR (RT-PCR %) KA
ZAX B G RRIC, T CRISPR RS AR H AL T
S ZME ST RE 6. AR T —FC
[ PRAET I AL S, % Cas13a 52¢HR 10
() RNA 2+ F-{5k5 FAM-RNA-MB (W HI3E1%) 454
fE—ie, 4 Cas13a iR HIHEAR RNA H3iE iU 1%l
i, FAMARICH ssSRNA Hiz 8553 F oW, Bl
fR2EA5 4, DT S8 B Z2 g [ 4R RNA (1) [R) 25 46z
W TR E TR A e L, L TR
VEVRFE, FBRAEZ 1 amol/L, H.AJ7E 60 min PN 5¢
751 8777 el S I g 8
1.5 HEAREHR

CRISPR 4 A R AF FLAM AR 1 U0 S5 A R A N 43

WURBL EEANME, AR BUE RSN B By
TG RNA R, R [ X A0 i i o4 A e A Asf 45
TREFRRETERE, kB U 4 B 2 P dR It
THALRE 2 R, ERATRSRET, 52
AF 5 AT BA AT XS 8] 8 2 T S i SR OB B T AS [ %) e
% . SHERLOCK 4t i ¥F| H Cas13a 11 e X
DIEIE R S | ARG I, I FLAE AR EER
SHERLOCKV2 HHk A RPA £ A {15 2 G152
K TF . OR-DETECTR % 45 Wi 37 RT-RPA
Y Cas12a WM FIVE A€ T — I f i i s, O
RT-RPA " $% F1 Cas 12 K I X B Bt 52 W (43 31 78 £
UE SARS-CoV-2 il Pk iy [al i, kg SO e 4
250 min PN, IXFP S R RSOR (AR A AE R L R AF P
TR AR . M2 T, FIND-ITH R
T3 REBEAR MR T W AR TtCsm6 25 14 EE i — Fil
PIRBHAE VAR R, FLICTE RPA HEAT HLY 1 i) A6
DRSO R AR & E T, S
XU E R VE P AL I B0 7 2804 T 3 4% 2, 3 3
B N NV Y R N & e e e W T E R T AR
A: SHERLOCK AR EARFE Y H AR T+ R,
OR-DETECTR ¢ A W] J2 36 3xf X # 45 ik DA A R L AS:
RS, T FIND-IT 5 AR ) e A 20 ke
SCIUE S AR EOE K . XFPICY S AR AN
[N FH e B I T ORI R e f 20 DAISE & A
AR, SHERLOCKv2 A4 4% i (045 55 fic ¢
PRI = HoIX, 1 FIND-IT B9 6 /ey W E T
T K7L, M CRISPR 2 Wi AR A= A5 1032
o

RG] 0 2 (14 R P T A Sk 2 B TG A IR
W LA CRISPR K 7E 1~2 h (N EP A 52 i, &f& 58
(ARG 79 (WNRT-PCR., RNA I J7 A Hoks 5 1%
i HFERHR K AR ) ga%a TR E], X PR
P L W AR SR I EE B2k g B R =
X P SEAE T2 E o RNAIREE, RGEA] [
W ZAFOAR, AP TREIN BE F1 7R TR A B 4 e v
A BIEHE. A SRS TR, AR
R RAEARON B A8 O SERE R AT, PTG B2
FIEAAI R RENS SCEURS HERI 14 2+ 277, CRISPR &
BE AR AL AL WAR R T sk, o
FEE TR BRI RGN TR PRI PRl
55 CRISPR Kl 3 & F AL &, Bl in e O 45
B ] 7E 45 min PN 5ERL 10 NHEARIEI A 404 ). e
HIRAUAE M BTFROB T P, R CHEA
YE-ZE 5 R IR 2, BRI ) R 45 2
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30~60 min **, JXLERFSE R T CRISPR AR TE(E
e A B A b g N W 7, R I = AE B A 5
(point-of-care testing, POCT) F1 ¥R 375 bk 8 46 )
FIPEH ', CRISPREZA M SR St MR U, 45
BRI R B AT PR A DR, A FR A HRAAE
THRBINEMTHE, kg b BA T
) I I 5% o

2 CRISPR-RNA# M R 7% EF S
N A=

RNA #3551 PR T 3L R A Fe e 418128
RUFUREE B (RS A& SIS O . ML 212 B R R
MRS, RNATERIE LM ES . WNEESM
JEARE, RNA RIS A0 0T LAER AL LR
AHER R IE FR 0k 2 SV S mT AR A O
HAAY, iR PR R P RNA Kk
M GBI S e A ) TR, e HER L
TR I AR REARA AR BRI B, 3% T
TR0 SR 1 o ELAT B E T . RNA PR I
X IR AR AV A BT (L A A ZE T B [R] Y 43
FRic¥ =z —, H5E I RNA A Wbn &l LL7ESE Js
HArpgRE], A B TAS T FE T 2 R,
RNA Z At AT DL T 4 F0 IR A9 8 st 1]
O FEALIEE 2, R
SE ) RNA Rk 0L, IEWISET- R A, L HAE
W BB DR e s e BRI
2.1 EYEREESKESH

RNA 75 A4E WA 4 08 5o I 3 A B i 2
g, FEARBE SRR MRME ., ISR
FREURE J7 DA K RNA SR ZHEML . RNA 0 FHA
HAVRERE, RRAEIRUNARRORIR, Rl IR
IKOFAT R 3 PR SRS, 4R AR e PE A B
AN TR VR B 240 L 25 23R FR E 19 mRNA, o K
I3 BE R G 1 mRNA, ] LS PR i SR R B
40, AbJE i ) HBA. HBB, H it iy
MMP7. MMP10, W85 ) CYP2B7P, Vi
W Y STATH . HTN3, F5# 9 PRM2. SEMGI
S5 L ) mRNA, AT A SRy AR A W 1 28 58 A
Py e, M ARG R AR, 3T CRISPR 11
RNA Kl B AR TEAR IR 8 R B AR A 350 Y
I 3 I AT 2 %E T 1k Gl RT-qPCR 40 %8 2 i vk
APAFAE R BR Y . RT-qPCRAURHRG 25 1R B 7 A
ZRB1 T, I B ARAZ R A B A A
fR LR BTN i A IR AT I B 1 AR AR R

W 2R R, H RN (R IBR e
HFng ). CRISPRECA i UL R SEm T ik
A . a. H: CRISPR RNA A {5124 20 %4 iR K
JE R A ,  BIVE AR AR e i o 5% P S
T, AT 22 3 amol/L & zmol/L % 5l it 46 1 3R 4
BE b KA E i crRNA P51 1) AT G
PP, BE AT S BV R 5 1 mRNA bR &2 1 5147
K, AL HS 2 SNP v 5, A4 RT-qPCR
SR BREGRES) MY o HRON ARG %
R ees, SiAURIB RS, Joi Ll A R )
SERCEE AL, EA AN .

CRISPR-RNA Fi Il £ A © 4725 b F A 9 4
WEET, IOUE T AR RN R 1. 3¢
ik FP 4R E A9 SHERLOCK 5 AR R E SE B 1 X410 1fiL
H' HBA mRNA R, HAGMIBR AT 34 0.001 ng, 5
BANE KA 1 FEIRA BB, E Tk
AT RANRE 5% Fe BB LR 5, ELXT 48 DNase 14k
P B REAAT R R R I 90% RS 36, S AR
REE FAL G A 2N . AT — A9l b i i
WA FERY B (RTLAMP) 5 CRISPR-
Casl2a RAL5 G, MINESL T 3T ALAS2 mRNA
(18 IR S PG I i, O TR R i R,
FEREVUINR AR AS B o I oy s 5 — 0
5534 RT-RPA 5 Cas12a {9 s s EIE M, SE8L
T I HBB mRNA 55 ¥ PRM2 mRNA K [A] 25 K5
W, FETC TR 25 52 IR A AR TR Lk 4y
AW | R EJR A CRISPR 3 AR 7812 B2 IR A BEAG
W55 80 37 RIVERE 43 B v ) S B iy FH B8 1 1% S 3 A
JER T HAEN T —RaFikE TRMERIET).

MR IE B )20 R A L T RNA FRAE A9 1A
PUNMKRZR, (B 24 I EA IR AR E . EX)
CRISPR-RNA Kl Ee AR AL N R EPI S . a TPk
2 T crRNA [ 51 DL SEEUR A AR R 25460, fi e
A HAXS B — BB M )T 5 b, T3S
FACIEBIA 0 TR EA I A, P R A e 1
H5MnaE e, 5 ERAME ARM L, CRISPR-
BERIIEERE | P HaE 1 S A a1 i 2 e B
BB, (AR B S B AR AL B AT T
s
22 ZETRFE (PMI). #4570 M IR B 7 By A iE I
BT R [E T

RNA H Hah AR PE S 2 ], vk R
2RI A FE T B [B] (postmortem interval, PMI) |
FAITE] | IR T BT (B B AE T TR D A A B i 4t T
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B . AL G T IR T AR R AR s A8 g5
BT, T RINA G I 368 o HE R i A 5 e s e 2
b, TS BEORG o %) B[R] IR T T
BILZhEEH (B-actin) . GAPDH I miR-9 % RNA 5
R B [ A AR TR Bl T PMILFE DT 5 05 4
X% miRNA (1l miR-214a-3p. miR-103a-3p) ()3
IR AL AT A BRI WA 3R] 25 IR 18S tRNA
5 B-actin mRNA 1 Lt {8 42 4k W) 5 T2 p 15 [4] A0
KM RNA BT AR AR B A T PMIT A IR
TURRE [B] v 76 AR s i

VLA, CRISPR-RNA KGF7 A PR H: g5 R %
AT gafett, S LIRS gt TV R R 2
LR T RNA 8 &% . 38 CRISPR-Cas13
R GEXTREE RNA 20 F R ) UM S5 50k, K
WA 558 B A28 £k 1T B B RNA Y Rk st ) 7 11 55
R, DA T A T A P R & 2 e T il
2 2 B-actin 55 b 7 0 11 [ 0300 T 46 Bl PMIT #E
Wr, TR 18S rRNA fY 5 2578 Ak m] e S p it
], SR, AR OAE T 9 RNA 2 =45
Bro HEFEC e m Bk, W Kang 5
il ik CRISPR-Cas13 R & T & L2 &AW
mRNA E 777, 1 Lamb 55 P WIF ] Cas13 5230
T VR B mini viral RNAs PR ERG T 3% 26 55 5
7% B CRISPR-RNA 7 AR 7 % tt A5 I v iy v] 474
S B 2E N B E T He A

JAE NI, CRISPR £ A B FH i [a] 4 Wir 475 i
Pk ik o T, W O I 56 IR 5 R 1k I 2 ]
(W PMIBEETJFE A ) g BE OCHK 1Y G5 RNA 73 FA
B, BN, B 2 miRNA 1) 55
FERTERNFE TR ARG B, O TR R AT
HREE miRNA 922 Sl iE— 2B 00 0E =2, ok, #
AR STAN A I AR . A TR (AN IR RNA
FoEtE) RARMECRIR @S A oemt . sesh, B
A SCHR T CRISPR 452 AR A B2 24 i g FH 2 4 vh 14
RS S SR ARSI, G B (R D 45 ) S e 52
BISABY, TeaEg ik (WEABRSHT) T
A& SIE AT AT S

MR E S E R TR — R E
CRISPR-RNA (& ik R, —JRMEikEEY)
SR RNA GRS EEE . RS Ll fr,
SRR FH A iR AR AR ELL . AR B A T
KB ZRIREE T AR e, ok, AR AT 1
M T HSES )k s, s 2B dEm s
PEr I RO B . BN, 254 RNA sh&Ab S

R E AL, BA miRNA 558 1 5 4 A
R, A REFE A 4 T A WTHESE
23 BYSHWIERSW

FE L PR 24T, RNA KGN 34 5 259 B e
YR RAL T R B . M AR IEAE, RNA
SIS FIBFHE AT LLIA W25 Y 2 FE 1 T R] SR,
A R A A e A 3BT o 4811 0 HE 2R T e e
H N 22 TV 2 /K mRNA (193835 7K - 5 1 25 45
REAEMIE 5 AP A T35 P e
H N Y w-F 32 /K mRNA 1955 858, HiX
L FHRICTEMEWR . B R S AEA P T K
] B 90 B T e R R 5 L A X 24 W AR A G Y
mRNA, CRISPR % 4t i 4510 9 34 5 PRET 3k,
ARG () R A TR AT, RERSIEUINR
B EEE R A DbRic . AN, 29S| R B
2838 W PR AR 255 I R E miRNA 1R 55, Wi
B miR-212 RELEE R 23R T LIRSl - PR AR
Fary Ak Fe bR, Bl R AR 4 33 miR-30c-5p
KT B, Demirel 4 U7 BFSY T H RO i
FHAEBC G N4 2 Hh 0 s 0 25 X RR B A RE AR
3 0 S S PCR 2 9, miRNA let-7b-3p i 38
ik, AT R H DR i ORE 12 W RNR YT RR R
X /N RNA 8 Bk TH I 320 55 52 28 A op 5L R 53 1)
Famtt, (9455 RT-PCR £ A [H 5/ S Ryiufe LA S2
PRI N A 40 CRISPR £ 4t W) A 3 s 7 422 2 5
miRNA J5 41, F & 3 72 5 4k ok 228 N,
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Abstract The emergence of clustered regularly interspaced short palindromic repeat (CRISPR) and CRISPR-
associated proteins (Cas) system represents a revolutionary paradigm shift in molecular diagnostics, offering
transformative potential for RNA analysis within the rigorous demands of forensic science. Conventional forensic
RNA detection methodologies, such as reverse transcription-quantitative polymerase chain reaction (RT-qPCR) or
microarray analysis, are significantly hampered by inherent limitations including complex, multi-step protocols
requiring sophisticated laboratory infrastructure, pronounced susceptibility to inhibitors prevalent in complex
forensic matrices (e.g., humic acids, heme, indigo dyes), and often inadequate sensitivity for trace or degraded
samples typical of crime scenes, thereby failing to meet the critical operational imperatives of forensic practice:
rapidity, high specificity, sensitivity, portability, and robustness against interference. This review posits that
CRISPR-Cas-based RNA detection technology provides a groundbreaking solution by leveraging the
programmable, sequence-specific recognition conferred by the synergistic interaction between a designed guide
RNA (gRNA) and Cas effector proteins (e.g., Casl2a, Casl3a, Casl4). Upon target RNA binding, specific Cas
enzymes undergo conformational activation, exhibiting collateral cleavage activity—a unique catalytic
amplification mechanism where the enzyme non-specifically cleaves surrounding reporter molecules, enabling
ultra-high sensitivity. To further enhance detection limits, CRISPR-Cas systems are strategically integrated with
isothermal pre-amplification techniques like recombinase polymerase amplification (RPA) or loop-mediated
isothermal amplification (LAMP), which efficiently amplify target RNA at constant temperatures, eliminating the
need for thermal cyclers. This powerful cascade—isothermal pre-amplification followed by CRISPR-mediated
sequence-specific recognition and collateral signal amplification—achieves exceptional sensitivity, often down to
the single-molecule (attomolar) level, while drastically reducing analysis time to potentially 30-60 min. Crucially,
the compatibility of CRISPR-Cas detection with simple, equipment-free readout systems, such as lateral flow
strips (LFS) for visual colorimetric results or portable fluorescence/electrochemical sensors, facilitates true point-
of-need (PON) forensic analysis directly at crime scenes, morgues, or field labs. This enables rapid applications
like specific body fluid identification (e. g., distinguishing menstrual blood via miRNA, identifying saliva via
mRNA), post-mortem interval (PMI) estimation through RNA degradation/expression patterns, donor age
inference via age-related RNA markers, tissue identification, and microbial forensics, thereby accelerating
investigative leads, minimizing sample degradation risks, and optimizing resource allocation. However,
significant challenges impede widespread adoption, including persistent environmental interference inhibiting
enzymes, fluctuations in Cas/amplification enzyme activity affecting reproducibility, a critical lack of
standardized protocols and validated quality assurance/quality control (QA/QC) frameworks essential for forensic
reliability and court admissibility, and current limitations in multiplex detection capability. Consequently, future
research must prioritize overcoming multiplexing bottlenecks for comprehensive analysis, enhancing system
robustness through Cas protein engineering and optimized reagents, developing fully integrated, sample-to-answer
microfluidic or lateral flow devices for user-friendly field deployment, and collaboratively establishing universally
accepted validation guidelines, performance standards, and stringent QA/QC procedures. Furthermore, the urgent
development of clear ethical guidelines governing the use of this highly sensitive technology, particularly
concerning RNA data privacy and potential misuse, is imperative. This review systematically outlines the
principles, forensic applications, current limitations, and future trajectories of CRISPR-RNA detection, with the
authors’ conviction that focused efforts addressing these challenges will translate this technology into a
cornerstone of next-generation forensic practice, driving unprecedented efficiency and innovation in field
investigations and laboratory analysis to enhance justice delivery.
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(Cas), RNA detection, forensic criminalistics, forensic field investigations
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