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Figure 1 Schematic diagram and examples of CRISPR-Cas systems widely used in the development of various techniques for the detection of

nucleic acids [12] (color online).
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%ﬁ#iﬁﬁﬁmlﬁNm].

2.3 CasI3XIRNAFEEIEPUN . X DIH & &R
vl

Cas13f#E [ H br & BEERNA (ssSRNA), & B M
RV RN BIRNAKI Cas & 11, ABIRRAR
P #EIssSRNAI T BE. Cas13FE A Casl3a (BFRA
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R RN AR B T S R T A SR &

F 1 JUMCasE A K RAVIEIZ 12 S5

Table 1 Trans-cleavage rates of Casl2a and Casl3b
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FEBOBOR IR Y B BOAR AT LUK aM. (107 mol/L)7K
IR E LA ). AR FICRISPR-Casfhk %
e DL 2 X (P2 DL SARS-Co V-2 34T, 414E
B A 1 VR .

CasHABRRFR Y SRR

CNE

(F56E) b 67) Ka M) koK M 5T b 67) Ka ) kKo s
LbCasl2a (ssDNA) 250 4.9x107 5.1x10° 3 6.2x107 5x10° [15,72]
LbCas12a (dsDNA) 1250 7.25%1077 1.7x10° 17 1.01x107° 1.7x107 [15,72]
PbuCas13b (ssRNA) 987 - - 0.95 10.8x107° 9.2x10" [70,73]
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JEFR I S EE BIIR A A B 1275 MAEFU N3 (LI
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Cas13aXfSARS-CoV-2 RNA ¥4 il fg

4 CRISPRGZIRY W4 73 2 I Y
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U7 B R R L TR B G R S, P e
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B B BRI 5 1 i S A 3

SHERLOCK (specific high sensitivity enzymatic
reporter unlocking) & —F ¥4 RT-RPA(reverse transcrip-
tion-recombinase polymerase amplification)fICRISPR-
Cas13aZ5 & (RN 72 (&2a) M. FE S RN AR i
IUDNARR B f5, {ERPAVR R b T IRIEY 1,
23 TTH% F BRNA%E. CRISPR-Casl3af 57 iR
FEPIRNA,  WOE H AR ENEVE, R S 1 U E
sSRNAFR F R4, 77 AE% (5. SHERLOCKAZ I
BIRAAWIHIE, WP T BEDNAKRI £ Bk

RO e T 751, 4 T SARS-CoV-246 1.

DETECTR (DNA endonuclease targeted CRISPR
trans reporter) & — K RPA 5 CRISPR-Cas12a%5 & /i
Kl 4 (2b). 5 SHERLOCK H'Cas13aiR filssRNA
A, Casl12an] LLE R RPAY B FIDNA 4.
Chen " FADETECTRAIN AL T3¢ A 1)
N3k J% 9% 5% (human papilloma virus, HPV), M #ERf
HiAR % HHPVI6HIHPV 1S, TengZ " & 73T
Cas12b[FJCDetection(Cas12b-based DNA detection),
Cas12bXf & 7 51 (B8 1) e e PR B o, RIS T R AS
5 WIS T K PR, HarringtonZ5!" 15 T-Cas14-
DETECTR 5 I AW HER C2 AR Fif 2 €4 (1) H A% R %
A (single nucleotide polymorphism, SNP). %+ DE-
TECTRI{ 7 i 7 & F TR JISARS-CoV-22,

HOLMES (one-hour low-cost multipurpose highly
efficient system)t- 5 {K#i J-RT-PCR 5 CRISPR-Cas12
™. HOLMES: @ id PCRAT ¥ bR LB HEATH 18, 75
2545 CRISPR-Cas12a58 BURF 5 P IR 5 145 5 780K
HOLMESv2¥4RT-LAMP (loop-mediated isothermal am-
plification) fICRISPR-Cas12b%¢ FH (Kl2¢)*, #£55°C1H
TR SEPL T B T AR I AR AT A
RNA, 4 | PCRIT 7 AR AL AR,

5 CRISPRY5 A MG B {3 AH B

£HOLMES. SHERLOCKAMIDETECTR /71,
SFR Y 14 5 CRISPR-Cask il A 11 /& o Rk 47, &% 2
TG 55 28 SUBGR XURS:. Sh T vk bk [l 8, fe ELEZ IV
ok A m s mm T, BERYyHMErRS
CRISPR-Casfh R T HEH. W HF A R 193055
ACE T R R E, . FIRSE, SO s
AT HE, R 2 AR X PO pang®hiy
RT-LAMP X M B T K, 1T CRISPR-Cas12aif 7
LR B TR E T 5, 62 CHIA FEs)
P3N (EI3). e SE IR SRR T R
e, B RIEELIN31°C, B T miE X Cas 1 2affiE 5
. FFRT-LAMPY 45 pis, Bl Pk 5E % -
fFJCRISPR-Cas12afk RVR-E], TE=UR F(ERA] =LA )
WIS NAES. EIRmHATT T, BRSBTS
PRI A, AT 38 BRI P 25 21 20 TR AR 4,
SN 14 S R . Wang 28R R e R m b —

1689



1A% CRISPR LA S5 R 4 8 1 R RS IR LASI AL E

JRIFBE(SARS-CoV-2) RNA N

cleavage
@ = — Cas13a of reporter
dsDNA —_— detection releases signal
I RPA -
i ~— B ' @
transcription —r—
—_—) e . — 1 —— — ..
3 il ¢ e, % g ."
N D e /R"I'-RPA Y. o
RNA <7 i " ¥ ~——
X Cas13a-crRNA —® reporter
(b)
SNP detection
DETECTR f
| Cancer screening
> F?PAZ d?;ti:(:tizoan “fﬁmm,r ﬁz —> Bacterial infection
37° 3
10min 87°C 6,45& e
30-60 min

(© Asymmetic  ~ N\ i
PCR A target ssDNA

DNA Sample +

LAMP\‘ =
/\_\—
RT.LAMV target dsDNA

RNA Sample

B 2 3T CRISPR-CasfkGM 4341 R Gt~ = K. (a) SHERLOCKAG T &

T (MR E)

Antibiotic resistance

\

Viral infection

o—e

Casl12b
RNA
58 trans-cleavage % —
—_ S
*—e
o—e fluorescence
probe

" (b) DETECTRAG I 4" (c) HOLMESv246:3l

Figure 2 Schematics showing classic CRISPR-Cas systems designed to detect specific nucleic acid sequences. (a) SHERLOCK [14]; (b) DETECTR

[15]; (c¢) HOLMESV2 [82] (color online).
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Figure 3 Schematic of a SARS-CoV-2 detection technique placing RT-LAMP and CRISPR-based detection reagents separately in a single tube [25]

(color online).

SRTCVE R i 2 PR IR LA 2.

97 FLARRT-LAMPHICRISPR-Cas12a 1] [ 3 75
i), Cas12bi H T HURCRISPRA R H1ff)Casl2a. K
AN [F] 2 R S FAZH 14 1) Cas 1 2bRE RS T 52 & i, 5t 7]
i£65°C, SRT-LAMPI iR H#Z. Ltk SR —Fh
AacCas12bJf X THOLMESv2, ¥RT-LAMPFHI
CRISPR-Cas12b% & 1E R — &, SZIL 755 CA IR
RS S RNASEAT ™ 4 AN SR, Joung 252 SR
7 —Fh AapCas12bFf & T STOPCovid (SHERLOCK
testing in one pot), W FAE R PR E60°C, HA
FITLAMPY 38 [ B, #7% T XSARS-CoV-2 RNAF
Tl R (B4a). R Cas12bk B Casl2a, Rk T
LAMP 5 CRISPR )i B He 75 14 7] /@, {H Cas12b75 245
Fi 58 55 2 i crRNA FltracrRNA, BB FHI N 1 )5
SRS I R NI B LT ERE . X6 B ] LR sgRNA
B 5 6 Cas R 821 R AR ALK 3 — Dt w3t 1
LAMP 5 CRISPRI 5.5 fa Il f4& & 14 G, S RPA-
CRISPR HE AR 22 A0 EL, LAMPJIT 75 R 705 I
AR AT, HH TR EREZ, 55
FEAEAERE SR, BT EER A

6.2 RT-RPA5CRISPRIJ# G

RT-RPA 1] 5 £ [ 3 i 5 (~40°C ) 5 CRISPR-Cas 4
REITCOMEZERD, AR A R RRAE R — 8 ot
AT AR R AT TG & BOR k. S LAMPAHLL,
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B i A O R K, WpH. BV E . BEE
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E IR S NI, X FE U1 (<1000) H FRRNA R R £
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% 2 CRISPRIEEF MR Y KM SARS-CoV-2 RNAY

Table 2 CRISPR-based homogeneous and isothermal amplification for the detection of SARS-CoV-2 RNAY
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AIOD-CRISPR RT-RPA  Casl2a o e mon 20~40 37 T i [87]
RT-RPA-Casl2a RT-RPA  Casl2a TNase g}iﬁﬁ%’iﬁ 560 40 EWM%EE?)%M”% SO UL/ULFES,  [29]
o M HH K T
. Sl A FE AL EFIRNAT,
miSHERLOCK RT-RPA  Casl2a - 60 (riiphkamy 37 " gy 1200850/ [93]
T (38 L
e i v ot g s VTR K
CRISPR-FDS RT-RPA  Casl2a - 15 (Sarabs) 37 tﬁﬁ%ﬁ?ggﬁ%%ﬁ” HOUTHEB038  [94]
" P& /juL”
CODA RT-RPA  Casl2a - 20 42 ﬁgﬁ;@%ﬁﬁégg%fﬁ “ﬂﬁﬁf%m‘/ [95]
WA PAMPEAE - P -
SPAMC RT-RPA  Casl2a  Casl2attPiz =20 %”m 37 %ﬁ/’;@ﬂﬁﬁﬂ?%ﬁ ED/ULRER:  [88]
dsDNA H i)
B P
deCOViD RT-RPA  Casl2a %W&JEL FHERE <30 42 BEERREGAFIE BTF)  1SE IR [89]
a1
Cas13a (an ultralocalized " PR R AR N Ly 20 [ A (b
Cas13a assay) Ty Casl3a [Lenpatitnet 60 37 BEEBREREGAMIE KF)  ~6¥IluL [91]
b 51 W it fAf A, TEFRRNATEEL v o
dWS-CRISPR RT-DAMP Casl2a WG S I 1 90 52 FIgiA, 508 DU/ULFERL [90]
“TT5#150.879
RADICA RT-RPA  Casl2a - 40~60 42 - Y TUNL IR R [96]
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HE— PP kI R B
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PRI N AR 22 HHRNA 5 cDNA I f#2S, TR CE f i
cDNA, SZHIGHEHE IIESARS-CoV-2 RNA A (I
4b, HHE3).

8 /D CRISPR-Cas12a 5 HArsE 44, RN SOHERT
FRJEZIRPA, ¥R — P2 mCRISPR-Cas12a 5RT-
RPA ) 53 SR PR . Lo UMl s 8 3 i
crRNAFIRT 5| ¥4 >k 52 HL I AN E R 1 3 5 sPAMC
(suboptimal PAM). % /7% IR PAMAT 1R 51 1)
crRNA, F#{KCRISPR-Casl2aX} H#xdsDNAIZ5 & fE
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] Cas13a B e —
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RT-RPA-Cas12a reagents AL 42°C At
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Figure 4 Schematics of detection techniques integrating isothermal amplification and CRISPR-based detection into the same reaction solution. (a)
SHERLOCK testing in one pot (STOPCovid); (b) schematics of RNA detection techniques integrating RT-RPA-Cas12a into the same reaction solution
and strategies to improve the sensitivity; (c) digitization-enhanced CRISPR/Cas-assisted one pot virus detection (deCOViD) (color online).
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Abstract: Clustered regularly interspaced short palindromic repeats (CRISPR) and CRISPR-associated protein

(CRISPR-Cas) systems have advanced rapidly for the detection of nucleic acids and molecular diagnoses. The

sensitivity of techniques directly using CRISPR-Cas systems for target recognition and signal generation is limited by

the kinetics of trans-cleavage. Thus, CRISPR-Cas systems have been coupled with isothermal amplification techniques.

One strategy for integrating CRISPR-Cas and amplification reactions into a single-tube is to place reagents in separate

locations within the tube, maintaining optimum conditions for each reaction. A more challenging strategy is to mix all

reagents and allow nucleic acid amplification and CRISPR-based detection to proceed in a homogeneous solution. This

desirable approach requires substantial understanding of the compatibility of enzymatic reactions, systematic

optimization, and appropriate adjustments of the integrated reactions to ensure high sensitivity. Ultrasensitive techniques

have been developed for the detection of SARS-CoV-2 in single-tubes. In this review, we highlight the principle,

research needs, and challenges of ultrasensitive single-tube RNA detection using CRISPR technology. We stress the

importance of understanding the kinetics of trans-cleavage activity of CRISPR-Cas systems.

Keywords: CRISPR, molecular diagnostics, SARS-CoV-2, isothermal amplification, enzyme kinetics, point-of-care
test, nucleic acids
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