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Ja, R Y T R PR, TG R A
FI0H 5 5 CRISPR A (& 2 7E 4 PRV E T F |
JEREAT RS, RNMUEIN T TR R, g T
SRS E] I T REAS A2 ST G i AU
TR, P D TRA AE 2E 5 B A
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Ty B BR AL ORI IR E A, e T H 5
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(loop-mediated isothermal

R LA E TR THBRIR R N 2 TP Bt 4 < e
15 QL7 H L EHSRA TR

BEx; Bk, JEP 8% (amplification-free)
CRISPR A= & ISR ms Az i A, IF 155 |40 K 1
S FISWIRE T I 2 RN S A i 5 R A
R Ba AR08, MARAR Ak gs S v YL o fifb 5
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(SR NI B 3 2 R A N IS EREy VN LY
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Fig.1 Schematic illustration for amplification—free CRISPR detection
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hAl R R R MER L, X - E, £2E
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HEPN1-2 8 [ A1l 46 5 1 24 ¥ 45 RNA 455 )5,
AE)IHANTS, 5R377. N378 Fl1R973 %5 ok
SMEAER, fil kb5 8 HEIE 0 a2 s A% O
(Fl2e) ™' FFX—HLH, WA BT 4K
PR 20 ) crRNA JF 56 H T T0 P 36 A= A4 Jk Y
WA crRNA, L 3 0t 40 B 57 0



2434 EMUEEEYIEER

Prog. Biochem. Biophys. 2026; 53 (9

FEPCXE crRNA S 1 I 5| A — > o o 7 41 A2 A
SR AZ T (hammerhead ribozyme) o %A% il 75 11
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Fig. 2 Schematic illustration of crRNA optimization strategies and mechanisms
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YT R B, TR IR R S AR R
BB T (pl) HETRF (D) K
TN BTG . AP AR XA ROk T 1550
A (Bulk) S i sel g X i a5 (55 i %
FARHEIARA A ST I 38 S BT 5 v i 2 i B
THEC P 2 Y FEAS AL 43 28 3 L f 8 S o BRI
B, REHRNEATRRS T, MBS AR
sU/DBULA AR ST 1 RN % 2377 R RS
W THEHE R EAECE (AR S5 5585,
CINER; 27 RE U e OEACR O B G Wt oo w2 AN 1|
2o TEM BB PR A BRI T, AR
T & rwt i =y iea i N [ O 7 5 NI 02 5 R s
W (droplet microfluidics) 5 i & % %1
(microchamber arrays) K F IS
1.2.1 IR B ATy BRI R FR

W e R AN TR (AR A GELE A i
WAKIRR) A B — U N as, AL
FE T 0 09 AR BGE B R R B AN . DL T
Casl2a [t PddCas F &t} ], 3 3o O Ak 28 o i 3=
(pH 9.0, Mg*/Na WkJEif%e) 55 A Crich 26k
EHarT, K Casl2a i e XU B JE e R 42 T+ T
i 505 B FEICIERE b, ST AR R N AR R
3B EHARZY 20 pm W K FHGORT o 3K ) 2R PR st
WUNPRG BAABRFR AL R 5 Cas 25 1 1Y Ry A 50k B 42
FTH B, BMER T4 BRI
FEF RN R RS R 9GRS (Kl 3a, b) P,
it — R T, AATTAIH B crRNA &[] 36
W, 38 PRI R U RICR A DR B S Y R
Ko SR AR Won, 4RSS iY PddCas - 5 7E I
PRI FEAS Fp S B TICEE 17.5%10° copies/L 1 6l
PR, H7E 10°~10" copies/L IX [A AR HF 00 5 i £k 1 5
LR (RR>0999), N T ASFV. EB % &
(Epstein-Barr virus, EBV) %52 15 8 DNA (1Y H
Pt o, (AR RN, W RGP R
SRR T T oA s i A RS (R B T R )
A X 5 22 A5 S 2 S W R e PR TPk,
1 T LB A = T R R S
1.2.2 T U 2 A B AL TE Y B R A 2

H5WHAREWN SN AR, O )
(microchamber arrays) A F7F S 1P PR
SRS T A T o XA, X R R AR B
F gl A58 & R A% iR . SATORI (single-

molecule assay for one-molecule-at-a-time RNA

identification) A ZIZHAR R HAILF . SATORI
FIRTCTG (<3 11) TR PSR S R
#, W4 CRISPR-Casl13affmal sCui#l, SLHl T
Xt HAE RNA FEFRZ 10 fmol/L (A PRS2

TR RS TR P 2 5 A Sh A REHE
& i, TR opn-SATORIF- 5 4 i, 1 7 il
I NS H ML RBRR RS, ol 1
FEARSERIZE R e A TAER (B 3c) s
TR B2 S R B AR R I 45 G A R 1 A Y
R, W BRI REACIRET AR AR i 2R A
P, PR A R AOULAY SN v, DT AR
T WA 2R3 SIOULAG I 1) SRE WA R s e T PR
BeAh, A PR T A i 4R R CRISPR
(dCRISPR) # &, FMF MR E %, 4546
LtrCas13a [ = 16 M, K™ & 200 0P R 25 & 1iF
7t IR W B 2 (severe acute respiratory syndrome
coronavirus 2, SARS-CoV-2) RNA 1) % il B #E i#F
2R 6.5 amol/L (£43.9x10° copies/L), i |
S R 0 (K3d) . Ak, S TRER
UM T REAS, BT Rk A 2 ALY (L SR B L1 i
M. T A X R AT 51k (self-
digitization through automated membrane-based
partitioning, STAMP) F AL UbF FH A% bk 21 5 itk
PRI AR h RARAFAE R ALV E g RO W BT, Jd i B4
VEISEBURE S i B & 8 5 87 Ak 7 X (18 3e)
REAKLINAE 30 min HFERL, KPR T fmol/L. X
7k BAEALAR S — M Bl TR0, (HHSS
T RN, BT IR = b DAY R A 4
TR | I AR Ty 26
1.2.3 SRR AR T L

TCIe R . R E 2L, X3 PR
LRI AS 5 i i Py B B W v IR Ao T,
T VAR A SR X e, 25 S R
il KGR B UME RS RIS 4 GEFE Y T
PRI o WO RGtil s, BT A BT ) R
B RRIT, EEREIOR THERS], 3
S A ER AR B Bh A6 UG AR R, B O A
. RS, &G MR . U RS
i R TT FR AR S B T i v 1) R B N TR
o, BRI RARIERC A Sh T &5 B AL S,
TELS BRSO EIREE (amol/L4%) At
BAARTRAR I, EHRCZIM TR E8U8A
TE3 ML hin sy, 2R T, 2L
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Fig.3 Schematic illustration of microfluidic—based digital CRISPR detection platforms
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1.3 SEHERSHKFEBCRISPRIESHE SR

BeA R A RS B A e AT, (H
HXHEA: BAUSUR R G R HAF R & T HAE TR =
s NN . R RBOX R, DR A
CRISPR YUl S e by . higoti s 1
EEEARIN WIS, TR ITCRAE B S
AL IR & o AT IE R RGN Cas S
(18 S5z T TG i o P bR A T A o T oK 2
M B AR RO . B RL2 BUE S,
NI T %25 i i sl it U A s
131 JEFHE O (ECL) fGRSRIEi G
N ERE O LS

AL &% (electrochemiluminescence, ECL)
A IR A T Aot o i e e S A (=
e, TPrA) 5t & B M B & OGhn % (
Ru(bpy),”) ZIAIMYHLFRERE SN, A il 2
A, 5 BIEIEES R RREOE T, A oG HAS
BRI OG5S . X I S O R S
AOBILTE, TEAF R Ly T AL a5 G A RIREH
¥ CRISPR £ 4t 5 ECL $i AR % 5 1) S 7E T 44 2
MHETOCHIAL KR, MAYEETT, DNA P
RglK 2544 (tetrahedral DNA nanostructure, TDN)
VEWIPE AL, HLTH R B 1 Y ssDNA FREFFRic A
ECL {5573+ Ru(bpy) ™ 14438 120 it <5 B [
TawmERm (K 4a) . 4545 DNA 77 7E B,
Cas12a-crRNA & & Wi, H #1064
ERE R PED)E TDN 10 &5 09 ssDNA, F3X Ru(bpy),>
MFAR FRTH IV, ECLAF 5 b 355 . %K
% EL7E SARS-CoV-2 [ S 3 [K Fl Orf1ab F& PRSI H
R p/L FOM BRI R, Il & #5 ECL 43
AL B T A i A Ak, A DU (R] 4
20 min ' AR, ECL &A% H A i if — 2L 3k
ik, WNFEEAMECHE A4S (photomultiplier tube,
PMT) #4755 R4, MELASEHEIEZ X EAis
ARi e Rl
1.3.2 Wb AL

AT ECL 5 SOG AR A e, v imi AL Ak
At Sk AR S W I AU D R i ) AR A S B
A, ARSI A R EOR . A
O MLTHIE T R 3R TR A 103 19 41 2 RNA — i ok
SHESEE, bR AL TR RS (2%
HRFe B % MB) ., 4 Casl3a/crRNA & &7
B RNA B T AAE R A VIHEITEPER, e RNA B
DI, AR 7%, B LI T %

(/& 4b) 7,

BXMME S OGP BB Y GBSl
o . BMEE AR AT, Cas13atin]
REAFTEGSS ARG, X EUR A, M
FHURTFT FAF >, WP i A i TR %
JEVERE, BINTE iR B R 9K 2 B S Al
KAELASE 5 T PE AL R AN, IR AR ST B ) 5
FHHIBH I S teAh, R R S R, i
i FH 625 k- 1- O 1t [ 3 LA AR 2R AT JBC 1) - BEL I
RS aE IR, SR DA REH T RE S, I
SARS-CoV-2 KMl BR#EIE 28 2.5~4.5 pg/L, il sk
S B Ok E R G W8 BE X R N (reverse
transcription quantitative real-time polymerase chain
reaction, RT-qPCR) ZER&EEYE& 7, ~it—1
IR B AR , BFFE R T Johmicry i iy
R R mE . an, 51 AESBCAR RS (mismatch Ag
probe, MAP), 4 Casl2aififi5, VIHEHE S
ARV BT (Agh) B, i FHAR I AR 221k
BRI AR AT S s . O — b R m
E-Si-CRISPR /L) {212t WA HH Cas12a I EI i FR
PR 1Y) ssDNA, - 5 22 1 4R 46 Jm AL AR SO
PO B ERed R 3 (37 o/ 1 ralll I il [ ES e
3.5 fmol/L ™o JX &I T-HL B 1 A SRt B MLk T &2
ZyNE=R A7y Ay Tasu M =L SR EI E cl 2o 62
PEAT R TREMESIE,

1.3.3 RIS HUT (SERS) LR

FR A MG 5 2 BT (surface-enhanced Raman
scattering, SERS) AL & @K E5H (un4:
GKIFORE ) T A SRy el L G iR AR A R R
I FRIRL B AT TR 104~1056 , 3K 5 551461
AKCEBY L YA, B8O A g v AT
JCER VR TS A 2 FAGI . ST, SERS#

(plasmonic hotspot) 4 # 19 & 72 ¥ 5 2 & #
[m] At 2

CRISPR 5 SERS 3k Al S A4t 1 Wb E A ) 15
SRR BRI A AL 2R T 1) dCas9
(nuclease-dead Cas9) FE MM &4 T H . dCas9/
eRNA B G YR eSS G IR G, KRS =
& i SERS #n%s (4% F1 I B b ic #Y 4 44 K it
i) MIREERFRI, 38 3 23 [R) BRSO fif #E bR i A
SERS # s X8k, B 422 77 AR 3G 0k i h 2 48 a5 5
(El4c) = 3XFPE 57 I8 BV RS T 75
DI s8R T4 A5 5, (BX) sdCa9-#045 52 5 1)
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Fig. 4 Schematic illustration of signal-transducing CRISPR biosensors
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AT ). 45 Casl2a-crRNA Z & ¥)— H.
PERPRIGE , orRNATESE Ul ar G AR G4 —
RRIE, 1T T PTR R . T4 orRNA &
P TR W 15 Wb b R FH T Cas12a 3005 JE iR 4 A8 4k .
M SEFE crRNA 51 511 Cas12a P 5 #E bR I 5 i3 —
BRADIE S, HMGEARM15 528 rRNA  (split
crRNA) 753 ASe - PR A B84 crRNA, BLHT
M > Cas12a PRI 5 AN HEFR P HIRE ), S 3h 5
TR OIE] B XA — R R S AP
BIRITTAELS, HBRAEE 32 R T orRNA B4k
F 5 Casl2a IR R E M, XMELL IR EEUIOR

Z MR B[R] B D REA A 12, B
WG SAL R EE . I im0 e R R i
F PSR 5 U, SC S I AP 0915 A 8 5 L
Ko B, Cas12a iy iz U7 FIIEG E AT R AR
IR (alkaline phosphatase, ALP), J&# il id Fmk
2 Ak ¥ 36 B ZU Kk BR I Ago & H (Pyrococcus
furiosus Argonaute, PfAgo) V%RME, PfAgoitt—
YIRS e A w255 (Kl Sa). X Fh =
WA ARERMGEDTTRE KGN f 52T
23x10° CFU/L YA ER 7 SR, 22 R I o 7
TE—E MR BRYE, a2 5] A8 Sk g F SO
], AS[EIEEX SO S50 (pH. B FompE . IR
MR TTRBAAAE oS, T EXT ik R TIRAL,
A, ZhRE R ZE. I, ZORmE IS
BX R SRR L E X RG  3E JRE  2 E H ve )
NS5

K CRISPR #% B fft A DNA 44k Hi % (DNA
nanocircuits) , &SI AT R FR(E 5 ORI HTTE SR I
DNA K HL BT 57 2 s/ R BE B4 (toehold-
mediated strand displacement, TMSD) Jz i J& B ,
RS BT BT A B ANC R HE R,
AIAESE IR S5 T S TC R AL 5 iR . B A
3D DNA Walker-Casl12a 2% Bk 2 48 0 7] , ¥E 45
miRNA B SEIH0 [ E 76 DU T A2 K S48 F i) DNA
Walker ', ZEARL T8 AL 16 LK toehold 4% 4t
JZ R (CTSDR) -Casl2a~f-&, Hili i miRNA fil
J% 1) CTSDR 1§ ¥ ;7 A5 5% i [8] B& 7 51) 45 i & 1y
(protospacer adjacent motif, PAM) J¥ %1 ) dssDNA
NTHEF, Ja&E S E Cas12a, SEIXT miR-
211K % 70.28 fmol/L Al ([ 5b) =, XS HemE
MO AAE T HAL AL 5 ] g AR Pk, Rl 3E o oA
DNA J¥H it , ARG B RAGEL . S (]
SR RtEEE. HE RGE Y, TEk

W TR FFEL T RRIT, HAEE 2 E YA
(IR E TEA T IRrIE

HIIR g SRRSO, (AT LA/
ALk, Wt R(ES HEENT AR ) R 8l
M A AECIEFR IS A T IERARHLE] . T et
Wl Sk o BN, T RN . X — SR
DI Cas12a iM% & H  (ribonucleoprotein, RNP)
BEY ARG IR (Kl Sc). xRGH
RNP1 (HEAREESME) . RNP2 (&3 DNA Ffi551E)
Jo g J& DNAAGF TR A . HE AR LTE RNPL
J&i, RNP1YJ#I%JeDNA, HAMEMLF=YIEN AT
HOBR TG RNP2 '@, CRISPR-Cascade J5 i 5% I 2%
L5 B, 38 o B M B BR (blocked nucleic acid,
BNA) HIIEPUIEIRE L BE A 4L, 7E 10 min P
Ik F) amol/L Z A BR , I W PN 7 e IR i A% v 52 81
X F ARV AR < B (0 A 49 BRI (methicillin-
resistant Staphylococcus aureus, MRSA) . £ B Jif
RIHTE (hepatitis B virus, HBV) %5 £ R ) TR
I e

JiAh, B SR W N P ey R T A A S )
2%, TiE K CRISPR UM AL b A AL B =
YIEES A k. #ln, Casl3ai A # PR miRNA 5
fil % DNA Y1, Bilcw# i AL (GOx) 1k
MR H0,, FHEBOGYORE G5E L
KAURL) AL RN, UTTEY)E 35 A MG ik
% (OPET) M#k, #pdl>try (&5d) ', X Fh
PG RS T E A HUE (fmol/L 2%, HAR
B8 2 B 5 AR B T Y ATEOR IR, e 1)
SRR FATy e v i 22 AR SR AN 122 i 25 T R 3
Ve AETa) AT A LR A I T — Bk A T AR
Pk, TER 2R I EE G ERE IR Rl —
IR, i — 20 LA )4 R B 2k ) FH Y ]
KINREERIGRS . BRAEE T . A
POCT i it P AR R M BOR SR 4E i 4k T 428005
T 15 CRISPR AN SR Mgt (1) 32 E4F A

LROORE, APVRISTERBUE . B Ak
A POCT id Fe Ve Z A4 A WUy, TR T B AR
REYFEEARIE R . o RNA PLALERAERTE | AR AL,
15 AR AR S A SE ARG R B A s
TEL N A B AR IS M fb2s s
1552 S AW DR RS A2 5 SR SR AT T i i =X R e
Rl 28 s OB SRmS R B B, (HRGR
FREEMA R, B2 TS IER B, iR
JFEMEHER , I arEE A5 B crRNA ik ASLF
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Fig. 5 Schematic illustration of CRISPR cascade signal ampliﬁcation strategies
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Table1 Comparison of four amplification—free CRISPR-based biosensing strategies

R1 MFHEEFY BECRISPRIG TR B B M BEXT EE
i RGERTE BEERE A POCT:& i 1k fRFEHEHA
crRNA T 21k g fi% 1% [ 2 HrRNA P90 (L& ificrRNA 2
Bt inds = [ = g PddCas ), SATORI **', STAMP [V
55 S H ek LIk IR i LAk AL 8% (7)) SERS-LFA B
JIAF 5 IHOR M Wi s BUK CRISPR-Cascade '), CRISPR+%{KHif+OPET 2]

CREGPERTE" LA SO A O T G 25 N ARSI BRIE R N B % . orRNA TR 2 T15~641%
amol/L~fmol/LZ%, {555 FAL R HAR KTt 05 AN TE], A B AT 43550038 31 fmo /LR BE IR ¥k BE ki pe/ LR ST it e BE . POCT : Bz g 4Gl

(point-of-care testing) ; SERS-LFA: ZRIAIIEIEHL
S IASE (organic photoelectrochemical transistor), PddCas

AR RGO T 15

SNG4 T (surface-enhanced Raman scattering-based lateral flow assay); OPET: £ #/L
SATORIFISTAMP K% L CRISPRAGIIAH -5 44 5K o
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2 ETFRAEFZERCRISPR-CasRE 5 L
A B 5 A

Jod 4% CRISPR A I H A 5 S 45 ae F i TR i
e, EAEHES O T2 W NS e [ I X
FEAHE-25 3 (sample-to-answer) F47 R E
TEED A WA | IR S R g WA A
ST T R AR . HAZ ORI T .
AL DGR, AR T AT (AU
IR A0 41) , S MARAS EIHER TR I TS B K
W, ABEIESZERIAEE N POCT St 1 A4 TikAs.
21 BmTEEN: KBS HERESEREGE

1R GE 1Y qPCR B PRI 3 2 BE S BRUERR AGIE
(ER SR WNARSE RN E R S W= 82/
BRI 1, DY RS CRISPR B AR A F A6 & 24
NS 2 R B TR, IEE A
W EAS R . Al anEER (LR E 52
SN, ETEE R R TR AR A) AL T
W ts, HATRES] A& o BUR A wh o SO U
IR CRISPR AN )5 %6 (40 CIPAM & 4¢) Fadid
£ 4l M 4 B ¥ MY (recombinase-aided
amplification, RAA) SELLHIRIESLZILT 0.1% Y
BRI AR, BT FATR AT AL TR 1 1% [ A7 X
B o, EOEMHEORERIT 07 T 2 8 orRNA KB 195
NS BoRv iR A 23 A i OX GRS e S PR i
crRNA, A4~ 45 DNA 43 F A [a] B 300G 2 4>
Casl2a & 5 W) . X Fl' £ crRNA H4 3 %) CRISPR
(multiple ¢crRNAs enhanced CRISPR, meCRISPR)
O TE i A B AT 5 R I, R SR
1.13 mg/L, HIETHZN WM ik, Al
I T 4 2 ' R A T AL 5 PR SIS 0 AR, Y
T B Z WP A T AN R B, BT R
NARZZ ik, CC-drop - il i L7~ i Bl i XL
R BRI, ST A S TS A3 Y ]
Ao xR (Kl 6a), HoE kg AL G g 4
FHA 107, ST [R1Z 80 min 7 Sy iE— LA
e, BFE AT & T SRbRiC i) DNA-AgNCs 74
JEHREE . A, AR Cas12a Y 5z U H T
5 Z% 22 #% 50 2 . (hybridization chain reaction,
HCR) #8G, AI & AR B AT o S A s 1 1Y
G-PUER DNA i, ZBFREREMEIL Y Wt (IR
FITE), REWAE S KRR 5 7 2F SERS {5 %,
TE BN IR AT i BSR40 SR A R 1

T NIES VLI T2 YN 2/ o il

RED & o-S1 & A kB 707 BEXT AR UE DNA YT
PRI, SERS fL B me e BL 1 AR Ry L (1&
6b) . L H ssDNA 5EE L EGORPRELE G, Y
Cas12a 005 J5 RV EIIRES , SEAOKRBUR B %
B R 1 A RO R B -, A
FPi) SERS 55, Al BRIk 224 amol/L ™ &ML
HCR G R 5 AR A 1 5w W] A 328 7 L o
R P R AR A A O AR R, KRR
AL CRISPR SN 5 {5 5 Al — AL S A, 38
o FEAR TS Cas12a J Y11 AL B 3R T8 M 04 415
DNA, S #PRsE (A sesk) Midk, 5k
HLL AR SRR 7

I 4 W) (genetically modified organism,
GMO) W% EREBMEEEMNIT . FX 5
PRIR SRR, B8 T & T B B SED REAY XL
BRAb 7 AR B o L [A] DR 4R ECL 5P 44
fR44: (fast-scan voltammetry, FSV) {55338 X
Bruk (& 6c), #a i FR ik 0.3 fmol/L, 1 h N5
A FERE AN T, CRISPR FR40 51 Al ik
HARME G 7 H N DR 5 E
(lysozyme) FORGIN, 554 BTt T 28638 Bl iR ML
JRES IS BO AR LY S-80 458 S M 1R i s TR Bl I
AL BE LS A B cDNA, J5 & 8 Cas12a i1
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DN, KMIBRAK % 6.10 pmol/L (& 6d) ", &%
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W AT S LA S L L A B e R A D A b
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o S A AR PR | AU S SRR AL Y 5 A 1)
KA, ToY 4 CRISPR A IV 7E 12 SRk A% 1 FH 52 300
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Hir (EtEs) K5 (RKEE) RiE
VEREHOR AR 7 X A S5 B PR R S I
PRXFREVR T BB $2 o BT TF A (14 1 3¢ CRISPR-
Cas R HE4A T Casl3aty Caslda i, TEH— N
IR R NS E R SO RNA KT (Kl 6e). 456
Jr i B B0 e S (flinders technology associates
card-assisted centrifugation-elution, FTACE) Jrikit
ATMAFEPEHAREE, 2UifErE 30 min WS8R, RATE
JLRA PR A BRI FR AL TS TR 0, EF XA KA
I RKMFFE O157 : H7, Casl12a-HCR {6l il o a ke
i (Casl2a-HCR evanescent wave fluorescence,
CHANCE) V-1 CRISPR-Cas12a 5 HCREX
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Abstract CRISPR-Cas-based biosensing systems have become important platforms for rapid nucleic acid
detection because of their programmable sequence recognition and high specificity. In many diagnostic
workflows, the CRISPR reaction is coupled with polymerase chain reaction or isothermal pre-amplification to
enrich low-abundance targets before readout. This design improves sensitivity, but it also introduces additional
primers and enzymes, requirements for temperature control and reaction compatibility, and a higher demand for
contamination management. These factors make the whole assay less convenient for integrated and field-
deployable point-of-care testing. Developing pre-amplification-free CRISPR assays is therefore not simply a
pursuit of shorter protocols, but a way to simplify molecular diagnosis at the system level, especially in settings
where rapid decisions, closed workflows, and minimal manual operation are required. Microfluidic devices
provide an important engineering route for this purpose. Their small reaction volumes, precise fluid manipulation,
high-throughput partitioning, and compatibility with portable readout make it possible to integrate target
confinement, reaction control, signal acquisition, and quantitative analysis on a chip. Droplet microfluidics and

microwell arrays can divide a sample into large numbers of independent microreactors, enabling digital counting
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of rare recognition events. Continuous-flow, centrifugal, and paper-based microfluidic formats further provide
options for automated operation, low-cost fabrication, and on-site use. In this context, microfluidics is not only a
signal-enhancement method, but also a platform that connects CRISPR molecular recognition with practical assay
implementation. This review summarizes recent progress in microfluidic-based pre-amplification-free CRISPR-
Cas biosensing for rapid detection. We focus on four related technical directions. crRNA engineering, including
spacer-length tuning, multi-crRNA design, chemical modification, and allosteric regulation, can improve
recognition kinetics, nuclease stability, and mismatch discrimination. Digital microfluidic detection based on
droplets or microwell arrays converts single-molecule recognition events into countable positive partitions,
thereby improving quantitative capability without target pre-amplification. Physical signal transduction interfaces
couple CRISPR activity to electrochemical, electrochemiluminescent, fluorescent, or surface-enhanced Raman
scattering readouts, making weak molecular signals easier to detect with portable instruments. On-chip cascade
signal amplification strategies further enhance output intensity through enzymatic reactions, DNA circuits,
nanomaterials, or cross-domain amplification modules while avoiding direct amplification of the target nucleic
acid. Together, these strategies show that the performance of a pre-amplification-free assay depends not only on
biochemical recognition, but also on how the reaction is confined, amplified, transduced, and operated. In
addition to describing these mechanisms, this review compares different strategies in terms of sensitivity
improvement, operational complexity, cost, and suitability for point-of-care testing. Representative applications in
food authenticity identification and rapid pathogen screening are also discussed to illustrate how these platforms
perform in practical scenarios. Finally, we analyze the remaining challenges, including the detection of low-
abundance targets in complex matrices, on-chip sample preparation, device-to-device reproducibility, long-term
reagent storage, and standardization. Future development will likely depend on tighter integration of sample
processing, CRISPR reaction, signal readout, and data interpretation, ultimately moving pre-amplification-free

CRISPR diagnostics toward automated and user-friendly sample-to-answer systems.
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