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Abstract |

RPA (Recombinase Polymerase Amplification) is a rapid, specific DNA-amplification method under
isothermal condition. Recently, RPA was variously applied to detect specific pathogens using
amplification of specific nucleotide sequence from specific pathogen. In this study, it was found
that specific DNA amplification using RPA is significantly different than specific DNA amplification
using PCR, during application of RPA to detect specific pathogens in honeybee. DNA-quantity of
specific DNA amplification using RPA is more rapidly increased than DNA-quantity using PCR
under same condition of time. However, it was estimated that quantity of specific nucleotide
sequence among DNA ampilification using RPA was very lower than quantity of specific nucleotide
sequence using PCR. In specific amplification using RPA with target template, specific DNA and
also significant quantity of unspecific DNAs were produced. In addition, it was also found that
quantity of unspecific DNAs is increased in specific amplification using RPA without target
template. For the RPA-application to detect specific pathogens, it should be overcome that
unspecific DNAs are mass-produced by specific amplification using RPA.
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Az aa-=3ta 4 = Z Y (Recombinase
Polymerase Amplification; RPA)+= B1H]| 2] 2 1} 2] T4 A
2 AaAE o]g3ko] DNA o579 =] & 4o
7]3L &4

S} 57 DNAS 5 59] Ui 1D HoIch ol PCRe)
739} o] A 7] A (target template) 1} 3+ 449

primer (oligonucleotide) S AF-8-5lo] E4 ¢ 7|4 <9
DNAS %2417 4 9o, PCRe] 790} e a4
£ (37°042°0)2] WOlof A B2z 0w ZERS
S do7 4 Q)= A o] Q) th(Piepenburg et al., 2006).
& 2] RPA= uH uu].eﬂl ZZINES u]—E 2= 9l
= wEgon, o] 5 L2 B H3
B0} So| §47 2L Beh 54 WA 7
ol thetall RPAZE 885171 stk =,
221 Plasmodium falciparum-2 AT O 2 7))
RPA7ZEH-2 255 o nested PCRY} =3t H=
AL K o) O m(Kersting et al., 2014b), 71 2] 9]
HAA AEollA 205 W RPAS F3+e] 10" H41<]
DNA, 1057} E-2}2] mRNA 12| 3 100fg2] $-&
genomic DNAO A Z+F A A&E0| 7153 2o
F S cH(EBuler et al., 2012; Euler ef al., 2013; Boyle er al.,
2013).

i
i

e e o
rJB ¥ _IZ

T B WUNES AR RPAS 4 g
shol A= AEMS At nAFH Aol A
RPA®] o] $ZAHEL PCRO] S HAHE 3k 27
CF2 S48 7HAtHs Aol lAlE gl o, 55 RPA
o O3t FEAEEL ol7h2 o2 175 I
3 BAo| A el 7} Wk F @] B4
Al 18] 31 DNA-chip& A}-&3%F DNA:DNA =4 3}

Table 1. Recombinant DNA clones for RPA and PCR

(hybridization) 4 o] 4] PCRo| o]5}of A Abel Zhe-
71 S 7H DNA S-3&4ba 3 2fo] & 1.9l vl Q)
thYl 5,2016; & %5,2016).

whebA] 2 5= RPA E+= PCRO]| oJsf Atd 5
ZAEE0] 7 EAS Wt AWsHA EAE)] HIlR
sklom, 74 539 A2 (accuracy) i} E0]/4d
(specificity)5 S8 2.2 SAS 4] v S shalx}
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o] Al 20164 77]0) QpEgoRIE 4
Aok o5 —T0Col A W] Aol Al
S5t B2 5 E Genomic DNA Patho Gene-

spin™ DNA/RNA Extraction kit (Intron, Korea) S A|-8-5}
of el Al EE A e w2
7] 2024 e 2 ARSIt
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DNA-spin™ Plasmid DNA purification kitS A}-8-3}o
19171, —20°C HTHS}H Al25HS CHTable
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1).
RPA (Recombinase Polymerase
Amplification)

AHE-E A 23} DNAL: pBX-SBV3¢} pDrive-EFBO|
], RPAQ} PCROJ| A 7+ 2.45 % 10® copies, 2.10 x 10®

Pathogens Name of clone GenBank accession no. Reference
SBV pBX-SBV3 AF092924 Nguyen et al., 2008
Melissococcus plutonius pDrive-EFB X75751 Ha et al., 2005

Table 2. Origins and names of primer sets for RPA and PCR

Pathogens Name of clone GenBank accession no. Reference
SBV SB-PCR-F1/R1 AF092924 Wang et al., 2016
Melissococcus plutonius EFB-PCR-F1/R1 X75751 Wang et al., 2016
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zo2 Argstgct 2 W ag e Eol
primer= i AL, 2F 52 048uM= 24
5}o] AF8-519 th(Table 2; Bionics, Korea).

AAITERPA HH35 RUE P37 95t 2F &
I 1XSyBr green I (Sigma-Aldrich)& AR&-3}%1 01,
DNA-chipol| 2}-8-5}7] 93t RPAS] = 2+ 3 QAo &
SERE

copiesE 7| &=

9 primer 2]o]| hybridization 3 A] A} primer
(HC primer, Hybridization control) & Z|Z5 %= 001uM
752 A7

RPA &= TwistAmp Basic “Improved Formulation”
(TwistDx, United Kingdom)2 A8} 0. A 2}2}-2]
A A of] whe} =28 3F AL <5, WA ZFRPA
& Primer free rehydration buffer 29.5ul, 280mM
25uE FHIskL 4 Ax
pelleto]] magnesium acetate S A 2]8F RPAZA] S-S
937 pellet-2- &4 5] =291 3 02ml white tube 2 $7] 31
25ul 280mM magnesium acetate S F-7}5}¢] RPAE- A
ZF51 ATt 22 volume-2 50ul©] 1 th RPAE= 37°C 5
20 82 907t Rysklal, -2 4 9| DNA F3%<
423 3}= PCRY} 4]& H| L E 9|5} o, Exicycler™
Quantitative Thermal Block (Bioneer, Korea)2- AF-8-5} a1
302E 1 cycle= A5l RPAS] HAIZE T3 4
= e Hste HYE ] kA

o]E Ok

)

magnesium acetate+

RPA A2t B3 H|ZE 9/8 PCR

QESJRPAR} ZHE 2o &2
2g)at7] 93he] 3L pBX-SBV3Z primer 42
SBV—DC-FI/RIE- AFE-5} O 1] RPAQ} ZHo] 245 X

BRI F9 02 ALEERT 2 pimere] H% 3
=1 048uMo] ¢tk ©F RPAS] 7 H}#V] xapo
s0ul0] ok, PCRO| 79 20ul & v-2-o 283}
CL A 48 G Ak R o PORS) A2

HES A17 105, 208, 402, 00320] Z17] 3-8 )]
7 MAsto] zk7) BRslgT) ZF Wk A7 105,20
5, 404, 9022 PCRO| A9 ¥4, &4, 589 15
42 shArsH ZF 18384, 5334, 12434, 303]
ofl st

RPA 9] 742 2.5ul 280mM magnesium acetate S 3 7}

2 90+ 303] 4 ¢ PCR=

;Rr

Sh= Al AR AlZF o 2 5]l o PCRE] -5 =
7] HA] 94°CE A|AFO 2 Q0B 7R 2 3} 9 T). Real-
Time PCR mix+= 2 X Greenstar master mix solution
(Bioneer, Korea)= AF2-5}41 11, PCR7]7]+= RPAR}
o] ExicyclerTM Quantitative Thermal Block (Bioneer,
Korea)S AF83}99ch PCR WS 2742 %x7] HA
94°C 55 & WA 94°C, =31 52°C, A1 A+ 72°C 9] 18] 4
= 303] REsto] 90-ofl o] 24| 3F AL RPA= 37°C
TEOR R sk

RPAAMZ I PCRAZO EM2S Q{5 MA[ZE
7 PCR

W] Z} 33 plasmid DNAS 245X 10242 7] &
o2 1104 A% s]43to] A7F PCRO| FYP L= A
&5kl om 7+ 25 FAol| T2t Cr (Threshold cycles)
e ko] AR 7= o= ARSI

AeF PCROJ A AFLE 7+ A2 A5} 13}) 5l
RPA 2] AHE 1 PCRAMHE S-S 7}7] 1:10%, 1:10°, 1:10°=
347t Aol Lo, o 7| E 0.2 2H)E Gt 9
Hulo] 2As e 27] R, =5 27157 0] BA5
£ Aukstact.

J % PCROJ A = 7} 50 primerd5-2 2t 2S5 =
048uME 31901, o] RPAS] 2.9} 21 2] A|7]7
QJsto| gt A A]7F PCR mix+= 2 X Greenstar master
1 PCR7]7]=
3} Exicycler™

mix solution (Bioneer, Korea) & AR5}
RPAS] 2o A A&
Thermal Block (Bioneer, Korea)2 AF8-5}9iTH PCR %=
A& oarCo A 27) WA SRS Aashgl, uco
A HA 102, 52°Col| A &4 10%, 72°Coll A =& 10
2:2308] W=}k

Quantitative

RPAS} PCR AHE-S0] A8 WS Ak o 4o
2 saE|glon], A4kE 7} Bajo) $50) Brwa

£ okt
RPA % PCRAHEYIM F DNAYQ £% R E0|&
(Ratio of specificity)2] At

Z}F RPAS} PCROJ| 4] SBV £ primer %91 SB-PCR-
FIR10|| &gk SBVESo] &4z o] o] 236bpo]
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1, 0]9] 10x 10" 22}2] F A= 2.56ng © 2 A AH=] 9]
o}.

7} RPA 3 PCR 8942 517 2] 5 7|4
= AlASEA ™ oF&5hH, DNAG-g-fof
soem 2oA7] AES YL, 1877
13000rpm©. = 4] 2|5}

4% o DNAS 9w 353
phenol/chloroform/isoamyl alcohol (25/24/1, v/v/v)
1R7E 7451 EE F 13000pmo 2 45t
SHrh. kAl 45 2] DNAG-OTHS 31551
chloroform/Isoamyl alcohol (24/1, viv)2 Y1l
S £E 5 13000pmo 2 4552 Bels
o] DNA 912 814, AHg3hiet

Phenol %] 2] ¢F DNA-8- & 2=k 9] chloroform=-
A7) f18to] olle-2 IS =aYshalon, of=
3}tH, DNA-8-9 o] 3M Na-acetate (pH 52)& 7}5}o]
Z 55=7103Mo| A 3}aL, 0] 9] 248 9F9] 0°C 100%
ethanol-2- g o] E313E 5, —70°Cof| 1A[ZF H A 7] 1L,
15000mpm, 4°C, 155:0] €141 52]2 A7 DNAZ 34
AT A5 e A7 8k, 4 E DNAS Tmil, 0°C,
70% ethanol-2- g o] A| 2] gtF 5, t}A] 15000rpm, 4°C, 15
0] 42 DNAS A A A3} 8143hgict.
o] I ¥ DNAE 2% TE-buffero] 5of L,
MaestroNano™ Spectrophotometer (MaestroGen, USA)E-
AF310] 0Dy 9] BF54 02 5 DNA AHE 2] o
= SABFATHS0ng/ul, OD,s=10 7]<%).

37, 5 DNAAHE % SBV 5o| ZZAHz| o

}7] ¢15}e] RPA = PCRo| /3t % DNAS
7| 10812 34 5}0] 7} 514 % SBV Eo
o] #AE Sk, o] & FAG =
AFSFA T ZF RPAS] Eo] &= (Ratio of specificity)+=
100x SBV 50| F-24H=2] Hng)/ & DNA 42| &
(ng) 0 2 AAISIS 0o, HEIF %91 g3
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Eo| PCRAZE1 RPALHZE2| DNA chip H &

PCRAHE-2- 2001 ©] ¥H-3-08 7 L2 RPA AHE-E 50yl
of| A 20w+ 0.2ml white tubeo]] £-5=3}¢] DNA-chip
5} hybridization]) A}-8-5} %10} DNA AHE-2- 95°Co] 4

=7+ A5k} DNAQ] o] F7tg2 WA <,
S8°CoOll M 2417F EX 1247 BHHAA 115 A58
DNA-chip(Wang ef al., 2016)7}+ 300rpme] 21 a}o] A]
hybridizationS 3 5FA T} o] 0] A IA2 4%
SSC (Saline sodium citrate) buffer, 0.2 X SSC buffer,
distilled water <=©_ 2 300rppm2] 25 3}of| A Z+ 554
7123} 3L, DNA-chip £H-2 H2A]7]7] §f319q,
LightCycler® 480 Multi-well-plate 96 white (Roche,
Korea)E AH-8-5Fo] 3,500rpm, 242 7+ 42253t
Hybridization} =A| of] A}-8-F %15 §-27]+= Thermo-
mixer comfort (Eppendorf, Germany)©] 1 t}.

Hybridization 2 7}2] 3 7}= K-SCAN-CAP™ (K-
MAC, Koreay& AHg-5Ho] 1A g2 2, 253
o, o] YA 7]HEO 2 Z} spot2] SBR (Spot/Back-

ground ratio)ZH-S AF&38} 11, 0] S v al . A5

=FEgn
RPA % PCR HF 29 F%

EH /g vlo|H AQ1 Fa-goHR iy vhol A
o] Eo] 714 <gL EA|3t pBX-SBV3 Ing(245 x 10°
A TR &2 ARSI, Bl 5o primer <1
SB-PCR-FI/R1E 048uMA}-&-3F RPAO A= & 90&
o] RES 5 1,69 x 101 E2K50ul) 7} EA)8H= A o2
SAE QU o] ulg 338 x 107 EALZ ALtE ), =
712 Q245 X 10°E-2h 1} H] a3} H, RPAC] 2]3}o]
6.90 X 10°8}) Z-Z 71 0 & AlAHE chFig. 1).

b -2 33 1 primer A3 AHE-SF 9042303 K1)
PCR] 7%, 120 x 10 E2}20ul)7} ZA)5}= Aoz
A= 9t} o] W 600 x 1022 AlAE ), 2
7|53 7245 x 10° 5 2h 2} v L8, 305] 4 PCRO
o]ake] 490 x 1074 F-E¥ 7] © = AlAHE chFig. 2).

o] A3}=RPA°| &3t 50| DNAS| FZ g v}7} of
LA A= B 4= 9l 91, RPALFPCRE| HE-g-
N F o9 Fu] T DNA S22 217} 28) o] 4
3k ZS UEREE o w, PCRE| 79 RPAS} W&
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Specific molecules according to time of RPA

14.00 -
13.00 1
12.00
11.00 4
10.00
9.00 1
8.00 1
7.00 1
6.00 -

SBV-Specific molecules (log)

20min 40min 90min

Reaction time

Omin 10min

Fig. 1. Quantitative analysis of SBV-specific RPA according to
reaction time. Template used 2.45 < 10® copies of pBX-
SBV3 in RPA. Final primer concentration was each 0.48?M
SB-PCR-F1 or SB-PCR-R1. Product of PRA was diluted
serially with ddH2O to confirm quantitative analysis using
qPCR. Specific amplified RPA product quantified 1.81 X
10", 7.07 X 10", 1.64 X 10", and 3.38 X 10'> molecules of
specific DNAs/ul of each RPA (50ul) in 10 min, 20 min, 40
min and 90 min-long incubations, respectively.

Specific molecules according to time of Real-Time PCR
14.00 7
13.00 1
12.00 A
11.00 1
10.00 1

9.00 1
8.00 1
7.00

SBV-Specific molecules (log)

20min 40min 90min

Reaction time

Omin 10min

Fig. 2. Quantitative analysis of SBV-specific PCR according to
reaction time (cycles). Template used 2.45 < 10® copies of
pBX-SBV3 in Real-Time PCR. Final primer concentration
was each 0.48uM in SB-PCR-F1 and SB-PCR-R1. Products
of Real-Time PCR was diluted serially with ddH20 to
confirm quantitative analysis using qPCR. Specific PCR
products were calculated as 1.55 % 107 molecules (10 min;
1.8 cycles), 4.03 X 10® molecules (20 min; 5.3 cycles), 2.17 X
10'° molecules (40 min; 12.4 cycles) and 6.00 X 102
molecules (90 min; 30 cycles) per ul of each PCR (20ul),
respectively.

95}te] 303 A(90E) 0.2 A3+ AL 7Holslo]of
3 Aol

e

$ AZH RPA M9 FESA

pBX-SBV3 Ing(245 x 10°22})& F3 0 2 A}-83}
11, 3t E-o] primer %21 SB-PCRFIRIE ZE5:
048uM= ARE-$F RPAE, & 109] RPASA] ww

Ratios of Specificities from RPAs
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Fig. 3. SBV-specific molecules among total amplified DNAs
according to time of RPA. Using quantitative PCR, numbers
of SBV-specific molecules were calculated. Initial template
was used 245> 10® molecules of pBX-SBV3 in each RPA.
Total amplified DNAs of RPA were separately calculated
based on Optical Density on 260 nm and size of SBV-
specific amplicon. The ratio of specificity was calculated
simply 100x specific molecules/total DNA molecules (even
size) by OD,4,. The radios were 4.44%, 16.23%, 34.54%,
74.65% in 10 min, 20 min, 40 min and 90 min of RPAs,
respectively.

181 x10"E2}9] Eo]dd7| A Qo] EA)eh= Ao 2
] 9101, o]4= Z A RPASOul)] 905 x 1084}
A5t o2 27| 23 ko) gju]slH 369 10°
ZE A0 & A= ST
205-9] RPAO| A ulg 707 x 10" E2}2] Eo|y
7] H dol ZA =M, o= A RPAGSOu)]| 3.54 X
10°E2}7F 2813, 015 27] 8ol tju|ahd
144x10°8) Z25 2 o2 AXbE . F 4089
RPAO| A ulw 1.64 x 107 5210] Bolgd7| A do] &
=1, o]i= XA RPAGSOul)o] 820 x 108247} &
A3taL, o] S 27| FF ol thu|shd 335 % 10°H] &
ZH Aoz ALtE ot F 9089 W0l A ul%
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4 He] Sl th(Fig. 1).
o] RPA SZ/& £4517] flste] 1hets] 413t
G T2 AL B 27 S el i
L 3690H)/50 2 e u)

uhgo] e B 98-8 2 4 9l9leh. 1

o,

PN

7}
HH

01N r

N o,
5
1

ri
E
e
>

=
ot
oN Mr
I

i & Ho o g
ol &= oo peoHo
(@]
5hs
o
o
8
M
X
N
1o
Ehs
ofl
olN
1
£
3
rir
(@]
3
=3

)
=
oy
B
N
i
m
L
o
o
M
uirl
i
=
o|N
1
=
P



46 Z1x0] .

ZEel - 2AEl - TaiATruong - &X|3| - 0[RS - B

Table 3. Comparison of specificity and final amplification quantity between SBV specific RPA

ifi i i Specific Concentratlon Concentration Ratio of
Alelfled Incu'batlon Dilution Estimated pf) icon from qPCR data  from OD,4, sdpecificity
using time Cts (Molecules) (ng/ul) (ng/ul) (%)
1:10* 16.08
10 min 1:10° 20.05 1.81x 10" 4621 1073.73 444+0235
1:10° 23.89
1:10* 14.59
20 min 1:10° 18.67 7.07 %101 180.18 1229.70 16231643
RPA 1:10° 22.29
1:10* 12.88
40 min 1:10° 16.77 1.64 10" 41842 1260.92 34.55+551
1:10° 20.38
1:10* 1242
90 min 1:10° 15.19 3.38x10" 860.78 1158.97 74.651+2.66
1:10° 18.97
O] Zraai= 204 o] % A0R7HA| B FE =71 0.12 O EA7F S E W, o= A PCR20ul)of| 1.20 x
W 40 o F VRPN B ZEulSL 0042 A 10“EAT} EA}L, o F 27] o] dulshyl
Aol e ASAOR S GABE B AT 490X 10 3 S0 AN FiE D)
o[- RPA ¥FS-420) QS HolFk 402 27] o] PCRe| of3t Bo] @7]4a9 FHPAS 7
1082} ReA) o %%‘1?%01 SHERLOFEF 8] A B SEueR A4tste] tehyw 27]
< =4 FFol gt 7] 1087 PCR- 0.13ul/+-0] %)

£-9} Z+o] pBX-SBV3 Ing(245 x 10852}
= —;—35]_‘% ALE-31a1, 5 E 0| primer 42l SB-
PCR-FI/R1E 048uM= AF2-3}F PCROJ A & 1059
PCR(1.83] &)l A g 155 X 10"22}2] Eo]d 7] A
o] EAst= A2 SHEHUOH, o= A
PCRQ20ul)®]| 3.10 X 10852} 7} 278}, o] & 27] &
ol thvlshd 1278 S7He A o2 A= Sl
Z 205-9] PCR(533) A)-& w403 x 108 82}2] &
o7l Gl A= AL R ZH R, o= HA
PCRQ20ul)e]] 806 X 10° 8247} ZA)}a1, o] & 7] =
Fgol thrlshH 329uf S35 Aoz ALEAT
Z 405-0] PCR(1243) )2 wl 2.17 x 1005 7}o] &
old7IAdol S =, ol= ZA| PCRQOul)®] 4.34
x 10" 227 248}, o] F Z7] FP ol tiu|s)
H 17708 S35 Ao &2 AAE Yot F 90+ 2]
PCR(303] %) ulg 6.00 X 102 E2}2] Eo]H7| A

O} 108 0] 208717] B Z 4= 2604, 208
o] 5 40 7HA] HF F 4 2,604, 405 0] F 90
7HA) B Eu4 27088002 F23] F7Hoke
& % 4= 9l o]= PCRe] oJ3t HE 542 43}
3] ol 2 0.2, Wk AIZHE T PCR 31859] Z7}

of o3t Bolg71 M de] F|ohFan FES HelE

HES AIZHE RPA| 9ofl 4AIE 3 DNA ME 5
So| FEAZY bl

/ OE e
o7 AL35}9 3, SBV £0] primer <] SB-PCR-
FIRIS AH§3 Zlo|th. ufebi] SBVE o] 5 E 415 0]
o]t 236bpol ], o] 9 10X 1073 249 T A =
256020, A4 ik,
7k RPAGOLE 35X e S A
.0, o & YA A7 ¥4 -5 DNATH
& 814531, 0Dy ] H3}5 4 0.2 % DNA AHE<]
FS 273 ArHS0ng/ul, OD=10 715). 34l %
AHE % SBY Eo| SEAEO| o8 2457 9

ofs
-



Ratios of Specificities from Real-Time PCRs

100 +
90 -
80 -

60 -
50 -
40 -
30 4

Ratio of Specificity (%)
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Reaction time

Fig. 4. SBV-specific molecules among total amplified DNAs
according to time of PCR. Using quantitative PCR, numbers
of SBV-specific molecules were calculated. Initial template
was used 245 10° molecules of pBX-SBV3 in each PCR.
Total amplified DNAs of PCR were separately calculated
based on Optical Density on 260 nm and size of SBV-
specific amplicon. The ratio of specificity was calculated
simply 100x specific molecules/total DNA molecules (even
size) by OD,4y. The radios were 0.00%, 0.12%, 3.32%,
1,044.17% in 10 min, 20 min, 40 min and 90 min of PCRs,
respectively.
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Table 4. Comparison of specificity and final amplification quantity between SBV specific PCR
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