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(% s T2 A W R A T 1) A iR b 48350 & 0 1 7
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WA T 56 PR A= B R B B 52 5 (i) A BR N W)L A% R 4R
BT R 46 R B L 24 A Y L 0 4% YR AR OB 8 ) ) 1 7
WRBERH A PR 7 . TaKaRa Taq™ #3384 i
1T 5 B EE AW AR s A R L SuperSeript™
IV —#3k RT-PCR O ¥ 5 B A Wi 88 [ ) & 52 F
FEBR R RBHEE O ED A BR 2 A 0% R i K I T A
T AP TRECER) B A RAA.
2.2 SARS-CoV-2 % #8 % 5| 91 % £ ¥ #1 1t

SIS AR T AR TR R By A B H
AR AL, HoAb 7 51, B35 orRNA | #iBE DNA-FQ 7%
JEHERET I DNA & W T N E0k 307 28 9 B 52 % 40y
HIRAF, iR PEI R 1. B PCR ¥ 840 H
4 H 3 EH PCR 43#7 & 5t (Gentier 32R),
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# 1 DNA ZEBHMHM crRNA Y77 5115 &
Table 1 Sequence information of DNA oligonucleotides and crRNA

Name

Sequence (5'-3")

Universal RPA forward primer (SARS-CoV-2)
Universal RPA reverse primer (SARS-CoV-2)
Universal PCR forward primer (SARS-CoV-2)
Universal PCR reverse primer (SARS-CoV-2)
Universal PCR Probe (SARS-CoV-2)

(SARS-CoV-2) crRNA

AGGCAGCAGTAGGGGAACTTCTCCTGCTAGAAT

TTGGCCTTTACCAGACATTTTGCTCTCAAGCTG

TTACAAACATTGGCCGCAAA
GCGCGACATTCCGAAGAA

FAM-ACAATTTGCCCCCAGCGCTTCAG-BHQ

UAAUUUCUACUAAGUGUAGAUCUGCUGCUUGACAGAUUGAAC

2.3 RT-PCR #ll & B

FIFH RT-PCR A% R A DN S 137 K 56 A SC iy 42 J7 1%
B AL AT RN R 1 . SEEe SR Y 50 pL RT-PCR Al
KR & A3 10 uL RNA KE A, 25 pl 2 1%
SuperFi™ RT-PCR iR .2. 5 pL 1E [
5197 (10 pmol/L). 2.5 pL KA 51 % (10 pmol/L) |
0.5 pL SuperSeript™ IV RT B4 W A 2. 5 uLPCR
WREN, B S5 IS N JC A% TR B K & 50 pL. B EE A 3
Gentier 32R SR 926 5E 7 PCR A, gh 47 40 F #4

Dizf7 cDNA &7 R R E N 50 C.IHF
Af ] 3% B 4 10 min;

2)iz47 PCR & F2 ¥ (#F 98 ‘C Fi&4T 2 min K
—AEIN) ST 308 5 Tl 1 TG B ) IR AR

Platinum™

3)FE 98 C FigfT 10 s, 3 FFE 55 C Fiz47 10 s,
RIGTE 72 °C Fig4y 30 s, L3847 45 MEIH;

DHFE 72 CFIFF 5 min, 5E A RT-PCR & ER K
2.4 RT-RPA ¥ i8R i

RT-RPA J v 1A 3R 32 %3 A0 18 2% i A g 3R
RN & AL 29. 5 pL Jo B W K AL 22 .
2.4 pL RPA Hi #5149 (10 pmol/L) 2. 4 pl. RPA &
5147 (10 pmol/L) 3. 2 pL JLKEERREEK .10 pL DNA
FEMRAN 2.5 pL B PRBE VM (280 mmol/L), RT-RPA
P3G KBRS AE AR T

DFECH] 47.5 pL W, K E 29.5 pl 6
1Y E KL 2. 4 L RPA Fi1E 514 (10 pmol/
L).2.4 pL RPA [ 5[# (10 pmol/L) 3. 2 pL %
PR /K A1 10 1. DNA AR 5

2)H 47,5 pl RV R R B
W T WS B O R R U 4 TR L

FER W WP A 2.5 pl B RR BE W W

17 il Bk L AR

(280 mmol/L) . 32 75 ¥ S0 1 T JE TR 50 L AR 5 AR
L EERE D
4) W LN VR O A SR 52 56 PCR X A, 78 39 °C

TWEE 20 min, SE A TRY 3
2.5 CRISPR # M &z Rz
CRISPR/LbaCasl2a # M R & F & 1

LbaCasl2a fifi . LbaCasl2a [iff 2% ' Wi . crRNA ., B 4%
DNA-FQ % SR & . B0 A2 92 g 410 4 551 | 88 Bk 0 G
R K . 75 A Sk R A R A D R 48 32 2 45
100 nmol/I. LbaCasl2a [, 50 nmol/L. crRNA,
1xLbaCasl2a Z& i .2000 nmol/L 4% DNA-FQ 7%
JEIRER 20 U RURZBEAZ B2 WG 410 4157 1 2 nI DNA
M o SR 5 TSN TCA TR B K B 20 L. fo)a o B2 A IR
ZAGAE 39 CTIEE 12 min,
2.6 mMFERE

TEM 7 A 2R A 3l A A T X R, SARS-CoV-2
(ARG 00 A T AL LA R 2B R DARYE 2. 5 1 rik sg
¥ )5 Wk le il 10 pL CRISPR J R i 9, 76 1% B 77 40
R o B TG A% R T K L SR 5 S R R RO A I A
B2 MWAE 2.4 TR R L E A 10 oL RT-
RPA R 4 A B g 48 3>?”Eﬁmﬁbf¢
1) 42 35 LY K PN A8 LA B A48 21 2 B I By

f*&;m*%t?éﬂ%émﬁkfir“ﬂ:ﬁn UTMWJ
HR DR RN E AT O,EEF 20 min, 58K
RT-RPA [N ;2) H 71 8 8 ) i 48, 1 9 48 58 i 4™
B R BRI 5 28 K PN AL B8 B RN A 5 3) BRI
HEA RN B TF O, T 12 min, 58 CRISPR
SV 340 K5 IR A % LED F il i FAHL APP iR
TG ) 25 HR

A bR AR SR 2 S R R A ) #%fyir“
BRAGR BFT A FF | Sk IF ¢, U #%
iU T T 1)1%%&@@1311%1‘4{%%@%5‘%%
WAL 39 Cs2) R MAELE 39 CTHHE 20 min
Ja AXER B SR sh 25 i AL, 2 UK B SE R
SARS-CoV-2 Hi 8 N IN & 7 78 2 S8 5 3) 2L dE L HLIE
BRI A =R SERUR R IR 2T SR 5 . 2 o E LA Ik
BAT 3 4) RV A GRS AE 39 C TG FIEH 12 min, 58
B R CRISPR SN 5 5) 4% H 8l s o0 5¢ Y 1R 5 H
% XA R A s PO AT G R N
1S P A Ak 3 2 6T Pl A4 0 i 0 A Ak B, b 7 R A 1 R
S50 (PR PE PR . MR TR & | gl s s =X 1Yy
KR A W w1 R,
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Fig.1 Flow chart of a convenient nucleic acid detection method based on CRISPR/Casl2a
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Fig. 2 Schematics of instrument structure. (a) Physical map of experimental instrument; (b) schematic of overall structure of

testing instrument; (c) schematic of optical cassette structure; (d) schematic of instrument base structure
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AR PR, 8 o PID CH 7R 4310 43 ) 550 3 52 B im 4
FE IR RFDIRE . SO F TF S HE ALY B 0 02
Bl R I A R 3 A 0 R N A TR AR T
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) CRISPR # Rk Ak RIE A5, LED LT U8 E H
BE e \CMOS AL R HHE L AR E 22435 5 (Lvds)
R B U8 R e R 4 O A I o
3.2 XEKRNEREURBEXEGLE
A A IEF RT-RPA §" 1 LI 2 CRISPR/Casl2a

T S P HR B 2 B T ML TR AR 0 4% S A i g A X
S — TN AL B R A SRR AR, AR
P70 Ul W S P A I AR S RT-RPA § 34 i
]} 20 min, 453039 CRISPR JZ )i B ] iy 52 36
W, HOR MO . IRk ERHE AR L RT-RPA B &
20 min J5, 80 10 pL ¥ 38 @845 0 A F] 10 L CRISPR
SR AR L SR A AN S A i B SE 98O PCR Y
R, SIS RN 3(b) s, H 5206 45 BT,
I R R 8 min B, B4 = AR T B R I EBOEIE 5 .
SR T 4 ARG T ] [ 5 A T £ o A L AR SR

BT 1 PR IR A I R 5, — o2 3 1 AR T4
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Fig. 3 Optical inspection in minimalist mode. (a) Workflow chart of nucleic acid detection APP; (b) real-time fluorescent

Result: Result:
Positive Negative

CRISPR reaction time; (c) positive result showed by nucleic acid detection APP; (d) negative result showed by nucleic
acid detection APP
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TEM IR, i T8 FAM 296 358 I 4E 0 &%
Jo BRI bR 7 W, T FAM 2% 0 58 A1 — i B9 ik
Pk R 450~ 490 nm, A LL7EIZ A T %45 470 nm
LED AT ¥ 45 it 38 % 55 5 A IR U122 kA7 e & 19 26 6 R
S, BT A AR AR A L AR AR T R T T AL R
Kl APP, % APP ¥ 5¢ 5t [ 4 Ab #15 3  17 4 WL
TR RGBS TN R R S e ) A T &
R A R a0 & 3 (a0 FT 7R . B R A I APP Bt T K G
ZEIR A 3Ce) FE 3(dD FiR .

7 3 Ak K A 20, A A BA K B 470 nm LED
KT V6 \CMOS AL e T Sk AN R Gl e £F B33 T 9%
SR LB N 4 B R . BN TEE R I HL B B 22 Ky

(a) reaction tube

BECI R B . EEALRE 470 nm LED AT M 453k LUk
SR VL R R G AR 3 & v . b LED ATHE ikt
R HL = AR B3 R e 20 o o BT Sk I i AR E TG CGF
F16) Stk i 2] [R) 5l 'G £F 1) 38 % i » 9K I A% B 1) 1) ko't
ZF 1) TR) il ity » 5 B INE AE PR ARG 400 R A R % . R
BB A A R AR IR A RN A N VAR £ LED Ot
VRBK o s 2= el DL, A I e % R 2 e B2 i
H L, FEALSE CMOS AHMLAE S Fr. A Ak 98
23 2[R 6 £ B4 TR) il i A% S 2 ) Y6 £ 9 53 b — s (&
St X AE T AR Tt S g R G LR A7 Ml CMOS #
MRS, RS . 28 6 RS IR BB 2% CMOS MALR 5
N5 S AT A L 75 30 B 5 A 4G T &%

reaction tube rack

filter \lens camera

excitation end
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—
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Fig. 4 Schematics of optical circuit. (a) Schematic of fluorescence recognition circuit for small portable device; (b) schematic

of coaxial optical fiber detection principle

3.3 SARS-CoV-2 # il BRIR 5%

o I R 2 i e A% I Ao U T vk AR 45 ) — A HE B A
P o A A2 A PR RS T 9 R A g A% S B R ) —
UK. T EITA SCHT PR J7 22 09 K DU R, 9
5 IR 33K 5y 52 R A 5 S B g A AR SORE X R
Pl & 5 E PrbrfE PCR £ AR SEAT X L 385 B TE R
DU B 75 T e A H AT B ik 22 %

TR I T B T 5 0 A I A B, A AT BA A ) X
2X10°,2X10°,2X10",2X10",2X 10" copy/mL
SARS-CoV-2 &R Ar e &t 47 7 W, AR R I E — A
NTC JoA% I B 7K V8 Ry B B SC 06 . 7 506 78 A i 82
AR AT L5 38 o F 4R A Jr X 58 i RT-RPA 47
LA & CRISPR [ by, I F 3l 20 gh il 4, fiff RT-
RPA #8477 91 5 CRISPR K Wi IE &, i & 1y 45

R AT APP SEAF RN . ZERR AR R LD RT-
RPA Jz i L} CRISPR [ [ A] LLFE 32 min P 58 hY »
SERME 5 s, HEER S5 Ra] A 7E SARS-CoV-2
KR bR VE S B Mk BE R 2 X 10° copy/mL L K kE A S 7k
G O . WSS 21 B I A9 28 e B4 B R A6 T APP
IR R Y1 s 24 SARS-CoV-2 #% R b e & 1) He i
210" copy/mL B, AT DL XL EE 2 4 55 B 28 65 5
R K APP Won 25 oy BHME; Mk E &S T 2 X
10° copy/mL B, AT LLTE J2 45 Hp %2 31 B & 19 28 Ol
PG KR AS I APP SR 25 S A B . F AT DAGIE B
A FAT AR 20 B ARG I BR AT LA B 2 X 10° copy/mL,

165 T 1 g A 3500 A /N RO 48 b B L S s
IFE P, SR 32 min J& . 79 B 05 ORI 25 5. 2%
W] . 24 SARS-CoV -2 #% 2+ #E &b 1 ¥ £l 2 X
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10° copy/mL B, /N A 485 A 2he B ) A 0 485 SR B 7R o
FAME; 24 SARS-CoV-2 ¥ PR A5 #E S B IR BE R 2 X
10* copy/mL B{E W& & T 2X10° copy/mL A, /Nl
6485 A0 2% ARG T 55 S Wl R Ok BEPE

M UL B SEs 25 S mT IS AEAR LR N AR R T,
HT RT-RPA FERY 454 CRISPR A& I (% & il &
BRI LAIEF] 2 X 10° copy/mL, A] LAY f& 52 Br 3037 He i
60 37 6 19 o2 FH 7 K.
3.4 BFRYESW

S T R A A R ARSI L B ) A — A
FaAm L AT T L BB 5 SC PR N B — A e s AR . R
U 1 o S MR B T g G0 1 BE P 45 R 00 = 2R L DD A R
FIWr P m RIS BE . S T i — BRI AR SR Y S
T RT-RPA DA CRISPR A4 5 2 i) 45 S0 R
%74y W k5 SARS-CoV-2 ¥ 2 A8 L 19 SARA-
CoV ¥ B . MERS-CoV ¥k # . HCoV-OC43 ¥} & .
HCoV-HKU1 %% . Hs_RPP30 ¥ 5 #4786 W 5 [7] 1)
R TR AR ST e B R A LA R R Al R
HA 1~3 AR 036 25 57 1 S8 6 )7 50 A7 A

# SARA-CoV ¥ # . MERS-CoV % # . HCoV-
OC43 %% B . HCoV-HKU1 %% & . Hs _ RPP30 J5 .
SARS-CoV-2 i 8 LA K B ZE 7K (NTC B 4 X B 43531
WS EER NS BIN AR RT-RPA K5 LA K&
CRISPR 51 1Y S 0 487 H o AR 0 3 U 5 8 5 #4411
BN A P, OB 32 min, 15 B SE 5 45
SR T G b Al R AE S A5 K 45 RN A ECHE i
BRI R AT S IR AT AL R L A5 3 5
55 MR, S8 05 18 Tmage] R4 %5 15 31 19 R #F 17 4k
LTS B A BRI 5 s A L 45 R E 6 (a)

FR . SRR, BR SARS-CoV-2 %k 7 /i BH 7k 4%
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1~3 MR B A A RIS orRNA P
GUSER . bR 6 BERIEFEAIANEE 2 i, A SO A L
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b 1) B B T o LA i 1) S B R AN
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AHEAT T R,

AR S W GIE FE ARG 20 NEPREEA, Hop  IE W
ANBEREAR 14 4 B4 7 &4 TR I IE ¥ ANBEREA
I TCAL Yok B . B MR 5 SR SARS-CoV-2 Ji%
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Table 2 Sequence information of nucleic acid mismatch

Name Sequence (5'-3")
CAGGCAGCAGTAGGGGAACTTCTCCTGCTAGAATG
SARS-CoV-2 sequence GCTGGCAATGGCGGTGATGCTGCTCTTGCTTTGCTGCTGCTTGACAGAT

TGAACCAGCTTGAGAGCAAAATGTCTGGTAAAGGCCAACA

CAGGCAGCAGTAGG--CTTTGCTGCTGCAAGACAGAT TGAACCAG:---

RNAT mismatch GTAAAGGCCAACA

CAGGCAGCAGTAGG---CTTTGCTGCTGCTTACAGAT TGAACCAG---

RNAZ mismatch GTAAAGGCCAACA

CAGGCAGCAGTAGG--CTTTGCTGCTGCTTGACCGAT TGAACCAG--+

RNAZ mismatch GTAAAGGCCAACA

RNAS micmatcl CAGGCAGCAGTAGGCTTTGCTGCTGCTTGACTGT CTGAACCAG:
o mismate GTAAAGGCCAACA

. CAGGCAGCAGTAGG - CTTTGCTGCTGCTTGACAGATAC TGAACCAG---
RNA4 mismatch

GTAAAGGCCAACA
RNA5 mismatch CAGGCAGCAGTAGG CTTTGCTGCTGCTTAACAGAT TGAACCAG
RNAG mismatch CAGGCAGCAGTAGG:-CTTTGCTGCTGCTTGACTTGAT TGAACCAG---
GTAAAGGCCAACA
RS BRI RT-RPA B 45 CRISPR) Xt 52 b A A4S £ 100 B o method
DU 7 0 S X T B — 1 SE PR AR A, 43 0 R HT PCR £ 90T u PCR detection
DL KA S i) £ 485 =X/ A Ak 4% B F5 id RT-RPA B U 7
4 CRISPR 77 B AT K I, A6 W0 45 SR an il 7 B g ™ 7 ¢
Hﬂ[EHTU%tHZI—‘jCET%Eﬁ&“E’J’F’\{ﬂ' ER S5 PCR & ?E» 60
PRI 45 R B B — 3k X — R = 50}
ﬁEHﬂTZIKSCFﬁ?Iﬁ/zET SARS-CoV-2 75 4 1% W B A¢ £ wlf
Ao I T B A — i A I R N AN A & 30| § N ¥ N N
1% i’ 2
10}

A T —Fh 3 F CRISPR/Casl2a BB 5 44 oM, . N, .M, —
A B 2 O WU 5 T 38 T3 WL T2 a4 6T E s wilRELIn kD
T HIL TR A 00 45 53 10 8 ) A 5 A B 5 1 2 A T 5 B 7 AT PCR ¥ B9 K 25 52 568 e (1 10 I 7 I
22 FEAS (] B A 0 ) /D BUAR A 5 U B A TR S (] 0 min f&#5)

AR, 8 o T8 N B N g Bk s v K I 45 R m] 3 o Fig. 7 Detection results comparison between our method and
PR 5 2 G2 FHL APP iR 51 5 /NI Ak {4 02 2 ykon] PCR method ( negative reaction time is replaced by 0 min)
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Abstract

Objective  Clustered regularly interspaced short palindromic repeats (CRISPR) has shown significant promise as an
emerging nucleic acid detection technology. However, it still requires improvement in terms of sensitivity, detection
automation, and anti-pollution. Furthermore, CRISPR technology lacks simple and portable professional equipment to
meet the high demand of rapid point-of-care testing. Therefore, this study proposes a CRISPR/Casl2a detection reaction
system for SARS-CoV-2. This detection response system and innovative tube-in-tube consumables aid in developing a
portable compact device for simultaneous automatic detection of several samples and a coaxial fiber-based fluorescence
detection system. Finally, we developed a single-sample user-friendly nucleic acid detection APP based on smartphone
recognition and detection results for the manual detection mode.

Methods The target in this study was severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), which was
detected using the CRISPR method and enhanced via the reverse transcription-recombinase polymerase amplification (RT-
RPA) technique; the feasibility was assessed using the reverse transcription-polymerase chain reaction ( RT-PCR)
amplification method in the early stages. Various companies customized the required reagents and the designed sequences.
In the detection process, first, with the tube-in-tube consumables developed by our team in the early stage, which
comprised the reaction outer and inner tubes, the amplification reagents and detection reagents were loaded into the inner
and outer tubes, respectively. The temperature was regulated to 37—42 ‘C to complete the amplification. The reagents in
the inner and outer tubes were then mixed by shaking or centrifugation, and the temperature was adjusted to complete the
CRISPR reaction. Finally, it was possible to observe if there was any fluorescence occurrence under the illumination of a
blue light. The detection instrument was composed of an optical cassette and a base, and automatic detection was realized
through a printed circuit board (PCB), a human-computer interaction display screen, etc. In addition, this study also used the
fluorescence image recognition algorithm to process the detection images, compared with the international standard polymerase
chain reaction (PCR) technology to explore the detection limit, and increased the target types to test the specificity strength.

Results and Discussions The lower part of the detection instrument designed by our team integrates the printed circuit
board and the human-computer interaction display screen. In the automatic detection mode, the fluorescence recognition
circuit was designed with the help of a 470 nm light-emitting diode (LED), an optical filter, a complementary metal oxide
semiconductor (CMOS) camera, a collimating lens, and a coaxial fiber. At the same time, the specificity of the theoretical
experiment was verified through comparative experiments on several different targets. In addition, to verify the accuracy of this
method for detecting actual samples, we compared each actual sample through PCR detection and the method based on the
combination of RT-RPA and CRISPR proposed in this study. The detection results showed that the two were perfectly consistent.

Conclusions  The current study proposed a CRISPR/Casl2a-based anti-pollution portable nucleic acid detection
technique. Furthermore, a simple model was proposed based on the naked eye or smartphone to recognize results;
additionally, a downsized portable device based on fluorescence detection that can simultaneously detect numerous samples
was constructed. The portable device can detect numerous samples simultaneously, and it has a constant heating
mechanism and fluorescence stimulation detection optical channel to enhance the detection system’s accuracy and
stability. The nucleic acid of SARS-CoV-2 was verified using the proposed method and detection system. The minimum
detection limit was <C10 copy/pL. The test findings of our method had a good consistency with that of real-time
fluorescence quantitative PCR method, but our method took less than half the time consuming of the PCR method, and the
whole detection process could be finished in 32 min. The method and technology developed in this study propose a novel
approach for nucleic acid detection at health-care center and home.

Key words biotechnology; CRISPR/Casl2a; point-of-care detection device; on-site nucleic acid rapid detection;
fluorescence detection optical path
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