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SR PUIINEE AR RZRRITS, I TR
PERERE, DR EIBUREM/ER . CRISPR R4
W5 Cas i (W Casl2a, Casl3) 454, @id[n
S RNA (crRNA) # m] i1 51 45 & DNA 5{ RNA J7
H, filk Cas 2 1A B D) R0 PE, SCXT H AR
DNA 5 RNA {9 i F b i = (A2,
Wy Cas & 1 (W1 Casl12a) 78 B Y /& dsDNA
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motif, PAM) o} 3 Ji [a] & il 3 )37 51 (protospacer
flanking sequence, PFS) AH4E W0 % 51 2258 )5
Cas 1% % Bl it 25 24 ff JA% R . CRISPR-Cas R4t
e TR MG, (HE R Rk v R )
fa i T o FE SE AT A A 5E h . CRISPR-Cas9.,
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0 2 X 8 ELAT R R RNA BRIC 9 (10 2 )
(WNEERRAEZR) ™, BRI L AT 7E 20 min P 5E A,
RO R B N A ERCR AN . R
KAFFE MR RN TICsm6 R 405 R vE A= Wb
ICIHRZS A RS BT 2

(it SHERLOCK A TR
== N
37°C 20min —  37°C 30min-3hrs s h ]
—_— — _— _—
. RPA = CRISPR &0
g RNA RNA
4 ( OR-DETECTR oSDNA S EHTEIREET
RNA = 37°C 30min o 37°C 20min s ‘o
RT-RPA = CRISPR 141
A =
’p dsDNA
1.'7 RNA
s, ", FINDAT
%’ﬁ' ] \.
- — @

sSRNA SSEITTHRERT

Fig. 1 Schematic diagram of the principles of SHERLOCK * DETECTR @ and FIND-IT nucleic acid testing technologies
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596 RET, Y Cas13 H B4 AR RNA 5, H
SEUNE R, TR SRR IR o
I 22 RS GAER, wT RIS 2 R R A, Gn
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SR AR RGN 506 v R 2 v Y g Y S — iR
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ZAN B 5 6RRIT, Tl CRISPR 248 (R AL 1511
A5 ZE SRS G AR T R
o [ TR I L AL R, K Cas13a 590 EHR 1D
() RNA 43 F{Zk: FAM-RNA-MB (7 I 5:0%) 254
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YIEITE MR S | ARG Tk, I HLAE AR AR
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KT 4. OR-DETECTR % %: ) i 5 RT-RPA
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RT-RPA /" 384 1 Cas 12 #6100 X B B 2 17 ) 35 117 F
UF SARS-CoV-2 Kl Fie PR fy [Rl i, kg B4 e 46
F 5050, R B R SCR 9 P S 58 K R
Af LRI R E . AHEEZ R, FIND-ITHAR
) REBRAR SR T W AR TtCsm6 25 1 44 HE i — Fil
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R AR RAEAG S HOR AR R L 2 3 I g X
Jl: SHERLOCK AR SBARFE Y MRS T R,
OR-DETECTR $5 A U 2 3 ixf 3 5031k LA ff Ho A
T B4 S, T FIND-IT S AR ) F 9B A J52 1o ok
SEIE S AR EON K . XFICY SR AR LA
6] 1 37 SR A TSR A e 8 200 DA A MOl 1
AR, SHERLOCKvV2 ff i 4K 2% i (0458 3 i ¢
JAEE = Mo X, T FIND-IT Y756 6 By & 0 T
LAWK 5, OB CRISPR 2 Wi R A4 S 0 %
ot
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i LB AR ) da % TR e], X TR5 2
Pk 2 W F ok S ik IR e i A
X2 @ 2 T o RNA RS, RS0 R
M ZAHOAR, XA TR BE F1AETR A B0 45 2
HHBARE AR ER S TH, AR K
R AR A8 A S HRAE R AR, P LAEAR L2
POL MU B8 52 IURE A 1 2 7, CRISPR
RGBS A BT 2 T AR
WFFE T e R R GO A TR P, PR
H4 5 CRISPR KGR & F AR5, il e 0o i
P25 B0 L 45 min N 5E K 10 AR R0 #r 2
B AR 4R 2% 1 s FHEDORL ™ T, RES
CREAGE-ZERT IR, BT R R
% 30~60 min ', IXEERFGYSEIR T CRISPR 4% AR 7E
EHE A 25 T N I T, R ) O AR BB A 56
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RUFUREE B[R] TS S O . ML 22 B R &R
S, RNATERIE B 2Es . WIkESMA
JEARTE, RNA WFRIK 5 AR 00T LAFR AL #RR
AR SRS 18 235 1 2H 2R S v AN A G
HAUEAR, Wi R AL R B0 RNA FRiksr
M BRI S e A ) TR, R ER R
RIS W) AE IREARA AR BRI B, 306 F
AR A0 S 1 o LA R E T . RNA BRRE I
XoF PR AR A B RO el R A FE T B ] 4 53
FRic¥ =z —, FEE R RNA A Ybr &4l LLZESE JG
ALy 2], A B TAGFE TR R 2 (A,
RNA Zr At AT DL T 4 F LR A% Bt ]
§5 0.0 o e e L | B Wi U E2S50 g I - B 1T BU R s K
FEHRNA Rk GO, AT LAHEWTSET- RN, JLHAE
W B B DR v s R BT
2.1 EMEREESFKIESHT

RNA 754 PR 8 5 R IE A b A 2
hH, EEEIESSFN. SREE. SI5ER
FREUHE 77 LA K RNA 5B ZFEAL . RNA 4 FHAT
HAVRESE, BEMSRSBA U BIAREORTR, [RIR L ERA
IR AT R 3 PR A SRS, SR AE T PE (S B
AN R AV T 7 200 Jf 25 3R R 19 mRNA, 3l o
X L 5 B9 mRNA, 1] LK S8 R TR 2
i, b i b 9 HBA. HBB, H % i
MMP7. MMP10, BBy CYP2B7P, M
W) STATH . HTN3, 5 ) PRM2. SEMGI
L5 L ) mRNA, AT AE by A A4 W0 28 58 A5 i
Py B TR SR I H AR, 3T CRISPR 1Y
RNA A I H AR RIS 7 R I R 5.
I 2 I AR 8 RE T 15 4 RT-qPCR AN A 2 M 72
{FEAE R BRYE . RT-qPCRAURISRG 25 BRI B4 F AT
ZRH1 I, I ECHEARAZ R A B AL A 4
fR LR BTN G R AT I B b A A R
Dy ST REAR SRS, HR SRR ORI R &k
ng 4 ). CRISPR A i DL N EEMEZR B T Lib il
Hi: a. Hin 5 RNA AR 2 20 A2 R K 1) HE
JEA, RIVEEREAS R i ol il % B G 0 T, 15T
SZFY amol/L 2 zmol/L ) A6 I R AU 5 b, H
A3 TN ML 5 crRNA JF 5 19 ] g A, B nl

SRR S mRNA bR AR, ]
K 5 SNP 37 45, M4 RT-qPCR H £ W i (15
BEEARET M5 o HRB AR %5 0 IR 15 7%
ERYCR I IS, JoRT Ll A #S B AT 58 sl b A H)
B, WA

CRISPR-RNA K I £ AR & 9125 v H T4 ¥ 4k
WEE T, BUE T AR A e T R R ). 3C
ik HP AR 9 SHERLOCK 5 AR 8 Z SE L T %5 #1 J& it
H HBA mRNA (AR, HAG I BR 7] 3% 0.001 ng,
SEANE BIKAY " EIRA BT AT, %07
ET MR ER 5% EU B4 I R 53, HOX) 48 DNase
LAk 30 0 R R AR A TS DR B L 90% [ HH %8, A
PEREIE TR G e 2Tk . B — IR 5 3 e g 2t
R A S ERY ¥ (RT-LAMP) 5 CRISPR-
Casl2a RGLGEG, WMIE T 5T ALAS2 mRNA
(IR R S ARG I s, ik B e RAE
IFRETRBITR A FEA A SR IR AR A3 . 53— T
F5¢ %4 RT-RPA 5 Cas12a (e U E G 1, 23
T Il HBB mRNA 545 ¥ PRM2 mRNA 1Y [F] 20 £
W, AT T 1 S5 R S8 B A AR A e 43
R 2 S CRISPR 1 AR 78 15 B2 IR & BEAS:
N5 80 37 RIVERE 23 B w49 S s By FH B85 T 1R S A
JeR T HAERN T U FEE T HENERE .

MR IT E0) 204 HE R I F RNA R BRI
PUIMA R, (G 2400 AR AR ER . EXT
CRISPR-RNA H il AR AL AL N R AP AL a FF
% % crRNA B9 DL SEBIR A R W R AE A, it
PPN F AT P — BRI RIS M ) s b, EE TR
FTFARIEIZ 5 AR A, S mkiife e
PESMIZE e, 5 BRI AR, CRISPR
SEEAERIEERE . BT THERE ) SO AR iy R
P R, (AR B S AR AL SR AT)
NG
22 ZETBTE (PMI). 1545 %0 MR B9 72 B B 8] 1L
KL TR E T

RNA N H SRR S i, 7Evks
2SR FE TR ] (PMI) . RG] L IR
B ) B AU T R TR AL TR B . ARG AR
TR T R A A A A B, T RN G 03 2o
RS b ARk, AT SRS 1 e
() S 156 14 ) T ' il 4N, B-actin, GAPDH I
miR-9 45 RNA 7 25 4 14 [ A A 8 2 9 T PMIL A
T o), BLSAHOE miRNA (4 miR-214a-3p. miR-
103a-3p) (ZRIAA5 4k A4 B Wit A s (] 205 i
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JKE 1 18S rRNA 5 B-actin mRNA [ {8 2246 57
B R A DG 775 RINA A9 S 3 1 A 728 Ak i oy 95 0
PMI IR GURR R ] () 7 1 AR R s

VT4EK, CRISPR-RNA AGF A PR H e 2 4
AT g fett, b BRI Ut TV B R 280
HJF T RNA W2 588 . 384k CRISPR-Cas13
RGERTREE RNA 70 F R i SO0 51550k, &
A 550 5 (0 A8 Ak 1T 2 e RN 11 26 35 v ) 7 11 45
R A, DA T AT A W R & A s I il
241 Hp B-actin 545 9 14 [ A 40500 T B PMIT 4
Wr, T LR T 18S rRNA A 5 2548 £k T B S pl et
], SR, ZFARMIAZOTE T I RNA 22 547
Bro HEIFSE CAEMTT M U 2F ), W Kang 55
i if CRISPR-Cas13 R4 & T mEZEAMW
mRNA E & /7%, 1 Lamb 5§ ' WIF ] Cas13 SEE
7 VR B mini viral RNAs PR ERG TN 3¢ 6 55
< W] CRISPR-RNA £ R 78 5 1tk i o 9 o] 47 1
R e N B T B A

RUENIE, CRISPR $7 AN FH T (A1 HE Wi 475 1o
Pk . 5, T O I O0 IR 5 R 1k I 2 ]
(W PMIBEETJE A ) e BE DGR Y G5 RNA 3
B B, BV A miRNA ) 55
FIRFERFE TR ds & B, O TR TR SR
TR miRNA 9 22 55— 2D gk = Hak, 4%
ARRHAAG I R A . PB4 (AR 1 RNA
FEME) Mbr AR S TR oS . A,
A SCHk T CRISPR 2 AR B2 24 1 I FH 22 4 v T4
WS S S AN, LA S R DRIy S 1) 52 e 22
B R, TG Eg T (WEATST) 51T
A& SIGUE LIS T ]

METF R ESER TR — 2k
CRISPR-RNA [ SRR, Rkl
5t T A RNA ARS8 e . RS IR Bl Ay, 2
SefR g FH A R o AR AR L . AR BB AT
KNS T R, Aok, AR T 1E
kb THSEG AR S, W 245 dna G
PR RIERORS B . flan, 254 RNA A LS
Uk B2 A, S-S miRNA 5 8 5 5 A 5
A, RTREIE BT 4 T (A HEWTHESE
23 BYSHWERSW

PRI BR800, RNA K 89 5 259 i
YR AL TR RS . M AL SR I, RNA
BNAFRIBFHE T LB W25 2 # iR ] S,
HAE TR A RS AT o 51 R PR e e

N £ 1 e 15 K mRNA 19 2635 7K 7 5 FH 2445
REHAE 5 FERUBIAIL I A7 E T 1 7% R i
HRN Y w-F H A2 /K mRNA B9 55 858, HiX
L FHRICTEMEI . B R S AEA R AT R H
) s 0 8 T IR SR VR o A o 2 AR A SR 1Y
mRNA, CRISPR Z 4t i 45 9 14 5 3R 6T 4K,
(ARSI F) R AERE T SR B TG00, REAEHETRUITR
BB ARIC Y . AN, 25 S | R B
2238 O PR RS 0 23 2 A E miRNA 5K, Q%
U miR-212 A RESEME R 228 T AR R ol - PR
Fary sk dEds, Al R R 2R R 2 3 miR-30c-5p
RGN 5%, Demirel 55 7 FSE T H IR N
FHEBE I N 412 r i B e 55 DR AR B RS
i 3 5 B HE St PCR & 1 miRNA let-7b-3p i 3
ik, AT A H R I ORE 112 W RLR Y TR R
XS/ RNA FE B IH 1378 45 52 22 RE A vh BLAT f0 51
e, [Af55: RT-PCR 5 A B 35 VE S e L 520
P37 0 5590, CRISPR 2 4t W mJ 3 i 1 42 14 531)
miRNA J7 91, K A 0 38 B2 ] 16 o0 825 ), 30
min PN BIAT 58 BAS N, R0 T 1% oA il miRNA 7
BREG . X T miRNA A, CRISPR R4t H& 1Y
R HANEE XL AT DA X 2> Bpdi g 22 52, X —f
TEA RGBT A ) 7000 R A A

TEHAR K EZE, 255 nT UG i as
Yy 25 ) R I T A 337 SR A L e X e
W, BREDZINETE MR AEA, JF R
TEASE R LM RNA BEME, BETHAE e = W A 14
TORAFYIIERRRE . RIS AT AR R —SE R mR 1 1)
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Abstract The emergence of the 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-
gPCR) 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
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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.

Key words clustered regularly interspaced short palindromic repeat (CRISPR), CRISPR-associated proteins
(Cas),RNA detection, forensic criminalistics, forensic field investigations
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