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B OE.HE %5 ERENREASLEL(CRISPR) FH 5 AL X B FE G (Cas) ol 2% FHBR
LB 3 (RPA) MAEHANZEE IR BT X rpoB AR T T eyt tonl ik, Hik @ Laky
WA E rpoB AR FHH MR T IL.E D516Y(GAC—TAC) .H526D(CAC—>GAC) 2 S531L(TCG—TTG) A #
Mtz MBEFARA PR TR R E, & FH ik RPAF BTN M. A A¥ed R %1% 56 CRISPR-RNA
(crRNA) . 4L LbaCasl2a & & 3R BB B 44, B3k L B X by 8] 7% M Fodf 714 ; #4 RPA 473 5 CRISPR 4
ML AT R BERE B R TERE>HFARSRE A AE. - FA R T EEHET L
% RPA-CRISPR #& ] & 48, & n i at, KELEREF GRS B A4, A A RPA-CRISPR A& 4k % i
47 rpoB BAFE T4z k4w, Z5ER  AJA BLAST & Oligo cale BEHF R EBR T A REALZ T A 2% R IgHER
B W, ok i ik A S 4 F2/RT(F 3 F 289 bp) 2 5 RPA ¥ ¥R A, 43 3ABARE T2 L, 5 5%t T &
4 23 nt & Fa A& %) 49 516-TAC-crRNA, 22 nt [ & 5 5] # 526-GAC-crRNA & 23 nt 14 [ & 7] 49 531-TTG-
crRNA, .48 CRISPR-Cas12a 4k & ,iE 55 £ & X 37 %) 7& b A R T 47 3 4F F 0 (P <<0. 05), # & Casl2a/crRNA
WE 484 150/100 nmol/L(516 1% &) F= 200/50 nmol/L(526/531 4% %) ,3 AMFaml 4k & ¥ 65 38 3R 2 L Ak
JE3 % 250 nmol/L, RPA-CRISPR # il & %89 %4 R & 4 5 RPA 5% ¥ ¥ 8 19 4 20 min, DNA M A
¥FEHmHEH AL pL, AR T A LEME L EE RPA-CRISPR #2024, L4t % £ 42 °C 30 min A
Tos A, BAEm 3 AR TR R A A 10° copies/pl, £ % RPA-CRISPR F ikt 25 #lls k5 & @
MRFATHM , 4 R AW F] 2 #) rpoB_D516Y £ % .1 4 rpoB_H526D R T A= 8 #] rpoB S531L 2%, 54K H4
WA (WG A Fik 96% ., %518 £ RPA-CRISPR F ik A % 7T A EMKF £, LA BRFERAL, ik &
B E AT RA LTSRS BATA A AR -T 6 2h AN 4R A T TR,
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Abstract: Objective To develop a rapid detection method targeting rpoB gene mutations associated with
rifampicin resistance in Mycobacterium tuberculosis (MTB) by integrating clustered regularly interspaced
short palindromic repeats (CRISPR)-associated proteins (Casl2a) and recombinase polymerase amplification
(RPA). Methods High-frequency mutation loci within rpoB [D516Y(GAC—~TAC), H526D (CAC—>GAC),
and S531L (TCG—TTG) ] were identified through literature analysis, and wild-and mutant-type plasmids
were constructed. RPA primers were designed and screened,and CRISPR-RNAs (crRNAs) targeting the mu-
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tations were designed. LbaCasl2a protein concentration and reaction conditions were optimized to validate
CRISPR system trans-cleavage activity and specificity. The RPA-CRISPR system was integrated by optimizing
amplification time and template input and fluorescence signal differences to distinguish wild-type and mutant
plasmids. A single-tube RPA-CRISPR system was developed using the physical structure of amplification
tubes to enhance performance. Clinical isolates from tuberculosis patients were tested using the single-tube
RPA-CRISPR system. Results Specific primers (F2/R7,amplicon 289 bp) were selected by using BLAST,
Oligo Calc,and 2% agarose gel electrophoresis. Three crRNAs [516-TAC-crRNA (23 nt),526-GAC-crRNA
(22 nt) ,and 531-TTG-crRNA (23 nt) Jwere designed. Optimized CRISPR-Casl2a systems were demonstrated
trans-cleavage activity and mutation-specific recognition (P < 0. 05), with Casl2a/crRNA concentrations of
150/100 nmol/L (516 site) and 200/50 nmol/L (526/531 sites) ,and 250 nmol/L fluorescent reporter. The op-
timal RPA-CRISPR conditions included 20 min RPA amplification and 5 pI. DNA template/amplicon input.
The single-tube system achieved detection within 30 min at 42 °C, with sensitivity of 10° copies/pl for all
three mutants. Testing 25 clinical isolates with RPA-CRISPR assay revealed 2 rpoB_D516Y,1 rpoB_H526D,
and 8 rpoB_S531L mutations, showing 96% concordance with whole-genome sequencing ( WGS). Conclusion The

single-tube RPA-CRISPR method minimizes aerosol contamination, offers simplicity and rapidity,and holds potential

for rifampicin resistance detection in MTB under resource-limited settings.
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P At L DA 24U (WHO) 4 BR 25 0% k45, 2023
AP A BRAT R S5 A% 00 B B2 1080 U7, B2
TR 820 J7t . FIARF B4 R R BB 25
WHO BN BT A 28 20 T8 2% TE 55 1Y 45 2% 0% 1835 17
AR ST T 245 P A, 5 RIS g0 3 ) R I 5 A2 3] L Al
Bl AN FE B e Ml AR BESR A v 45 22 Dy T Y R A i 2
PRI 1 7 T R AT R A . A Bk ORI A T T 24 25 4 0
(RR-TB) & F M+ 2 40 J7, B4 36 97 0 N B A
17. 6 J7 A5 2L W FE T 1 B I 3] 44 %50

FILAE ok 7 A1) B 2 [ SC E 2 (CRISPRO J3 81 5 H A
KRN A (Cas) # R Y CRISPR-Cas & 4t ., 1y —
FHT 24 04 53 112 Wr B R R o 8 e sl ) 00 347
JER K D45 B A 2 6 Y. CRISPR-Cas A A
CRISPR-RNA (crRNA) 5 M R ¥ AZ 1R 17 51 ST
Cas 5 [ A% R B D) 50 35 % L ok 1K X — s B A 1k Ry
AL I A 26 56 BRSO R R
CRISPR-Cas RGLH S5EMY WA AR . FHAMER
A Y (RPA) & —Fp @ 80 SE IR B B AR L il i &
Y1 . 4 DNA 254 & (A MaE B4 DNA R A W
e[ 6 F o] 7 BE IR R SE B A b
#at, CRISPR-Cas 24 fl RPA ¥ H R H % X
Jof B RE PR A SR AR AR 1 B LIRS I AE
R K W45 sk b B % . 1 DETECTRY A
HOLMES™ % 3 &, I, A W5 % A& RPA J&
CRISPR-Cas Z 4t , ¥ HE£F X5 45 1% 40 AT 3 A1 48 F Tif
2500 5C rpoB Bk A 98 AR 1y MR A I vk S itE — 2B PP Al
% 1 S B PR R A {8 A A R A S T 24 1
()12 T JRe B A1 37 JEL i

rifampicin resistance;

rpoB gene;  CRISPR-Casl2a;

1 #MEE5HE&E

11 bR 3T SCHR B , 25 8% 4 BOFF B (MTB)
1 24540 56 5848 E AL H T rpoB FE A Y Al 48 F- it
2y g XY AR ST AT R A 98 A5 44 rpoB_D516Y
(GAC—TAC) . rpoB_H526 D(CAC—GAC) fl rpoB_
S531L(TCG—>TTG) #4 @ A T CRISPR A4 4 % .
M NCBI %4 2 3K B MTB H37Rv i #k4 rpoB K
2% JF 5 (NC_000962. 3) , YEHU A 56 81 bp H 4 F i}
2L XY 450 bp AE M EE T 51, 43 5 5 b 2 K R A
W pUCS7 ik, Mg 3 154 bp 4 B 24k 50 1 58 748 #I
AL, 2878 AU O G SR OAN BTE R R B St B
kL BRI T B A 6 s SR B R AR 2 w0 B e AR
Py A 4G P 58 TR B B, %A R S T 24 9% AR A
P LR AR

1.2 Fik

1.2.1 & RPA Y Kk ZR  FIH Primer3 Plus
PELR A, LI 35 81 bp FILA - i 25 P %€ X 1) 450 bp
FH R B RS L %3 RPA 9788514, 4 BLAST
1 Oligo cale 43R S5 PEIF HERR — 450 5, 2B T
A T AR A PR TG . 3 2 06 iR e i v
VKO BE B AR B 1 = W N B . R RN 5 B0k
PrvR T8 RPA U &L Bl 20 pL AR R . 10 & A B 1Y
IRk &R P oin A 10wl ) Rehydration Buffer
(2X).,0.5 pul #J¥ K 20 pmol/L B9 E#F5147.0. 5 L.
WS 20 pmol/L B FE51 9 & 1~7 pl By DNA
M. ddH, O ¥R R AR 2 18 pL &M A 2 pL
Y Starter(10X),39 “C &R 40 min.,

1.2. 2 & CRISPR-Casl2a ¥l A &2 3 F
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Cas12a Fp 5P 5 v & 2 B AR v e (T 14 A7 5] B
JF 51 40530 3 7 (P AND (R R 7 28 728 07 s B 30T 97 3ok
PAM #5115 20~24 nt [0 fg 75 K& [# € % K 44
I crRNA, K LbaCas12a f# 20 pL 2 WA & .
41X Casl2a Reaction Buffer.50 nmol/L Casl2a.50
nmol/L ¢crRNA. 120 nmol/L % )¢t & & H & if &
RPA 774,37 °C ]2 ¥ 60 min(%F min REDE), 8
1o X R 2 S A A (R T L or RNA VB L 445 L 1D
T M A Y/ 58 A8 B R I %8 06 25 5L IR AR R XY
FVEPE S S RO S vk B B A ST AT IX 4y
D516Y . H526D, S531L %€ 748 i #% ) CRISPR &
ARG

1.2.3 4 RPA-CRISPR ¥k Rty g &4
RPA ¥"#% 5 CRISPR-Cas12a Kl , 3% RPA 47 14 i}
[ \RPA A EE B . CRISPR-Casl2a #7347 4 fin k¢
BT BT AR X D516Y . H526D Hl S5311L €48
A7 5 45 75 RPA-CRISPR il 44 £ . b 40 S0
Je 15 G o it — 25 R Y 1 1 ) BS540 RPA § 3
AR5 CRISPR-Casl2a JZ N A& & 76 545 N #4725 1)
Srba B AR A A T S 257, 1
SE LA N RN A FR I B AR R R IR 50 E U 58
AR SRR S PR R R

1.2.4 IR FES> 8 H bk i RPA-CRISPR #:i1l  it
SR R R AR B PR 43 B bR R T Y A
RPA-CRISPR N & R 4T rpoB %k B H b5 58 48 {7 45
Kol . 5 WGS W 45 J9F 47 — B0k A X 45 31
AN —BUYFEA  F— 25 2R R 10 U 5 (NG S) B IE .
1.3 Siitephb ¥ SR SPSS23. 0 48 i #5447 %k
Wb . 2 B{# ] GraphPad Prism 8. 0 34, *H
W Mann-Whitney U ¥ 5 Fll Fisher K i £ % 15 kb
# CRISPR-Casl2a &Gk M2 f5 S EE 5. D
P<C0.05 N ZERAGIFE L,

2 % F

2.1 RPAZRPHIARZRMES  FH Primer3 Plus
%1t RPA 514, 5% [l BLAST ¥ Oligo calc Z 15 g
JEET AR e 10 Ak S, HARF A L 1.
2 Yo B NG R BE I LUK B R L F2/RT 51 A AP =9
16 B b X B BURR S Pk B — 4571 (289 bp) , ToARAR T
Yo 9 1 ROR B AR BOEE 2 I T W X R RPA 98
KA.

2.2 rpoB & AF CRISPR-Casl2a {4 % # 4
D516 Y (GAC—>TAC) 7B si i) PAM J¥ 51l TTC,
WL TS 23 nt [MFEFHIAY 516-TAC-crRNA;
rpoB_H526D(CAC—GAC) iy PAM F3 K TTG, i%
T AL 22 nt BB TS A 526-GAC-crRNA;531 %
AR 5 BT R & B A9 PAM JF 3 BRI R R 22
HIREAZ(TCGTTG® JFIE K TTG fEA PAM 7

rpoB_

H it T E 23 nt [\ FR)F S EY 531-TTG-crRNA,
Wk 2,

CRISPR-Casl2a & 5 55 i @ 75, 5¢ 48 2 I 41 43
[ Casl2a/crRNA/Reporter ( J# %] TTTAATTT )/
RPA 79y Jal fih % .35 5005 5 (P <<0. 001) , Bk R AL
— 2053 W TC G R (&L 1), #FXF D516 Y H526D,S531L
2R crRNA BB 5 Pk 1R 28 78 1Y Bk, A6 I 5 A2
RUBURL B4 3G 7 P 3 A SR R B 2EO01F 5 B 2
PR AL L S, T A A K B X6 B T i i (P <<
0.05) (W 1), MeAb, ZWEIAL . DS16Y 1A R h
Casl2a 150 nmol/L/crRNA 100 nmol/L, H526D/
S531L & % & Casl2a 200 nmol/L/crRNA 50
nmol/L,reporter 5t — 4L E 250 nmol/L,

*1 $+3F 450 bp B#RF BI&ITH RPA 51915 31

GIE7E2 P (5 — 3D

F1 AGGACGTGGAGGCGATCACACCGCAGACGTT
F2 CCAGGACGTGGAGGCGATCACACCGCAGACG
F3 GTACGGTCGGCGAGCTGATCCAAAACCAGATC
F4 CGTACGGTCGGCGAGCTGATCCAAAACCAG
F5 GATCACACCGCAGACGTTGATCAACATCCGG
F6 CAGGACGTGGAGGCGATCACACCGCAGACGT
F7 GGACGTGGAGGCGATCACACCGCAGACGTTG
F8 GACGTGGAGGCGATCACACCGCAGACGTTGA
F9 ACGTGGAGGCGATCACACCGCAGACGTTGAT
F10 CCCAGGACGTGGAGGCGATCACACCGCAGAC
R1 GACCTCCAGCCCGGCACGCTCACGTGACAGA
R2 CAGGGGTTTCGATCGGGCACATCCGGCCGTA
R3 TGACCCGCGCGTACACCGACAGCGAGCCGAT
R4 GTACACCGACAGCGAGCCGATCAGACCGAT
R5 TACACCGACAGCGAGCCGATCAGACCGATG
R6 ACACCGACAGCGAGCCGATCAGACCGATGT
R7 CACCGACAGCGAGCCGATCAGACCGATGTT
RS CGTACACCGACAGCGAGCCGATCAGACCGA
R9 GCGTACACCGACAGCGAGCCGATCAGACCG
R10 CGCGTACACCGACAGCGAGCCGATCAGACC

TE BN F RO A 51 9 15 30 D 0 e 1 A de £ RPA 5190,

2.3 RPA-CRISPR il {A R A &7 RPA § 3 wf
] 24 20,3040 min B 82015 5 50 22 55 L Ge 12
BN (P>0.05), 78] RPA ¥ 8 {K &7 W 20 min
BT AR E . R, J5 225050 T i RPA 9714 [ 1
B AR 20 min, SBARE AL, 5 pL DNA AR
fii RPA ¥ 14 7= ¥ 7F CRISPR-Casl2a & 2  fil & 5
PRI BT R4 mfEG s . i — 2k PRA 729
TR 5 gL B R ARE R A5 foe O Ml 17 R A PR B Bt g
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FEIMEE R R 5 pl, WL 2,

2.4 4% RPA-CRISPR Kk Ry 3EF 1
WRE # 7  RPA-CRISPR ¥ J5 1, F FH P~ 14 45 4
FRIREE A, T T WA RPA 973 F1l CRISPR-Casl2a
KRB B T 22 IRl 3. W R O 2 R Bk (E
SAME L 1 AL A D 5wl B9 RPA BT IR R
BT 15 pL 9 CRISPR-Casl2a JZ W 1Kk & & T4
JES B B4 S L 8l 77 2% R B AR 5 5 B B E L AR 2
HAE TR (P<0.00D), HBL. RS 1 oy s
M RPA-CRISPR & W f& &, L8l RPA ¥ 18 5
CRISPR Kl () B Fp o g i Bk, f — 20 th g s
37.38.39.40.41.,42.43 C W &M T 02615 548

*x2

b, & B4 — RPA-CRISPR #; Wl {& & i ¥ & 42 °C,
J N R 5 e b, HR M S5 B3 m T HR
BEA, 25 A Giit i X (P<<0.001), #E—B ik &
P, CRISPR-Cas12a JZ % 10 min HJA] A & X 43 10° ~
10° copies/pL 58745 A1 5 By A= B i R (P <<0. 05) ., fix
LN, 30 min B K AR R RPA §7 14 20 min,
Casl2a fill 10 min, i FHR IR R A, FE RPA-
CRISPR f& £ ] 4 S ¥ X 43 rpoB D516Y . H526D #il
S531L 3 AN ZEA8 i 5 (P <<0.001) , RELJE K 10° cop-
ies/pL.(10° ~10° copies/pL 3 X 43, 10" copies/pL
AKX,

3 BiRREELIZITE ocRNA F 3

7K

FHl(5 —3"

516-TAC-crRNA
526-GAC-crRNA

531-TTG-crRNA

UAAUUUCUACUAAGUGUAGAU AUGUACCAGAACAACCCGCUGUC
UAAUUUCUACUAAGUGUAGAU UCGGUCAACCCCGACAGCGGGU
UAAUUUCUACUAAGUGUAGAU GCGCUGGGGCCCGGCGGUCUGUC

MM PR 9 crRNA 19 53k [ 52 %845

6X10°
1l 6X10° o 6X10% — 6X10%y ——
g 4X10° T S—] o - -
g 4X10
pi 3 4 10° 3 1 .
R 2X10 i I]E“_14><1o i
iz T 4 % 10°+
0 T T T T -:~R -:R ER
1 2 3 4 5 K 2x10%- K 2% 10°4 K
Cas12a + / + + + 1X10°
crRNA + + / + +
Reporter + + + / + 04 0- 0-
e+ + i + / MT WT NC MT WT NC MT WT NG
RATIENE M 516-TAC-crRNA%F S5 526-GAC—crRNAE S s 531-TTG-crRNAYS 112
. P<<0.001,
B 1 rpoB EE T CRISPR-Casl2a & & & 3L
1.2X10%
1X10%9 ~*= 15 min 1X104- -1 IJL - 13 ﬁ::
) « 3 uL -
—- 20 min
8X10°f - 30 min 8%10% 5 ul 9%10° 5 BL
@ = -7 ul = Tl 7
o 6X 10°- El}g 6X10%4 EIILE .
iz S _*H‘ 6X10%4
1 4X10° 1K 41034 K
3X10°
2X10°+
0 20 40 60 °3 20 40 60 3 20 40 60
i8] (min) B8] (min) B8] (min)
RPAH &R B A1k RPARZ R HOARAR A 2 AL CRISPR-Cas12a/R R H# H& FE4 A AR 1L
2 2 R I B[R] Py Y SE R ORAE S AR L
2 %% RPA-CRISPR R B &1L
2.5 i PR 4 B R bR B 45 RPA-CRISPR By Rz I &5 Fn 8 4] S531L 28748, Hosk 14 il R &I 2] ik 3 Fi 58

W WAL A 25 B IR 4 B R R AL RS R T 16
5] O 900 8 0k 0 5 9L B4 4 2 ) B o R 2
KA RPA-CRISPR J7 36 XF 25 i) I IR 43 25 1 &
BEATASIN L AS I E) 2 ] D516Y 2878 .1 i) H526D %748

AL, LFE 3T, 5 WGS 45 5 L. B A %R
96% ., 4% RPA-CRISPR J7 ¥ D516Y . H526D.
S531L A 4 275 (1 R A 100%, W3 4, Hop 1
il A 22 RPA-CRISPR J5 34 %] D516 Y (GAC—
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TAC) KA, M WGS KA H .4 (NGS B A% B %A R A 24 0 06 45 31 5 B 4 T 24
SR, 5 RPA-CRISPR ¥l 25 . — 3, HiZ &

- ==
— RPA
o7 =, =
- - pf—
, Cas12a ot
B ’ v N
—_— Vi
1 ’ -
’ Cas12a 4 -
PRt Satasy r -
L’
20 min 60 min

65 #5

2
20 min 60 min
12 12
= dsDNA (:-_C'_?_s a Cas12a—crRNA %a Cas12a—crRNA-dsDNA #—  ssDNA reporter
B ZRPA—CRISPRAGFILAA
2X10* 3
Laaad 4)(10 -
1. 5><10‘-| -I ! i ) N
i
e ARk
e . r |
—1 1.5X10% 3X10° = I
2
fm 1X10%4 1
op iy
1‘% f\g 1X10°
® R
5X10°4
5X10%
0-/ 0-
0 20 40 60 37 38 39 40 41 42 43 108 107  10° 10° 10 WT NC
B8] (min) B (C) iREE (copies/ pL)
AMAE AR THREES BERNERBERL BEECRISPRAZMIATEI10 min

TE < 12 3 7 A0 D T 18] D9 B S I €O 1558 A 5 RO B 3RR S BESE RN B ZOLAF 5] © 7 7 7 R P<<0. 000 1,
3 B & RPA-CRISPR # iUl &

*x3 B & RPA-CRISPR #ll 25 BllE KN BEHKMNL AR LEEME

B G S 516 7 s, 5878 4 Pk AR 526 {37 45 5875 4 I A R 531 37 g, A Pk AR
1 202.8 145.1 740.6
2 171.9 150.9 124.4
3 129.0 127.2 103.7
4 2 469.0 112.3 96. 6
5 128.9 119. 2 112.3
6 119.8 133.3 98.8
7 147.1 164.5 124.9
8 134.4 130.0 150. 3
9 117.5 134.0 123.3
10 968. 7 141.8 133.6
11 154.2 132.2 530. 6
12 121.6 121.6 117.5
13 98.9 111.8 464.3
14 98.0 108. 2 652. 2
15 125.6 116.9 121.9
16 99.2 92.2 555.9
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&R 3 BE RPA-CRISPR &l 25 BlIE RS B EHEMNL AR AESE
R 516 v 1 28 A5 A8 T 1k 2 526 {3 a1 28 A5 K I 1K R 531 i 15 28 A8 K T A 2R
17 113.2 128.6 126.0
18 120.7 124.7 121.2
19 124. 8 112.8 406. 3
20 135.6 138. 2 120.3
21 112.6 118.6 685.7
22 106. 4 107. 4 441. 2
23 114.9 796.1 121.1
24 101. 6 118.1 110.3
25 118. 4 118.1 126. 0
* 1 B RPA-CRISPR #&ill 25 BlIG K 5 E B bk BEFE 4R ( %0)
S REE5%CD R 5% CD B T AE (95 %6 C 1 R 4 A (95 %6 C 1
D516Y 100. 00(20. 65~100. 00) 95.83(79.76~99. 26) 50. 00(9. 45~90. 55) 100. 00(85. 69~100. 00)
H526D 100. 00(34. 24~100. 00) 100. 00(85. 69~100. 00) 100. 00(34. 24~100. 00) 100. 00(85. 69~100. 00)
S531L 100. 00(67. 56~100. 00) 100. 00(81. 57~100. 00) 100. 00(67. 56~100. 00) 100. 00(81. 57~100. 00)
3 i it A ABFSE T CRISPR-Casl2a RS

S5 95 S AR 1B P A0 R 0 3k T A e A e
SR TR 245 235 05 110 A% % o (8 L B 4 8 Jn &2 2= R IR A .
TR — 2R BT 45 A% 25 1 LTt 245 P 1 DR A 00 % i
PRIGIT PR sl e 2 Whos £ W, 45 4% 7 BFT
T 00 R 4 SF T 285 7 1 SR T rpoB FE R 28 A8 il Al
15 RNA B4 BS54 6 T B ki S 20 24
Per=A, RGP | AR B Ml RS I 25 % 43 A FF T rpoB
FE R AR X T 45 5 I PR 24 038 1) T 25 25 A% 9 1) 1%
BHAREZ L, RERLTEES B E RN R
TR 24 2K 50 2 TR 24 1 AG T %) 4 A o (H R I L
P42 2w LA JE I S DR i2 IR (75 SR L T2
H AR 0 GeneXpert MTB/RIF & B 5 . B ok #2 5
TR R A AE AR A LR AR B B A ), BR
W7 A WU = M X R O L AR Sk,
CRISPR-Cas % 4t SEAF Ho i s vk f e e e #5. 2
R A A% T G 000 43 Sk 194 R B AR 2 L A o AR ARG T A
FEHRA SR T ARE &, K. WG 05
245 R T R R T 2 28 AR A I B IE 5T AL
AR R AR & DAHE S LG R . A BF 5 3
CRISPR-Casl2a &%, 456 RPA SR HH AR £ X
S5 RFE A rpoB 3k R h Y SC B S AR L L T
— T {7 B B9 RPA-CRISPR 6 5 ¥ . I 38 5 %
e A 4 5 BT ok 1) G 000 6 I 1 G o e, o R ST T 24
PEGR A (0 772 FF R AR AL T 3 i R 4%

AR, 2P Cas A B #7120 H T 248 9 1% %
AT &S, Hod, CRISPR-Casl2a % 45 H H 4R
T G5 H TR B0 AL 75 B orRNA 3] 5, 3f B 5 4 =
P BRI 2 b 5008 M A L A, o A% R A
AR A A% O T 32 I FH T JEL ARG I R A i i

SR A BAE B rpoB 3k IR 28 AR A I AR &R L A O A
R A crRNA 51 % Casl2a & H 48 210 51
Jt45 4 Hix DNA JPF, 3G Casl2a B9 4% IR B 05 F
R Y] E 9 i B A AT A I AE S, Hod,
crRNA B R AWF 53 7 ik @ v i L8 3145, Casl2a
EHLAM orRNA B[ 7 51K B 38 % A 16 ~30 nt,
HAK S RN RS IR, A PAM F 51 %
Al crRNA [E][f )7 41 5 PAM MR 1~ 6 fFf
T IX A B & B E M E Casl2a & A 09 & X808 5%
LSRRI N 1 S N e 7 A AR L 1 G T
Casl2a HHRINE S T 89 PAM FHFME B T &
23 nt [\ FEF I H 516-TAC-crRNA, 22 nt [8] f§ )3 31
1) 526-GAC-crRNA & 23 nt [8] B& J¥ 51 i) 531-TTG-
crRNA, 45 B B /R, & F I & oRNA # & #
CRISPR-Casl12a ¢ ¥ fo il 28 48 7Y R A 7= A= 1 9
HfETREmS TE AR, 55T CRISPR-Cas9
ALY rpoB K K 8 AR K Iy M b L AR AIF R
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Y44 5 CRISPR-Casl2a R # U1 B J I #4 £ 19
RPA-CRISPR # I 44 2 , f 2 &7 4k T 454 I F2 O F KR
[ SR a1 I T R /S T B G R B e " U (VA
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LR Z AR, R OR T A Z R Cas B (M £
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REE W) E N LB R,
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Analysis of parasite infection pathogen spectrum and clinical characteristics
based on next-generation sequencing of metagenomics
Zhang Weili' ,Yuan Zhenzhao® , Xu Piao® .Lu Sifen',Xiao Xia',Xie Yi'"
1. Department of Laboratory Medicine ,West China Hos pital ,Sichuan University/Clinical
Laboratory Medicine Research Center ,West China Hospital ,Sichuan University/Sichuan
Clinical Research Center for Laboratory Medicine ,Chengdu ,Sichuan 610041,China ;
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Hospital s Luzhou ,Sichuan 646500,China ;4. Precision Medicine Center ,West
China Hospital ,Sichuan University ,Chengdu ,Sichuan 610041 ,China
Abstract: Objective To analyze the composition of the pathogen spectrum of parasitic infections using
metagenomic next-generation sequencing (mNGS) and to explore its relationship with the clinical characteris-
tics of patients. Methods Clinical data of patients with parasitic infections detected by mNGS from January
2022 to December 2024 were retrospectively collected. The characteristics of the pathogen spectrum and labo-
ratory inflammatory indicators [interleukin-6 (IL.-6), C-reactive protein (CRP), procalcitonin (PCT), white
blood cell count (WBC) ,and various cell percentages,etc. ] were analyzed. The differences between protozoan
and helminth infections were compared. Results Totally 29 cases of parasitic infections were detected. Proto-
zoa accounted for 55. 2% (16/29), predominantly Toxoplasma gondii (31. 3%), Helminths accounted for
44.8% (13/29), predominantly Echinococcus multilocularis (46. 2% ). The analysis of laboratory indicators
showed that the percentage and count of eosinophils in the helminth group were significantly higher than those
in the protozoan group,and the difference was statistically significant (P <C0. 01), while other inflammatory
indicators such as CRP,PCT,IL.-6,showed no statistically significant difference between the two groups (P>
0. 05). Conclusion mNGS provides a comprehensive characterization of the pathogen spectrum in parasitic in-
fections, with helminth infections exhibiting a marked elevation in eosinophils. The infection by helminth

shows a distinct feature of elevated eosinophils. The combination of mNGS and conventional serological tests
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