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Abstract: [Objective] To develop a rapid nucleic acid detection method for Marburg virus
based on clustered regularly interspaced short palindromic repeats/associated protein 13a
(CRISPR/Cas13a). [Methods] According to the conserved region of Marburg virus nucleoprotein
(NP) gene, specific primers for reverse transcription recombinase-aided amplification (RT-RAA)
and CRISPR RNA (crRNA) were designed and synthesized. RT-RAA was employed to amplify
the target sequence. The amplification products were detected by the CRISPR-Cas13a system, and
the results were interpreted by easy-readout and sensitive enhanced (ERASE) lateral flow test
strips. Finally, the national reference panel was used to evaluate the sensitivity and specificity of
the new method. [Results] A set of high-efficiency RT-RAA primers and crRNA targeting
Marburg virus NP gene was screened, on the basis of which a CRISPR-ERASE method for the
detection of Marburg virus was developed. The target nucleic acid with a concentration of
1 copy/uL could be detected within 1 h, and there was no cross-reaction with other several
pathogens. [Conclusion] In this study, a rapid, simple, highly sensitive, and specific nucleic acid
detection method for Marburg virus was developed based on CRISPR/Cas13a.

Keywords: Marburg virus; CRISPR/Casl3a; nucleic acid detection; reverse transcription
recombinase-aided amplification (RT-RAA)

1967 4, /R B89 5 (Marburg virus, MARV)  JER gt 4% & H BT AT FEHEH,

ORI T 18 BRI, e —Fh 22 R
PR TEE RNA 98¢, AL AEAIE AR
K2, B/REm R SEN 4l 7 4 BB
+ 3 A 4 4 HE 91 4 B (3'-NP-VP35-VP40-GP-
VP30-VP24-L-5") , 43 5l 1 3¢ 4% 1% ¥ & 1
(nucleoprotein, NP), J&#:#E [1 35 (viral protein
35, VP35) Ji5 245 11 40 (viral protein 40, VP40) .
B8 H (glycoprotein, GP). fRE:fEH 30 (viral
protein 30, VP30), SRR 24 (viral protein 24,
VP24) 1 RNA R4 H B (polymerase, L)P!. NP
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AL SR B L 4] RNA, ff40 Ho sz 3453,
M HAEEE RNA W52 ] 5 4 ok vt e #4 5C
TER™; NP WGP R E R, AT
PRS0, TR AR 9% 36 42 NP 35 R SRy A6
PYREFR BN o ER N BE E AR AR IAAT, TR
LR, B, BT REEFZMX ZREK
et , 202342 4453 71, JRIEJLAEFIHS
JE AR S IR K T BRI, HREKYS
WA e e R B T, 2015 41, i
AU A 204 (World Health Organization, WHO)



ElW 4 | AR, 2024, 64(8)

3075

W RN EE SN A FT BB G & KA T 2 i G
R SALYYR; 1E 2018 4F, IR A N
SRS T e e TR M B AL Y 0, 1
IR BRI BN AR IR RE AR y A IR L Kk
GRS RE AR, AT kR S A O
P, RIEERE R 88%! P ZIREUL RS, I
IRRUARRE I 55, JCHEME BT R 2 ) S
BT, PR | 5 A R
o 3 00 R I 10 o 2 LR TR S R EE Y AT S
RT3 By R B skl () e, (R0
TEA YL RS R = AT, A T PR A
IUT, B T R B B A I Ay 1 R
B 9% W Bt 328 56 (enzyme-linked immunosorbent
assay, ELISA). SZHY2¢ )% # PCR (quantitative
real-time PCR, qPCR)FIHE R P45, (HixX 865
ARERTE, STl B S5 A ARG B
SME LR 2855 25147 I it X R R i e
W TR T e — A R A PR H R G RE A
W7 o

A A 3 5 B A% FR P 1 (recombinase
aided amplification, RAA)Z—FffE RS MRS
R AR . 78 37-39 °CIHIR T, T4/ 559
SEWNE G, RAS5IY AN AR
DNA s il Bl i , S (AR 5 5 | W = 1Al ke A= i
Beffe, JHAE DNA REBEERT SEMF5BORT 9
M, DT SEERRT H AR 8 140 i ki
HAH A PR AL IRY 1 (reverse  transcription
recombinase aided amplification, RT-RAA)|7E
ICELAI B IG I T iR SR AP BR, Je ) FH A SR il
4 RNA 5% 5% 5y DNA FRifF1T RAA 71, 14
AR T 2 R ISR A A 2021 SRR
ARG I APl i, B T U 1) 9 ) 1]
J5 [8] 3CE & 7 %)) (clustered regularly interspaced
short palindromic repeats, CRISPR)HY#% IR K
W AR AT — 1 T2 Wi R, F

M Cas13 HEH AR DI 2k, 454 S5
¥ 14 F: R, Gootenberg %5 JF & T Specific
High-sensitivity Enzymatic Reporter unLOCKing
(SHERLOCK)RZ BRI - 5 B4, 2 H AR AE o il
TRRE . I A 2 T SRR I SR R A
SRR AR Li RO & T —Fh
H:F CRISPR/Cas13a [17H £k (easy-readout and
sensitive enhanced, ERASE)MI ¥ )2 #7 i 4C 45
Jiik AR RAA B RT-RAA X HFR %R
PATY MR, FF DNA ¥ S5 5 Al g CRISPR
RNA (crRNA)F #VER AT RNA, 24 HFR RNA
Y5 crRNA-Cas13a H T SRR LSS G5
1 Cas13a & AP DI 16 P, ARRR Sk
DI RNA, DA B A P 35 70 Bl R i T FAM
(fluorescein amidite)3& ] I A= #) % (biotin) JE
IS RNA 5 BSOS A4 28 00 2000 1 it 2
Prikat, AR R 4 G 3, F3id A FAM
PUIAR R AR 4 0k 25 5 FAM SR 456 MAE7E
HARZment, 45 RNA g1, Wik e
WA A SR AR IR ZR(T 28, test line),
# RNA [ Biotin 5 e S HOEFIR S S, AR
INARAT, ARG R S BT FAM Btk 5
PELR(C 4L, control line)Z5 & W/ 4547 3 M ALF
1E BARZIRRT, 454 FAM [0 1A 4 ok ik
SERIRAG RNA 5 T KA B, MmE T
2 C AR BoR A (B )P R Z AR S
TR Z e A BRI, A B A et R i
HAR A7 g B0 AR B R R AR gy
— P IC T DA I AN 25 1 JRK 48 95 T AZ IR P ik
R Ik

1 MR5r%

1.1 EERXFIFNEE
T7 Quick High Yield RNA Synthesis Kit.
NTP {E5 ¥ ./ B RNase il 5 , New England
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Figure 1

Biolabs /A #); RNaseAlert™ QC System v2.
HEPES. MgCl,, ThermoFisher Scientific /A A ;
RT-E A BUAZ R 38 AR (RAA 7)), B A AR
YR A R /A F]; LwaCas13a #5[1, GenScript
/5 Fl; 2xSuper Pfx Master Mix, VL8R 204
PR ARG PR w5 oK Bz, =S EE,
YR I A IR F] ;. DNA 42 H 7]
R FEFHA R A F]; RNAClean XP Iz
45, Beckman Coulter A F]; T7 RNA &, —
18 RT-qPCR YLy a7 &5 , TaKaRa 23 Al
RNase-free ddH,O, B 5UMMERE A MR B A
FRZAF]; ERASE BERALINIRAR, HOF.

MiniAmp™ # 5 ¥R L ,
Scientific A1) ; &J&#, COYOTE A w]; Simf
PEIEE R PCR AL, Roche 24 H]; 4 HIMZIRIE
BUAL, EHAEBRAEYEARARAE; G300
I e L, Sigma-Aldrich A ; R
JeY6RET, IMPLEN 2],
1.2 5¥i&it#0 crRNA B9HI &

R EE A P S N 8 NCBI Ml

il MAFFT #2/% (https://mafft.cbrc.jp/alignment/
server/) HELXF P A PRSP, 28 2% #k (GenBank
G5l AY430365.1). ARAECRSF TSI T

ThermoFisher
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The schematic of CRISPR-ERASE method for Marburg virus detection.

RT-RAA 5 PCR 5|9, 5175 Hdt
R—WEm A PR A ARG (R 1), R

V¥ 51 4 B8 5 B AR 4 [ U523 crRNA 5 Tl
#% crRNA WP, ARPEHETI TAEELA, e Rdsk
HEAT PCR 43 7 A7 AR S 5 1 ok 72 ) 4%
crRNA, PCR L5149 55| A T7 J5 shF 41
DU 5 kb1 76 B, R PCR §74% crRNA
HEHUF A, FTHl4 crRNA i PCR 5|4 Kk
A 5 40 35 Hh A R — W m A R A BR A A
(3 1), PCR RUWAAZ (50 pl): 2xSuper Pfx
Master Mix 25 uL, . FUHEZI4(10 pmol/L)4%
2 uL, #Hz(crRNA-T) 2 pL, RNase-free ddH,O
19 uL. FEAMREIE A MiniAmp™ $UE PR
Hr, B PCR M RF: 95 °CHilZEE: 5 min;
95 °CAEYE 30's, 55 °CiR 'k 30's, 72 °CHEfi 45 s,
35 MEFR; 72 °CCALEAH 10 min; 4 °CHEAF. PCR
FE a4k 5 T7 Quick High Yield RNA
Synthesis Kit #4714 ME 5%, #5 SOWAKFR (20 pL):
NTP Buffer Mix 10 pL, T7 RNA Polymerase Mix
2 uL, DNA 543 1 pg, RNase-free ddH,O {4k R
#MEE 20 uLo BBV AR AR IR BSR4
37 °CiFHE =/ 12 h, BH MG A RNA
Clean XP il & 461k crRNA,
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Table 1  Primer nucleic acid sequence

Name Sequence (5'—3")

RT-RAA-F1 AATTCTAATACGACTCACTATAGGGGAAGAGATGGATTTACACAGTTTGTTGGAG

RT-RAA-F2 AATTCTAATACGACTCACTATAGGGGAGATGGATTTACACAGTTTGTTGGAGTTG

RT-RAA-F3 AATTCTAATACGACTCACTATAGGGGATTTACACAGTTTGTTGGAGTTGGGTAC

RT-RAA-R1 TCAACACACAACGTCAGCAAACCCCCTTCT

RT-RAA-R2 TCCAAGATCAATCCCTGAGTTTATTGCATC

RT-RAA-R3 TAGTAATGCTCAACACACAACGTCAGCAAA

RT-RAA-R4 CAACGTCAGCAAACCCCCTTCTAGGAGATC

T7-crRNA-F TAATACGACTCACTATAGGGGATTTAGACTACCCCAA

crRNA1-R TTCGTAATAAGAAAGTGATA

crRNA2-R AAATCATCAGGTTAGTATCT

crRNA3-R ATGCAATAAACTCAGGGATT

crRNAI-T GGGATTTAGACTACCCCAAAAACGAAGGGGACTAAAACTCAAATAATATCACTTTCTTATTACGAA
crRNA2-T GGGATTTAGACTACCCCAAAAACGAAGGGGACTAAAACCTGATTACAGATACTAACCTGATGATTT
crRNA3-T GGGATTTAGACTACCCCAAAAACGAAGGGGACTAAAACCCAAGATCAATCCCTGAGTTTATTGCAT
PCR-R ATTCAATATTATGGGCAAGTTCAACT

PCR-F AGTCGTTGAATTCTTCGTTTACTGC

Reporter RNA  FAM-20U-Biotin

1.3 RT-RAA %

M RT-JEAERIZIRY 1S 0 (RAA )T
W, OREE SRR AR G O T R A o &
L, AR ECR . FIH RT-RAA L3 A5
B, BI9F5)HARMNZR 1 iR, RT-RAA ¥4

VARZR (50 ul): A ZZupi 25 uL, B &Pl
2.5 uL, b, FHESIP(10 pmol/L)4% 2 uL,
#2 10 uL, RNase-free ddH20 8.5uL, mEE®
JEEE] 6-8 IR FEAMRAVAW, KRR RE T4
JEEH, 42 °CHFE 30 min,

1.4 CRISPR %346

1.3 &R ) 5 uL 5 CRISPR/Cas13a
PR RIS, BUA LightCycler 96 S %€
JeE & PCR {Y#EfF CRISPR %G .
CRISPR #GAGMIAR (25 pL): NTP IRA W
(25 mmol/L) 2 uL, RNase #iJiifil5§](40 U/uL) 1 L,
T7 RNA H4 (50 U/uL) 0.5 L, HEPES (1 mol/L)
0.5 uL, MgCl, (1 mol/L) 0.25 uL, RNaseAlert™

QC System v2 (2 nmol/mL) 2.5 uL, crRNA
(100 ng/uL) 1.5 pL, Casl3a & (600 nmol/L)
1 uL, RNase-free ddH,0 10.75 uL, RT-RAA § 14
7% 5 uL. CRISPR %ﬁ‘éﬁe%“iﬂ" G 37 °CieE
60 min, £ FAM @i, #AGHK 490 nm, &
%ﬁﬁﬁsmnmeme*%*&%ﬁﬁ
5, SIS S B AR Ak

1.5 CRISPR-ERASE #&3)

1.3 HraERy ™) 5 pL 5 CRISPR-
ERASE i 40 iA RIEE, 4RI L 37 °C
fEIR %A 30 min, 7EMFEESNE, B H
AWK R 5% 5 ERASE A% R 6 I 32t 4%
b, ZEfF 3-5 min BP AT A AR 2 EORG N 45 AR
CRISPR-ERASE 40Kl (& 2 (50 pL): tNTP
AW (25 mmol/L) 4 uL, RNase {51 (40 U/uL)
2 uL, T7 RNA %-&H§(50 U/uL) 1 uL, HEPES
(I mol/L) 1 puL, MgCl, (I mol/L) 0.5 nuL,
FAM-20U-Biotin (20 nmol/L) 5 uL, Casl3a M

http://journals.im.ac.cn/actamicrocn
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(600 nmol/L) 2 pL, crRNA (100 ng/uL) 3 pL,
RNase-free ddH,0 26.5 pL, 25 #7574 5 uL,
ERASE IRACEE AL . TAARA., CL
A, HEEE; T 4. C &R 6, B
JBATE; C AR, WSRO
1.6 RT-qPCR 48

fifi FH— 21 RT-qPCR Y RREAG ) o X A5
A TR . RT-qPCR A& (25 pL): TB Green
RT-PCR Buffer I 12.5 pL, Ex TaqHS (5 U/pL)
0.5 uL, RT enzyme Mix I1 0.5 pL, . TS
¥7(10 pmol/L)%% 0.5 uL, 54k 2 uL, RNase-free
ddH,O 8.5 pL. Hiffl 6-8 IWF/MRSIEW, ¥
HE TSI G2 & PCRAXH, RT-qPCR 5l
A 1EPE SYBREIE, 42 °CiHi%s 5 5 min;
95 °CHIAEM: 10 5595 °CAEM: 5's, 60 °CiR K /AEfH
30 s, 40 DMEI, BDIEIREE AN R A — I
FHAFT -
1.7 BREFSZBENKFIERSE R
5 gt B

I IR B9 B R AG I 50 [l K 2 2% i el oh
Bl 24 A 9T e 32 11E(370042-201801),
BRI | e IS s B FIORS 25 B 225 & o I 2R
R AL P T /R R0 B A% B 11 35k R RORE 28 11 S I
RNA W AR 6 2 B0kE , BAYES % 5k 5 FhK
T P PR B % 5 RORD A I A R 1 40 v
O R B ER SR LR B IR
L ERATSE 3 A i S B SN N 7 R
il B

FHE S S dE . P1-1 (/R 1980 4F
4 B FR/Mt. Elgon-Musoke 4K NP JE[A, HefE
24 1x10° copies/pL). P1-2 (Hy/REEMH T 1980 4F
I EFR/Mt. Elgon-Musoke 44 GP A, Wk
24 1x10° copies/pL) . P2-1 (H/REEJKTE 2012 4
Iy BBk /Mbg-422-2012 (4K NP JE[H, ¥
24 1x10° copies/uL). P2-2 (Hy/RE&MHTE 2012 4F

<l actamicro@im.ac.cn, & 010-64807516

3B AR /Mbg-422-2012 A4 K GP &R, MR
24 1x10° copies/puL). P3-1 (H/REEHRHE 2014 4
43 BBk /Kampala-812601 14K NP KK, e
24 1x10° copies/pL). P3-2 (H/REEIRFEAEIPES
¥k /Kampala-812601 4K GP FE[H, WEZ
1x10° copies/uL)

WEES % R (B/REHREE 2012 441
BIFR/Mbg-422-2012 ()44 NP FI GP 2 A, ¥
JE 24 1x10° copies/uL).

ARk R =% A dE . S1-85, Hrh
S1-S4 s %5 22 i R FHIIME % 10 15586 1
T B3RS, S1HEE N 1x10" copies/ul, S2 ¥/
J5 1x10° copies/uL, S3 ¥ K 1x107 copies/uL,
S4 e H 1x10' copies/uL, S5 NEAYEIMIE .

FPESZ 0. Bl (FivaE4t NP/GP 2E[H
NP LR 5.81x10° copies/uL , GP KEPRIVkJE Ky
5.61x10" copies/uL). C3-1 (FLI/REIR SRS
K NP/GP J&[H NP JE[RH A 1.84x10° copies/uL,
GP ¥ E N 2.01x10° copies/ul). N1 (FEfLi5
WHREE, WEE N 5.58%10° copies/uL). N2 (Z BUfii
RIBE SA14-14-2 tk, TN 0.44 1g PFU/mL).
N3 (#R MG R 5 B senzhang ¥k, % B A
0.64 1g LDsy/mL), N4 (BN E: 5 254 AF H i
PO, TN 0.58 Ig CCIDsy/mL). N5 (¥
P EE 17D Kk, LA 0.49 Ig PFU/mL).

fifi 4 A Zh i R 3 UL (0% | 28 B
ARG BRA ], FARIEUL XS SR 6 1A% IR
R ) [ R S5 i A TR PR AR L, R PR R
U WA 80 pL S5 fbEAC, k4% 80 uL #%
PR HE R AS . A A %% B2 2% i R F RNase-free
ddH,O #% 1:10 W R e $E i, HRSH WA T
B EIEPE . MBS IES% 0 R AT
FEEC10 K, HRS % T RE 1K,

1.8 crRNA 5 RT-RAA 3|40 %
W P1-1 B 225 i 4 B A% R s ok 2 vk 32
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} 10° copies/uL, FJJH 1.3 4 RT-RAA §"HH )7
P ZHR AR AT 1S, orRNA #280 1.2 h
15 B EA T £ , A 1.4 FB CRISPR % 6 K6
7 3243 M#E Al crRNAT. crRNA2. crRNA3
XA TR, PRSI A R, R AG
I 75¢ S AR 5% 2 Y crRNA (7 J5 2252150

4 P1-1 BRI S5 b S U AL R A R 28 vk S
J5 10" copies/uL, i E crRNA J&, ¥ b . Fif
51 400 VA R X 2L WP R R AS AT, i
FHEE B crRNA JEFT CRISPR DG4, %
PERTIN DA Foe 2 5 | W AL A TR 250 5
1.9 REEFEMH

ST VA AR Ty ) R R AR LY NP
SEPIAZ IR 10 F50R B2 1 AR B LR JEE o 10°.10%
10", 10°, 107" copies/uL HIIZFRFEANE MR ,
RNase-free ddH,O fE R BAPEXT AR, 435IfHH 1.4
CRISPR %346 . 1.5 Ff CRISPR-ERASE
DIFD 1.6 1 RT-qPCR Jy X BEARGEEATAG I, L
e 3 Ry ke B A I 2 AEORE . RIS, A A CRISPR-
ERASE #5 J7 ¥ %1 275 i S1-S5 A T4 .
1.10 #FRM4EFBEMEIFN

FIH CRISPR-ERASE A6 7 32 46 2% iy
Pl-1. P2-1, P3-1, P1-2, P2-2., P3-2, KiFA
Dk REAR L s R, RS2 A N1-NS
Bl. C3-1, X izJiidkdetr e kit . A
CRISPR-ERASE il J7 V546 I 25 &2 2 L 10 1K
IS5 R, TEMA TR et D RSy
L RNase-free ddH,O fEREAVEXT AR, 57 PEPE
B LAZ25 5 P1-1 2R AZ RR AR R B X R
111 FitA®

{if F GraphPad Prism 8.0.2 #4347 88 4k
B, 2 HEESEERERM (K, $
2 2 20 ) 22 5 LU BCR B R Oy 22 0 i i A 7
BP0 o R T R TEAS T A o A 1k N R A

P, FrASEIRYRE T ED 3 AN AR E
2, P<0.05 N AESEASIEE L,

2 BERGAM

21 SN REFENSEFHETESIME
crRNA F 1%

TE NCBI F#E L /REEWRETH, SR
RS FY NP EFEEIT514 5 crRNA
(E 2A). M T HRBEH R crRNA, XTHREE N
10° copies/uL MIBRFEA ST RT-RAA P73,
PRl 8= Py T crRNA i deseity, +6 s
PR 3 2k crRNA ) CRISPR o S £k 34
TS, orRNAL KA R TE 30 min #EASE
EWI(F 2B), W FFER 30 min B 3 2% crRNA 1
crRNA1 55 5 5emi 4(2.098+0.122) a.u. (5] 20),
XF EEBF X BE 2 BAT SE 122 22 5 (P<0.000 1),
Kt A crRNAL AT JR 22500, o T ik i
A AEIRY IG5, KR B MRS
WAL A AT L, XM B 0 B bR R
(1 copy/uL)iE47 RT-RAA 384, (i iy 18 7= 4k
7T CRISPR % kil . #£ i 47 30 min B, 5]
Yt F2R1 9$6ME K 0.953 au. (& 2D), fEAFA
12 Fhg G rhoO R R, PIESE F2R1 514
X TIREESES . WA EST T AT CRISPR/Casl3a
ORISR Salll R
2.2 ET CRISPR/Casl3a HIG/RIBFKS
¥l 7% R SRR

R TV Z TR R, A 10 f5k
JERBEERG BRI MARV NP JE DIAZBRAE MR pfe it
Ak sent, 5 R 3A . 3B Fs, KilgEtr
10 min A, CRISPR %Gk nl A ik B 5 ik
1 copy/uL I HARZIR, DH(ER(0.95040.112) a.u.,
55 B X FEZH A AT 2 3 22 55(P<0.000 1), Uit
Hh, it PCR 51447 RT-qPCR #aill, #5Al%

http://journals.im.ac.cn/actamicrocn
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CLC1I )
LT T = VP35 GP VP24
| — = — ) —
L T T T - -
l T = —
| T -
- RAA-F crRNALI crRNA2 crRNA3 RAA-R™ = ———
——— — G
B ¢ D
= LT
2.5 _ &2 F1 0.8 £}
=l s 2.0 &
&% — crRNAI g | .
8 1.5f — crRNA2 g L5 2 g
s — CrRNA3 3 | o 3
g 101 —NG_ . B0 | "
E =t " g 2
- —— g b F3 02 i
—— 0.0 ; . .

?
2
?
>

n

B2 54K crRNA BRIt STEIE A: 51981 ooRNA B9 RER, HREEFE D SR %5 NP A,
B:3 7% crRNA H]F* CRISPR £l 60 min 25658 HE 2k, NC I BATEXT BE. C: JH T CRISPR 6l 3 2% crRNA
TEJZ N 30 min B ZEGME, A IETT 3 MEARER , NC R HMEXT B C**: P<0.000 1). D: 5[4
LSSy, b TSI ALS SN 30 min Y 2EOGIE

Figure 2 Design and screening for efficiency primers and crRNAs. A: Design schematic of primers and
crRNAs. The target gene is NP gene of Marburg virus. B: Kinetics of fluorescence signal within 60 min of
three different crRNAs for CRISPR detection. NC: Negative control. C: Fluorescence values in 30 min of
three different crRNAs for CRISPR detection. The data are the mean+SD, for three technical replicates; NC:

Negative control (****: P<0.000 1). D: Heatmaps of different primer pairs for 30 min CRISPR fluorescence
reaction.

AR A 1 copy/ul B9 HARE R (C fH R
35.69+0.55). 454 THERIEMR IR T /R BRI
/%) CRISPR-ERASE #&:ill :, 45BNz ik 1,

AT PR o RS ETEM SE g S5 R ANl 4A | 4B fr
7N, PHAE X BE (positive control, PC)ZHHIi5z Ky BH
FMEZ 22 i (NT-N5 . Bl, C3-1)5 BT i

AR EE A 1 copy/ul 1 BARZIR (Kl 3D).
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Figure 3 Sensitivity evaluation of Marburg virus detection based on CRISPR/Casl3a. A: Kinetics of
fluorescence signal within 60 min of different diluted nucleic acid for CRISPR detection. B: Fluorescence
values in 10 min of different diluted nucleic acid for CRISPR detection (****: P<0.000 1; ns: P>0.05). C:
The gradient diluted target nucleic acid was detected by RT-qPCR. D: Detection results of different diluted

nucleic acid using CRISPR-ERASE assay. The signal intensities of the T and C lines were generated using
Imagel software.
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Figure 4 Evaluation of specificity, limit of detection and stability of this method. A: Evaluation of
specificity. The negative reference materials were N1-N5, B1, and C3-1; PC: Positive control; NC: Negative
control. B: Evaluation of target gene. The target gene of P1-1, P2-1, and P3-1 were Marburg virus NP genes;
the target gene of P1-2, P2-2, and P3-2 were Marburg virus GP genes; NC: Negative control. C: Evaluation of
limit of detection. The concentration of nucleic acid in S1-S4 was decreased by 10-fold gradient; S5:
Negative plasma; NC: Negative control. D: Evaluation of stability. 1—10 were the 10 test results of reference

R; NC: Negative control.
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