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Rice bacterial leaf blight (BLB) by Xanthomonas oryzae pv. oryzae (Xoo) is considered to be one of the major
rice diseases steadily occurring around the rice-producing countries. In this study, we developed a recombi-
nase polymerase amplification (RPA) assay for the rapid, convenient and specific diagnosis of Xoo by targeting
Xoo-specific transposase A gene. As the target gene can be amplified in 10 min without DNA extraction pro-
cess and special equipment for temperature control, RPA for BLB can be useful and practical component for

on-site diagnosis.
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RG] o= R A= I iy /\1]-71‘ Xanthomonas oryzae
pv. oryzae (Xoo)ol| £]3f %3} Ho] 8 1 5 3= (Mew,
1987), $-2|UetE B2 ¥ £ xﬂuﬂx]oL | Q& g, Ya
g, ), =y Ao} FollA WSt wE oL qlrHMew,
1989; Mizukamid@} Wkimoto, 1969). $1&] AAAY 7%, =&
SO & st =R R HjFoly FFE Al Po] F
75 (Mizukami2}t Wkimoto, 1969), $-2]uta}oll = A3l
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ok A3t it A o] MY AHAH e 2 G UkCho,
1978; Lee, 1975; Yun -5, 1985). ZHEH v= YutE S4bol Y
EhLt, A9 910 sekA mhemA WAle] Bk uet 1A
5o} % A% 244 B3 w7k AP = FekChoi 3,
1967). 909] =0l Yitol FAsto] FAAL ] o]
= AdlstEz, FAHY F5E0] AstEol & o] A
3la w|&o| A3}etcHEzuka®} Kaku, 2000; Ou 1985; Rao2}
Kauffman, 1977; Reddy &, 1979; Shin 5, 1992).

dubzo 2 B 2dutER o primerE ©|-&3 PCRHY
(Shim &, 2012)2. 2 8 sAu}lSHL A&3FAL, real-time
PCRYC. 2 F A&7} Wx=42 319 0LHNoh 5, 2013) o]
W2 AR} FEof 2-3X|7Fo] A& Q2 F|H thermal cyclertt
real-time PCR 52 1 7H| S dQ 2 3t} S22 W = 5}
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12l recombinase polymerase amplification (RPA)= -S4 A}
ZZ A QA7ro] 5208 AT & A&ahT 35-42°CE] H| A
Aol B2zl P3SHEE U | glo] A28 o]
B R 3L
& Aol e A Sl
o

3jLiel RPAS 0} 83

= &

NEHE. 2 Aol A8 Hansyze 394
el oA AR et 7t ol ERF
HBO01013 strain (K1 race, KACC21802), HB01014 strain (K2 race,
KACC17860), HB01015 strain (K3 race, KACC21803), HB01009
strain (K3a race, KACC16182)2] 420 2 HEZ-24)Q] ¥ 5
- Al RAA R S7PE 2HE7| 279 s A sl
A 22 2Y531(-80°C)9f glycerol stocko. 2 H3¥si I g

A wjopako] 1 %, gONA 3% 52 SFstgon, Ak 5
Table 1. Identities of transposase A gene in Xoo used in this study
Strain Race location of transposase A GenBank no. Identities to KACC 10331 (%)
KACC 10331 - 46,296-46,826 AE013598.1 -
HB01013 K1 3,225,263-3,224,733 CP049205.1 100
HB01014 K2 2,331,688-2,331,158 CP050113.1 100
HB01015 K3 2,634,260-2,633,730 CP050114.1 100
HB01009 K3a 1,842,705-1,843,235 CP050115.1 100

Xoo, Xanthomonas oryzae pv. oryzae.
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ATGTGGATCGGCGAACCACAGGTCGATGTTGAGCCGCTTCATCAGCTCTG
ATGTGGATCGGCGAACCACAGGTCGATGTTGAGCCGCTTCATCAGCTCTG
Kok ok kK sk ok ok ok ok k& ko ok ok ok ok ok ko ok ok ok ok ok ok ok ok ok ok ok ok ko ok ok ok ok ok ok ok ok ok ok kK ok ok ok
GATAACACGTCATCTCGGTTCCACGGTCATAGGTGAGGCTTCCCAGCAGG
GATAACACGTCATCTCGGTTCCACGGTCATAGGTGAGGCTTCCCAGCAGG
Kok ok k& ok ok ok kK ok ok o ok ok ok ok ok ko ok ok ok ok ok ok o ok ok ok ok ok kK ok kK ok ok ok ok ok kK ok ok ok
CAATGCGGCAGCTTCTTCATCTGTCGCGTGAAGCCCTCCAGCGCATCCTG
AAATGCGGCAGCTTCTTCATCTGTCGTGTGAAGCCCTCCAGCGCATGCTG

Kok ok kA kkhkhkkkkkkkhkhkkkkkkhkhk hhkkhkhkxkkhkhhkkkkkkkkx &k ok
TGGAGTACAGCCATCCATCTTGCACAGCACCACAAAGCGCGTCTTTCGCT
TGCAGTACAGCCATCCATCTTGCACAGCACCACGAAGCGCGTCTTTCGCT
kok kkkkkkkkkkkkkkhkkkkkkkkkkkokkkkk ok okkkkk ok ok ok ok k& &k %
CCACCAGCGTGCCTACGCACGAGCGGTTGAAAGCCCCTTTGATCAGGTCG
CCACCAGCGTGCCTACGCACGAGCGGTTGAAAGCCCCTTTGATCAGGTCG
Kok ok k ok ko ok ok ok ok ok ok ok ok ok ok ok ko ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok
CCTTCCCAGTGCCCAGGAATCAAGCGCTGCGCCACCTCTTCAGGCCGATG
CCTTCCCAGTGCCCAGAAATCAAGCGCTGTGCCACCTCTTCAGGCCGATG
Kk khkkkkkhk kA xkkkk Kk kkkhkkkkok Kk ok &k ok ok ok ok k& & ok ok ok ok k& ok ok ok
GACGATACGCAGCTCCTCCGGCACCCACGTGCGCTTGGCAGCGGTCGTAC
GACGATACGCAGCTCCTCCGCCACCCACGTGCGCCTGGCAGCGGTCGTAC
hokkkkkhkkkkrkhkhhkhkhkhkk hhkkrrhhkhkhhkk  Kkokkkkkkokkkkkkk*
GGCGCAAGCCGCGCGTCGGCTTGTGCTGACGAAGCGCTTCCACGAGCTCC
GGCGCAAGCCGCGCGTCGGCTTGTGCTGACCAAGCGCTTTCG---ACGCC
hhkkkkkkkhkkkkkkhkhkhkhkkkkhkkkkkhkk *kkkkkrx * * kK
TTCTTCAAACCACCACGCGGATGCGTGTAGATAGCGGTGTAGATTGTTTC
ATCAGCAAGCCCCAGCGTAG————==——————=——————————————————

* % *k*k K*k X * % *

GTGGCTCACGCGTTGACTTGGATCATCCGGATGCATGGCCTTGAGCTTGG

Fig. 1. Sequence alignment of transposase A and 1S30 family transposase by CLUSTALW. Transposase A sequence from Xanthomonas ory-
zae pv. oryzae (Xoo) KACC 10331 strain (GenBank no. AE013598.1); 1S30 family transposase sequence from Xoo MAI73 strain (GenBank no.

CP019086.1).
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o]/d ghlofl AL-g-3t Al k58w (Burkholderia glumae)
2 SPAFAs oA ¥ A AHg-Ste tEFFR GR6
strain ©. = vt gDNA F=Zofl AF--5}H3Th:

SEFTX MEH| . 7]E © utEH 2 primerd]
B R G AR} & 32l transposase A (Shim 5, 2012)9] &k
NGt AP ER T 459 G714 L v)wstol
transposase A 3%} A/ Eo] 57) strain oA FYUSS &
Q15193 2.5 (Table 1), £E0]4 &<l 93} Nucleotide Blast
(Basic Local Alignment Search Tool) (Altschul 5, 1990)& 4=
W3 A3t GenBankoll S5 th R MAYTLEHF 71
of =& A=AL2 Holu} UE strain (MAI73 strain, GenBank
sequence ID: CP019086.1 5)2] 1S30 family transposase 3%
Apehe 5 QRO ARE AR5 Ao] Sl 2 SHIstATkFig.
1). =3t XooS A 2]gt Xanthomonasss LEo|A GAHdo] U
Ehtort o 5L B WPl OB R o Faj ZEAAA
transposase A2] ZE0]4)-2 321519 tH(Table 2).

i

O

o

Primer M|Zf. RPA& FZ primerE A4tst7] 93] trans-
posase A 3R} G7| A E-S PrimedRPA program (TwistDx,
Ltd., Cambridge, UK) (Higgins 5, 2019)0]] Z-&35}o] S 1
primer A/ 9E-& ¥ ¥ transposase A -2} SFF-Eof 2
st ol 5F7] 200 bp2] primer setE A5} o™
(Table 3), 7]& Rk primer set (XOT-F/-R) (Shim %, 2012) 2t}

T %l =
FEolyo] 52 G/INYS 3% BE 2 5H RPA primer set

Table 2. Nucleotide Blast result of transposase A gene excluding Xoo

(BLB_RPA_F/_R)9] transposase A A3+ X]+= Fig. 2} Zth 4
A} ZZ 9] 7| L] thgt Nucleotide Blast (Altschul <,
1990) 23t A71AF Blaof] A&t 55 & 33t th =9
Xoo Aol A 3 copy= EAZS Skt

|

Xooo| gDNA £&. YA ] AUt hER
F 4ol f24 F B0 7902 AT gDNAZ 323}
ATk nutrient broth ¥l %] 5 mlof 28°C, 150 rpm XL 2 16
AZE ARl et S YAEE] sk 483t 5 Blood & Cell
Culture DNA Mini Kit (Qiagen, Hilden, Germany) 2 A| ZA} |j
ol w2t AL-g-5te] gDNAS 553t 5 BioDrop Duo (Bio-
chrome, Cambridge, UK)2 =& S43}th

RPA =M 2l HFZ2, RPA= TwistAmp Basic Kit (TwistDx
Ltd) 2 A|2AL vl gl whet §h-8-2 =38t it 7hds] A
31, 10 uM primer Z¥2ZF 2.4 ul, primer free rehydration buf-
fer 29.5 pl, template (gDNA) 3.2 ul, distilled water 10 ul& =
ghsto] F 47.5 ple] BH-3--S hEo] tube HFEE] reaction
pelleta} 2 42 2 280 mM magnesium acetate (MgOAc) 2.5
uE F71ste] A A% 39°Co|A] 5827t vh-g-5kqint vk
T fAE = A Ao whE AR gl AlQjsiale 2
I thermal cycler (C1000 touch, Bio-Rad, Hercules, CA, USA)

£ AHgstsict

Species Gene Gen Bank no. Cover (%) Identities (%) Host
X. vasicola strain NCPPB 902 Oligopeptidase A CP034657.1 99 91.48 -
(15 bp deletion)
X. v. pv. vasculorum strain Xv1601 Oligopeptidase A CP025272.1 99 91.29 Corn
(17 bp deletion)
X.v. pv. vasculorum strain SAM119 Oligopeptidase A CP028127.1 99 91.29 Corn
(17 bp deletion)
X.v. pv. arecae strain NCPPB 2649 Oligopeptidase A CP034653.1 100 90.96 Areca nut
(17 bp deletion)
X. campestris pv. musacearum NCPPB 4379 Oligopeptidase A CP034655.1 99 91.29 Banana
(15 bp deletion)
Xoo, Xanthomonas oryzae pv. oryzae.
Table 3. RPA primer set for Xoo detection
Primer name Sequence (5’-3) Size (bp) Tm (°C) GC (%) Size (bp)
BLB_RPA_F CTTGATTCCTGGGCACTGGGAAGGCGACCTGA 32 73 594
200
BLB_RPA_R GGTCATAGGTGAGGCTTCCCAGCAGGCAATGC 32 72 594

RPA, recombinase polymerase amplification; Xoo, Xanthomonas oryzae pv. oryzae.
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Start codon

46296 ATGTGGATCGGCGAACCACAGGTCGATGTTGAGCCGCTTCATCAGCTCTGGATAACACGT 46355

46356 CATCTCGGTTCCACGE TAGG

AGCAGGCAATGCGGCAGCTTCTTCAT 46415

e
46416 CTGTCGCGTGAAGCCCTCCAGCGCATCCTGTGGAGTACAGCCATCCATCTTGCACAGCAC 46475

46536 CACAAAGCGCGTCTTTCGCTCCACCAGCGTGCCTACGCACGAGCGGTTGAAAGCCCCTTT 46535

46536 GATCAGGTCGCCTTCCCAGTGCCCAGGAATCAAGCGCTGCGCCACCTCTTCAGGCCGATG 46595
«~ BLB RPA R

46596 GACGATACGCAGCTCCTCCGGCACCCACGTGCGCTTGGCAGCGGTCGTACGGCGCAAGCC 46655

46656 GCGCGTCGGCTTGTGCTGACGAAGCGCTTCCACGAGCTCCTTCTTCAAACCACCACGCGG 46715

46716 ATGCGTGTAGATAGCGGTGTAGATTGTTTCGTGGCTCACGCGTTGACTTGGATCATCCGG 46775

Stop codon

46776 ATGCATGGCCTTGAGCTTGGCAGCAATTTGCTGGGGCGACCAACGATATAGAACCAAGTC 46826

46836

CTIGCCTTCAACAAGCCGGCGCCTTCGAACGCAGGC 46895

Fig. 2. Primer binding site of transposase A gene. Location of transposase A is 46,296-46,826 of Xanthomonas oryzae pv.oryzae KACC 10331
strain (GenBank no. AE013598.1). BLB_RPA_F/_R, RPA primer designed in this study; XOT-F/-R, transposase A primer (Shim et al., 2012).

317] Qo] 35-42°C Alo]Q] &%= % A8 C1000 touch?] gra-
dient 7|52 2 A (ZF wellE 2 35.4°C, 36.4°C, 37.7°C, 39.4°C,
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=& sk qich Tag SEA A 7]HE PCR Zehof| W2l Qmt51
Wt A<E 7| E(RDX-XOO-I, TNT Research, Jeonju, Korea)&
o o] et ARE-5H oM, RPAE 39°C 52 27102 Hhg
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(Isotemp 2301, Thermo Fisher Scientific, Waltham, MA, USA),
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M1 2 3 4 5 6 7 8

Fig. 3. Optimizing the reaction temperature of recombinase poly-
merase amplification (RPA) assay. RPA was performed under range
of 35°Cto 42°C. Lane M, 100 bp DNA ladder marker; lanes 1-8, DNA
products ran at 42°C, 41.6°C, 40.8°C, 39.4°C, 37.7°C, 36.4°C, 35.4°C,
and 35°C, respectively.

M 1 2 3 4 5 6 7 8

Fig. 4. Optimization of the reaction time of the recombinase poly-
merase amplification (RPA) assay. RPA was performed under range
of 3 to 30 min. Lane M, 100 bp DNA ladder marker; lane 1-7, DNA
products ran for 3, 5, 10, 15, 20, 25, and 30 min, respectively; lane8,
negative control.

© 39°CollA 527 Al 29] A Eo2 FHE A 53Rt
AR F A7)9E = Fl At

i = gel %Oﬂfﬂ %"J
ii Q?lﬁ}u 1°ll(Fig. 3) 01—?94 by —‘lEL 39°CE 7L

= A3k

RPA 22| Rh-g- A7HE BHQ15E7] 913f) 3-30+2 AtoloflAf RES-
A7) & 27195 A, S Al 52 o/de] Hhg2xie]
N FE4HEo] Foskl BAHG7Io|Fig. 4) o] F9) BE ut
SAZFE 7| EE sE0 2 ARttt

RPA BE-S-of| A primer?] Eo| A& &921517] ¢3l HEYut&
Wate] o] 4% K1, K2, K3, K3a9}h ¥ Al el Al s Lt
TS WAL= RPA I F5o1E A5 23 Bid
QSR 9] 4% Flo|A K1-K3, K3ao) A= 200 bp 2719 &
2 rgo AR ARSI TANE FENE

of
_r.

M 1 2 3 4 S 6

Fig. 5. Testing the specificity of the recombinase polymerase am-
plification assay using four Xanthomonas oryzae pv. oryzae Korean
race and Burkholderia glumae. Lane M, 100 bp DNA ladder marker;
lane 1, K1 race (HB01013); lane 2, K2 race (HB01014); lane 3, K3 race
(HB01015); lane 4, K3a race (HB01009); lane 5, Burkholderia glumae
GR6; lane 6, negative control.

M 1 2 3 4

Fig. 6. Recombinase polymerase amplification detection of bacte-
rial leaf blight in rice leaves. Lane M, 100 bp DNA ladder marker;
lane 1, crude sap of BLB infected leaf; lane 2, crude sap of healthy
leaf; lane 3, positive control; lane 4, negative control.

o] Q= X] gkoHFig. 5) B SAYWIF Nk EoldolS AF
shylen ot SE4tE %‘7]/\1 o o] Nucleotide Blasto] <]3F
primer?] F5o]4 o3}t AA| RPA ¥H-3-Z23P7} 5 YsH U

eheS Selstsict

DNA 23 gl 24915l HEARel 24 @ el 715
%) gls}] gi) ¥ AutEuo] 7 ¥ 2, AWT AL
2711 o 27|12 Aot BRseoh 3 e Folo 2 2

=

Fig. 7. Assessments of the analytical sensitivity of the recombinase
polymerase amplification (RPA) and PCR assay. Lane M, 100 bp
DNA ladder marker; lanes 1-8, RPA (top) and PCR (bottom) prod-
ucts from reactions containing 10 ng/pl, 1T ng/pl, 100 pg/ul, 10 pg/
pl, 1 pg/pl, 100 fg/ul, 10 fg/ul, and 1 fg/ul of the DNA, respectively;
lane 9, negative control.
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Fig. 8. Comparison of recombinase polymerase amplification reac-
tion on various thermostatic equipments. Lane M, 100 bp DNA lad-
der marker; lanes 1 and 2, positive and negative control in thermo-
cycler; lanes 3 and 4, positive and negative control in heating block;
lanes 5 and 6, positive and negative control in water bath; lanes 7
and 8, positive and negative control in body temperature (hand).
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