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Research progress on recombinase polymerase amplification
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Abstract: Recombinase polymerase amplification (RPA) is a technology that utilizes proteins such
as recombinase (T4 UvsX), single-stranded DNA binding protein (T4 Gp32), and strand
replacement DNA polymerase (Bsu) to amplify target nucleic acids at constant temperatures. In
recent years, RPA plays a unique role in the detection of bacteria, viruses, parasites, mycoplasma,
and chlamydia for it can amplify the target nucleic acid fragment with constant temperature and
high efficiency, it gradually becomes a key technology for point-of-care testing (POCT). This
review takes the principle of RPA technology as a starting point, it describes the clinical
application, shortcomings, and improvement of RPA, and RPA is expected to provide a new idea
for the rapid detection and diagnosis of clinical diseases.
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2019 AELIR, B R PR 2 SRR 17 X A
A A S A T E ORI . PCR L R
e R AE A, MENEIRY H HOR K
< R AE BT TR IR s B A D R A 2 Tz
Mo R, BT PCR Sz iy 7 rp it S 5 b fin
IS, ROV AR E PCR AP T, 25
DL PCR A LAt A A% BR Y™ 8 AT E PR A ) 0
JE R HHE) 32 3] T —E BRI

T 21 i 2R 5 B# P 1Y (recombinase  polymerase
amplification, RPA)F A UL 4B 4L TR Y™
WK, HARTER T RtvT i3, 23R pR /N
RPA FARARAERIE , KW I RIS, K% 20-30 min
BRI ARAT RGN 28 2R, R A B AR A A A 3
A SR o HR 5K (point-of-care testing,
POCT)Jt Hs 4 W L B Z A i X B&
28k, RPA AR 5 ZRhimIRE AL G,
G SR A0 RO iy, I HLIZ BRI 25 2R g m] A
b, WLEEAG I 25 SR s {4

AR SCLIA 43 RPA S50 AR A J iy J5E 3y S A
HE A T RPA BORTERGL BN | e S5 7
TR A RIS, X B ATAAE AN 2 AL L Bl
PEIT AT B, JFX AR AT,

1 RPA By#ER

RPA AR JETE 2006 41 Twist DX 23 Al
RS IR I EOR , FLROW AR Ry A
(T4 UvsX). Hif DNA 4545 (T4 Gp32)FilsE
H 1 DNA R4 1 (Bsu)5 Z P EFZH . ST,
HEARG S5 ECE EA - WE Ay, H
TEXGE DNA th SR RIIEE5, i€ [F 5 51
o, EHEARMMENT, 5195 ZB%, DNA
RUHEATR 2 0 FLE , BLIE, T4 Gp32 S5G7eff
fI85E DNA |, B 1k DNA B s ok o i
B, BERS, EAMMNTIY LR, Bsu REHE

55 BT 1R 3 A s R BT DNA B4 0, 5
A S AT, S H 9 DNA J7 41 46 50k
3B 1), Sk FR SR AR A, 7R
37-42 °CRl AT, J35haE 20 Wi S5 444 Bt 1
EIEZRSBEDISITY: /w37 & I B /b aa W 324 o
fIX, RV ICHRRIR A AR, B I ), X #R55E
SR, 2P LB BRS04 AR,
2 HFETHEEA

SEY I HOR R — R HOR BB, BT
RETEHE — 1 € AY IR BE 25 F T 97 47 € 1) DNA
2 RNA, IZRARGU SRR, KRIEE Sy
W, AR RIS . A B S AR R
1 (recombinase mediated isothermal nucleic acid
amplification technique, RAA)F A | IR T4
1" 1% (loop-mediated isothermal amplification,
LAMP)H A | AR R 7 41 B4 3 (nucleic acid
sequence-based amplification, NASBA)F A | 5 H
4 1 (strand displacement amplification, SDA)4%
AL F AT B Y (transcription-mediated
amplification, TMA)4% K | [ffd &4 iR 14
(enzymatic recombinase isothermal amplification,
ERAYHIAR | ffEMHHI 4 1 (helicase-dependent
amplification, HDA)FIVE I Z R 1 (rolling circle
nucleic acid amplification, RCA)EAM, F 35k
JUR 28 B S5 TR B BOR BEAT TR A 21

H A AN S P B (recombinase aided
amplification, RAAYFE AR 55 RPA A ALY J5L 3,
BRI A LA ) EAR AR R B S R 1
9 E B, AN T 2 A S TR 1 HOR T S Y
HIFANTR] s RPA H AR TR T4 Wik 1 7K 1 4
T4 UvsX. T4 Gp32 M4 & ¥ Bsu &Mk #E1E
FL T RAA R BTG 32 2RIk B 540 78 B
B, 114 UvsX. SSB #il DNA R4 Klenow
= Fpe,
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Mgl Forward primer

Reverse primer

@ UvsX
@ Gp32

1 RPAMIERIRIE A. TG-S E G HREEFYERS] DNA X4E. B: DNA XUSEf# 25 b #4E. C.
PSR ZE SR Y8 E WIfR 5% DNA 888, B R AsE. D: DNA RA S 53 DNA 845, E: #r
4% DNA W% 258 54T A-E 1 F8, SZ8H 1Y DNA JE513 1

Figure 1

The action principle of RPA A: Recombinase enzyme-primer complex specifically recognizes

DNA double strand. B: DNA double strand dissociation to single strand. C: The single-strand binding protein
binds the single strand of DNA that has just been dissociated, preventing the refolding into double strands. D:
DNA polymerase initiates the synthesis of new DNA strands. E: The newly synthesized DNA double strand is
repeated through the A—E process to achieve the target DNA sequence amplification.

LAMP & 2000 4EFF & S8R AR, JL
18 355 B DNA 451 40 Bst DNA polymerase
PR RNV HEAT, S ROV TR & 65 °C, N4
G B I o B B 2% 8 NI 115 g 1=
5 PCR 19 3 N B BEAR IR, LAMP 2y 4> 7%
RFFEINFA . A A1) P 3R] A 808 19 DNAT,

NASBA T 1991 4EEkdg s, #il AMV
WG SR . IR EE H (RNase H)FI T7 RNA
REH 3 FEGLEEN, Bl 1 XA T7 5%

H5 105 | S SRR Y SRR, RO AR
JEHE 41 °C, AIAE 2 h PREHSAR RNA §71 107 5,
EL L PCR B R 24 10° 500,

SDA HFEE N VI AR & ALk, B
DNA W i 5 A Bl 1b 2 08 1 g PR il 1 A% 12 9 1)
BRI A, e N OB LR 57 S0 DNA
FIHFG T, DNA A Mkt 5 e G 1 3 58
2 DNA #%, #8E# Tk DNA FgEn] 5519
454, W DNA RABEE A AR aE! "
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RCA T 1998 F4&Hi, FZifH Phi29 DNA
KAWL R, TSl A SR A4 P3R4k DNA
IR, 76 H A 5 B 05 PR 1) DNA R4 B
AT, BESZEFRR DNA @99 58, Y AES: B4
MR EL K R, 4738 7 W) — RO i FEAE [ A
TR ANBE A)FER A H DNA 514 |, Hiik RCA
EATEN R L HE Syt

HDA AR 2004 4F52 H S5 HOR
ZA AR B S YR N DNA &6, F e
fiti i JT DNA R, FifiJ5 Bpl 4 A 85 1 5 it
DNA %54, /% PCR 1 72 o il 1o 5 B AF 1 o
HEAT ARV R K- REAf Yt B, SRR A R
gyt

Bl AR Im IR AR BRI 2
TR FRER M AT 02, FRE WA E 1
AN B NI 3 =R GR 1), X4
PSR S AR LB S AT FE B (R 2)

3 RPA W F

Rifi 45 I AR 4T RPA H AR SR AR A, 1%
AR N W AW R, AR5 12
W, 9 S DRUAGHIN 25 T 1) o2 FH E— 25 3, RPA
AR C BN R F 2B S E L A&
wFsE T.H.

3.1 RPA 7ERREMRHRIZET AR A

JER e P o 2 fh B0 T A 3 2 AN [
SR ARG BB, RPAH AR R A
PR S B R ST 32 O T IR P e 1Y)
Rl h . Choi 2P F 42 850 RPA flch B
FIF G 00 2 AP A i R R BRI, 2 ) B
= A R DN TR R R IR RS 1, B2
A RPA K, TIEW KIS, R ARE
o WA it £ B850 T T 5 6 43 e B 454~ S
%, WITZHE RPA UV, 7F 39 °CHY 4 4-13
HRRRRIN AN B ) H LR, JCZiEEEC DNA, 7]

frill BV TR . KRIAFFI O157:H7. Rl
MARE S 3 Fol R By iR, RN =
W BRSO E S RS 2 min idsk
1 ¥k, RPA £iARY BEFrFEHTAIE, A2 30 min
AR EE R Li P XU T R S R
DNA 1 invA £ 4T RPA S 1S, A
DNA XEEP 1 7=4), SYBR Green 15 dsDNA
gh4y I B RO TR I TR e
St A% E I U 1T FCAT A ) e P e
JE°h 5x10° CFU/mL, %5 ¥ i 2 BU% fige 5
PEATBIJE 90% 1 95%, 7E 1 h P52 RUA I o
Wang 25PN R I ER 3 T 1 L 8 4 B AR~
FEAE TR PE RPA IR, 7E 38 °CY”
# 20 min, RT-RPA X}J4[RI3F 3 Rk aE HA 4F
Sk, 5 H ARSI IR TGRS X N, DL [
3 ALY DNA AEHR, F RT-RPA 7kt
79714, RT-RPA £54 RT-PCR 12 Wibn v i HE %
H 96.2%.
3.2 RPA EEEREENFINA

RPA ARG RC. PRt . SR Bl i 4 e 4
HR R8Tz, AR I S PR R 4 ok
MO AE T o BTSRRI B R UL A SR R
TMPRSS2-ERG, 2 il 41| 48 1) 5 B 4 55 1 3
K, Koo ZEP¥A] RT-RPA 4 B i S AL Wit
b 18, 2 v % TMPRSS2-ERG 1 mRNA #4746
I, 3E 2 PR R AT SR 2 R s A e B A T
FARI ;K HEEC RNA, HR4E TMPRS2-ERG
WITRE SS9, 4k ik T RT-RPA #7314,
P AT R N, PR T ) -5 R A
Z-HPR 455 W) 2 W5 F A D0 H R
PEAT AR, 7E 650 nm AbiC FEWOG (Y, H
KAk FR >~ 10* copies/mL, H AT B4 I /K S AY
RAEE, B2 75 min, AT HALK
DU, RPA 914 7= s I Jor = B [ e, A 0 22 A
JE T o PIK3CA JE R 58 48 & 25 B i . FLIE .
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Table 2 Classification and comparison of advantages and disadvantages of various isothermal technologies

PIEER £ N7 S U B 22530k
Amplification Technical Advantages Disadvantages References
type name
EiEp A CIiI RPA W R I TCAR 2R AR AT e R SR BRI P DK USRI Wt Al [22]
Exponential APBEATRRIN s AR SO L AXRRIRBCEBRESE; 52T RE
amplification AT TOOCL T s ATRERENE . &485G, INIARRR R 1

PR R This method’s product needs to be purified

This method does not require complex  before agarose gel electrophoresis imaging;
instruments to detect, and it can detect  the nucleic acid extraction steps are
at room temperature; it is quantifiable; cumbersome; primers may bind to each
the primers’ design are simple; it can be other, resulting in nonspecific amplification
detected by fluorescence endpoint
analysis; it does not need thermal
denaturation; it has a rapid detection
and high sensitivity
NASBA T U | SRR s RONIER, IO VE OS2 3 RSN A s [23]

PIRCRR RITER AN A AL EAEAAGIN 5 X DNA J5 ¢
This method has high sensitivity and ~ JGfi#
specificity; it has a fast response and This method has complex reaction

high amplification efficiency; ithasa  components; the cost of the three enzymes
high fidelity reactions is high; it is not suitable for testing
large sample volumes; there is no advantage
to DNA virus detection
LAMP W RY IR R s RO FEStE O SIESR S AAIRRREE,  [24]

5 AN EARRIRI AR s A —, PR YIAREE
This method has high amplification AT ek
efficiency and fast response; it has a This method has high primers requirements;
strong specificity; it does not need it is easy to form aerosols and cause false
special equipment positives; and the product is not exclusive
and it cannot be used for clonal sequencing
RAA WOr R BRI RBUE . R RN S ISR BT RIBUZ IR, [17,22]
Peims ROt HA
This method’s operation steps are This method has high requirements for
simple; it has a high sensitivity and primers; nucleic acid needs to be extracted in
specificity; and it has a fast response the early stage, which is more cumbersome
SDA PIRCRR . SOt Rtk A PO PRI AR R XU, [25]
MR B HIVKINT o th U e s NI G TRk R TR
This method has a high amplification =~ This method’s products are heterogeneity;
efficiency and fast response; strong single and double-stranded products are
specificity; no special equipment is produced in the cyclic reaction, and tailing is
required easy to occur during electrophoresis; it is not
suitable for genetic engineering
HDA WIT B NAA R D) 35 s SOV AR 7R SOV AR Z RS RS2 48 [13-14]
it PRAEAL IR FriE L) 400 bp AT MY R0 1%
TEWIFR D, RIEA
(5%%)
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PR £ N7 S B 22530k

Amplification Technical Advantages Disadvantages References

type name

LRy 2k RCA

Linear Linear RCA
amplification
£k SDA
Linear SDA

USIR SDA ZIkjik

Cascade Ky 14

amplification SDA cascade
amplification

RCA KK
S

RCA cascade
amplification

This method’s reaction systems are
readily available; reaction conditions
are isothermal conditions; the steps are

simple

W5k RABRE G 5 Fr ki, Dyt
il P RERR AL nT LA T
HHM Y

This method has high sensitivity and
strong specificity, it is easy to operate;
it has a high throughput; the
amplification products can be
phosphorylated and sequenced directly

WETT R RABE G, e, BRAEf
B, RN RN BRI A

This method has high sensitivity and
specificity, it has a simple operation, it
does not need special equipment
required in the reaction process
TR 2 AR H A, R s
515 R

This method can detect multiple targets;
it requires only a single primer; it has
high specificity

WET5 ik RABE 5 st BRAEf
By ATTEASIN 2 A B AR AT7ER
Rt/

This method has high sensitivity and
specificity; it has a simple operation;

it can detect multiple targets

simultaneously; it can amplify on the chip

This method’s reaction efficiency is affected
by helicase activity; target sequences
exceeding 400 bp can significantly affect
amplification efficiency; there is little
research and immature development of this
method

T R A IA H S, RCA et [12

AR BIIRE B DNA 5 RNA 23
WEFAGT s (URT HA ARG B |
ok e G A8, IREFG A Bt

This method’s signal detection has
background problems, and background
signals will appear in unlooped locked probe
template DNA or RNA during RCA; it is
limited to the amplification of viruses,
plasmids and chromosomes with circular
structures, the probes are expensive to
synthesize

T EER PRI T SRR AR s #E DNA
FF i BB B A PR Py ]
This method’s product testing requires
special instruments; the content of target
DNA may be suppressed by unknown
inhibitors in the specimen

W BRI S s ROV A, P4 AG
T SRR AR

This method has a complex operation; it
needs more reaction time; the product’s
detection requires special instrumentation
Wr gt i b S EER e R E .
P B A iR

This method’s on-chip amplification has
more operation steps; it is expensive and

requires special instruments

J2 5B 240 PR L it s AR R R P A LR 22—
Martorell 25U H B T 2 45 T 47 189 4 ARG T 5
WH) PIK3CA BN, W& A 5 IR
DNA HAMYZEZ R FHWR), HIRZ RO
TREWTH A oA &,

Wil i, WS 0L T B P SEAZ AT ER B BT
Hi DNA SFHWF p4s & IS s s
HHRE, AR S5 FE s T
RPA P M4 IEH DNA KR, ekt sess

AP E Al R B AR R R TR, DR RPA TR SO A B
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PIPRET e, IBBISE R H Y, RPA £iR
P B AR USSR ERA R PIK3CA JE [
RAFAE— TS BV AT 58 18, X 5 728 R i Ak )
RIPERTIER] 95%, AIAE Rl B F B4k
RITHRALEE B . B RPA HR L, POE Ao KR
S, AR R RE ARG I v A L 251
3.3 RPA SHMEAREKERHA

RPA A (1% 328 3 A i 51l R F HAth
Rl B AR S G, o5 U i A0 0] ] I % ] S o
2 ¥ %)) (clustered regularly interspaced short
palindromic repeats, CRISPR) ., 1 [n] ifi I 48 5%
H A (lateral flow dipstick, LFS)HJIB4 5 R
U, BRG] TR, PR L HERRARI
3.3.1 RPA 5 CRISPR B ARHES

CRISPR ¥ ARSI 4 0k 3 & Jie (1) —F
Ti2MiHi R, RPA 5 CRISPR i REEGA] 157
PR ARSI B H B . Zhang PR R T
RT-RPA %54 CRISPR-Casl2a b €346 ) 5 75
SEEPRIE B , % T et R 0 1 L K 41 ) ORF1ab
N BRSS9 K B0k (gold
nanoparticles, AuNPs) Lt {6,524, RT-RPA 4 145
FILRNA S 15819 KB dsDNA 5] PAM J¥ 51
25 G FF R crRNA, 06 Casl2a, 7802
b, DNA JEY) B AuNPs FoKf, 8@
1k 8 A - W L W AT S 0 A IR SO 5 A DA K L
FIWEI . Zhang MG I T 25 F A
RPA/RAA BX4 CRISPR 7 AKG: 357 754 76 4R 96 14
PIWEoE, SRR ERY HE AR S CRISPR
BRI ARG I A A i R AP E s S b, AR R
TR AR S 0 T LB B 98% 1 99%, X3
B RPA H AR5 HAthAG I 7 vk A fi FH BB 4R i A
N SR B VR St ke B2 R ARSI i vk
HE A3, Xiong 2500 RPA 55 Casl2a 45546
DUAE PRI B A0 LU E R 2, O RPA R A
CRISPR/Cas12a i3 73 5l N 24 IS A 75, w5 F

SN i AT SO, AL SRS B s RPA 5
Cas12a BEFARLIZEL T crRNA AYEE SR,
(] i el 215 B 2 () R A A, A A 1) T R Az 45
SHIFER, {8 RPA HARKI B ks e . nT ek
3.3.2 RPA 5RAAEZERANEE

RPA S54RSS L RS, W
MR 3 2o 3K 40 2% 3k T PRl L o R T AR A AR
Srisrattakarn Z5P7SR ) RPA 4543 ik 4% (lateral
flow dipstick, LFD)J5 i kI i H 420 P4 Ak 4 B
#] %] K 74 (methicillin-resistant Staphylococcus
aureus, MRSA), Mg mecA IE[H k4 ik
RPA 51 F1454F, B RPA ¥ 3471 A SYBR
YURILER S I 45 5 L il 28 5 PCR EL AN 25
K I RPA-LFD ¥k W) R R s 5 1 40 1
92.1%71 100.0% . Bian %P1 % RPA-LFD %4
DU A5 BT B8 A0 B 1R 28 P R I AT B, AR P HL 3L ]
W)8; 1L ipaH BT RPA 59 A #R 4L 5
M ATTAR S ipaH JE R 11 4 FAS [ i 51 ) AR £
HE, THdkmas &g AR, MR BA T
KM T RS AR BR A 1.29%10° copies/pL.
Sun Z:B°M% RPA 5 LFD WA, ¥t — 1Mk
ACAC AT IR A B BR 2R AT B R I B
B, WIS BT s | R, e
A S . RRER VORI, EMR
ZIMADCHL PR B BFEK) | PT56mUR %
JERHM (A B S RT-RPA 473 )5 1Y
dsDNA I, 57 A Hi i = o R I e A8 2108 B
A TUGAFAE, A TR D¢ 3R Al £k
AL UL B BURIBAFAE s S5 BAREAT I R AR A
R, K Ao 2 MR ARE Sk S PCR 4T HE
B, R —Eerk e m, Ui RPA HiR 54t &
B FH AT AR Ay e ARG 0 3 S B A T B A
333 RPARARSEERZMHEANESE

RPA AR R =20 O 3ol A 1 AR S
MrhZ 2 ke, IF -5 H A4 AR BA 6 ik
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SRHLH W Asa UL RPA HEARE S famfie £h
2148 %t [pyrophosphateion (PPi)-sensing probe,
PK-probe] FH Tk I HT B b ARG 85, 7647 B btk
o 75 1Y 4 L R A A 5E e, PK-probe BKG RPA 4%
AR et 2 AR FR 4 1 160 copies/mL, %
J5 A8 RPA 434 H (97 W) )5 F5-F11 PPi RS 45
A, MR s AT DAPR G ) e R A5 R . R
HWDIAN, SR BN R A e H i, RPA &

A5 EEEINE . R RS RO Bk
fe2 kot . BRETFHL . T REBOMEIR S AL
T2 2R HAAS I 7R B Al

T RPA EAR BTG RPA 5 & 7]
TE I PR _E 5 Bh B Y2 W, RPA 5404 .
CRISPR [{IAH I E 2 N Rt s X}z POCT
BRIz —. ARSI ZFRE S (R 3),
RN R R AR

3 RPA BXEHMEARIEE ARG

Table 3 RPA integrated with other techniques for the more common sample detection

vieS BURTH LoRllrRrS AGHI 1] AGH R Fesett 2%
Classification Pathogenic bacteria Detection method Detection Limit of detection ~ Specificity References
time (min)

Bacteria Saphyl ococcus aureus RPA-LF 25 10° CFU/mL 100% [42]
\ibrio cholerae RPA-LFS 35 10 copies/uL High [43]
Pseudomonas aeruginosa RPA-LFS 40 3.05 CFU/mL 98.26%  [44]
Salmonella RPA-Casl3a 45 10% copies/uL High [45]
Listeria monocytogenes RPA-LFIA 20 9.0 CFU/mL High [46]
Mycobacterium tuberculosis AS-RPA/SYBR 20 4.0 copies/uL 98% [47]
Vibrio parahaemolyticus IMS-RPA-LF 45 10* CFU/mL 80.3% [48]
Brucella RPA-LFD 10-30 4-6 copies/mL High [49]
Cryptococcus neoformans RPA-LFS 20 1 fg/ul High [50]

Virus HBYV virus RPA-LFA - 2x10° TU/mL 88.2% [51]
HPV virus RPA-Cas13a 35 500 copies/pL High [52]
African swine fever virus RPA-Casl2a 20 2 copies/uL 100% [53]
Coronavirus RPA-CRISPR/Cas12a - 10 copies/uL 100% [54]
Monkeypox virus RPA-CRISPR/Casl2a  20-30 1 copy/uL 100% [55]

RPA-LFS

Norovirus RPA-CRISPR/Cas12a 40 9.65x107 copies/mL High [56]
Lumpy dermatosis virus RPA-CRISPR/Cas12a 15 5 copies/pL 96.3% [57]
H7N9 LFD-RPA - 32 fg 100% [58]

Parasite Schistosoma japonicum RPA-LFD 15-20 5fg 100% [59]
Plasmodium RPALF 12 10 parasites/pL 100% [60]
Trichomonas vaginalis RPA-CRISPR-Cas12a 60 1 copy/pL 100% [61]
Trichomonas vaginalis RPA-LF 25 100 fg High [62]

Others Mycoplasma pneumoniae RPA-CRISPR/Cas12a 60 2 copies/puL 100% [63]
Chlamydia trachomatis RPA-LFD 20 200 copies 100% [64]
Mycoplasma hyopneumoniae ~ RPA-LFS 20 5.0x10? fg 100% [65]

— SCHRAP ORI BT R

—: The relevant information was not found in the literature.
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4.1 RPA BIKRKRE

RPA FARNE Ny —Fba | 4 SR
Ry IGHAR , Sim IR _E AR Y B AR A L
FEHAA 3 MU (1) B2 IRE R/
PCR T BL7E R B AR il AT, OV iR A
AR BT SRS R EZA PR,
— HLICAER I R TG iE 4T 5 1 RPA FARAEH
N O W B ) VAN [ o = 9 W59 =R/ SR & 18
XPIRE R AL, #RAERIER, POCT =4S IS
FFA KR HIX, AT 22 R b DX PR /D2
T 000 PR X 4 [ B, 4 B8 RPA e A I DR Ay i
W, (2) KA A% . RPA 45 AR & K%
20-30 min, [ PCR JX W &FE7 % 1-2 h, Ma
ZEISI RPA 9718 16 .18 B HPV IIfi K FE A~ DNA,
FIFl SYBR Green I JeAt ol 7= P4 415 5, Xf
HPV ¥ 2 A I B4 2 100 copies/mL, F5H
i HPV 28R A8 X, iR %353 98.5%, 20 min
N AT ISR 25 2L . [Hitk, RPA REME A%
PRI B A, R R S e o e A
AEPRE L (3) AT S HABBARBA, HE et
REYE . Su ] RPA 5 CRISPR-Cas /M £
SRR 1) A 07 T AL ARSI 5 B e bR B, LI I
GRSV EZ 0 NEE~ 55 IE7 =1y alll 3/ S ioalll
B ALK 5 ) R A R F] 10 copies/uL, BRIE
Z 41, RPA-LF 256 905 1543 B (immunomagnetic
separation, IMS) Gl 4> ¥ (LA A ER AT, FI7E
15 min PASFEIRMZE R, X 4w (A AR B JE A
ZH G H T IR 2 A N 600 fg, H PCR AR
FERTZY 16.7 A5, R i i PRASIN 2 S HLA SEbR
B

[ RPA A7 SR FRPEFN Pk ik, i sessk,
FHIFA B IE 228 4 A7 T RPA 47404k
(1) bAoA B2 RO R A S A 3k

v, CE AR BT 55 4R35 N S R 2 1 R
VTS UL R 15 e L Li 2594 RPA I Casl2
RGEEAH-MRAE P, E— RS NATF
BRI, KRR RTE ERAEEIR, TR
20 min NSZEL MRSA 1 R] ALk . (2) HEBR
POEIFR S o A% IR B B A rh R B s SR AL 1Y
PEPAR B EL | Valasevich 227V R B 175kt —
FEAb S PR E NG RPA 2V ; Liu V& BLAE
il 1% e 22U IR 15 7 6 S0 3552 ) RPA R, 237 A=
KPRk, HBERMBEESER. Wik, o
SN A TESE B RG 77 JE I 0 2 Af H LB 5554,
SR e F A R Ik RS R AL . 3) Ak
5% Liv HPEBR—8ET . ANEBS1Y
X2 RPA FIRCRFZ /N, T [A]—47 1 X Jak
AN RIEREE X 28 5 RPA BB RZ 4K . Higgins
SRR 5| AR A ) AN DT T 235 W0 S
SRS W 2 S BUER B . Higgins 27 H
Primed RPA # '} H 3116 #% RPA 5| FERE, il
TLIU 51 e F03EA T LX) SR i e AR ST 7
G, g T RE 5 S AEY) K A8 SR Y X,
B TEAR DS | )5 TR AN I8 i i [R] A (4) I 2N
bt ol . SRR E A 58 RPA 550K
e, AR 0 RPA W AMERZ .
Wambua 7 HIERA 2445 % 4 min F-3E T RPA S
i, BEYOCESTE 5-8 min I, TCHHERYTE
BUT, YEEEHBLAIRT )& 8—14 min, FHULAT I
T8 Y B R AT 0 sy AR
4.2 5B

RPA FARVE B MR Y A, BA
P A R B . RO BRI . R R LA
ek T 26 5 PCR ERPULARE A% . BiAS =
E S BE o IZ B AR B (B AE BT B e IR 25
A R TS 75 S R AR A Rk 3 R AR 1) T A
FRTISGIIN

ZRA IR LA B N AR IR BOR B9 1
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B, RPA Kiill POCT Ak Fll 224 AR WA N 2
%H*%%R@E%%ﬁmoﬂmT%mﬁ%
AT B AR A GEA T Z ) TRAL R, FESRAE

IA%EHT& TR AT, PR IE A BRI 4R
SR 0 LA 37 280 e bR g e SR e Py 0 A A 5

PRi® s SC, POCT LA I AT DAys /b R SR B 4%
MR P EUW AR R R, R B R fih sk
i, Jihh, SimR B AR R S5 G
ARSI B R, LR A AT E (A, A
I B SRIE /4 3G 12 Wy B G T R
i, Al — RO 10%10% A BT B S0 75

YL AAEATS Ak, RPA $AR M 564
CRISPR/Casl12a. APHF Z»#riN 4 )7 bt 4l

R, B A I R AR R S TS

Z: FFTIR, RPA J24% PCR J5 A B s2
EHHEAR . h TSR RN B, FEifT
R IIRZR , (5 Bl X RPA AR BIIR AFSE,
DLSEIRAZ R4 38 4 A SERE B2 W7 7 S AN W
PiFFH, RPA K EHE A CMERMMER, H= i
BN iz s FH S H R RIS, RSP
A H TRk
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