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Polymerase chain reaction (PCR) methods, including conventional PCR (cPCR) and quantitative real-time PCR
(gRT-PCR), with both plasmid- and chromosome-targeting primers, are currently the most reliable methods
for detecting Erwinia amylovora due to their high sensitivity and specificity. Despite gqRT-PCR’s quantitative
advantage, cPCR remains an attractive method to detect this bacterium in initial screenings of suspected host
plants, as it is cost-effective and does not require skilled personnel in well-equipped laboratories. This study
aimed to significantly improve cPCR robustness via application of bovine serum albumin (BSA) as a PCR facili-
tator, with a modified EaF/R primer pair, as previously reported. Experiments have shown that simple supple-
mentation with BSA (10 mg/ml) enhances cPCR reactions using templates such as genomic DNA, bacterial
cells, and infected symptomless host organs, including immature apple fruits and seedlings, with EaF/R prim-
ers. The cPCR method described in this study is simple, specific, and reliable, and can be applied in routine
assays to diagnose fire blight.
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A vl S7HE A4 4= Qo ol= A= AE 2
I3 S L% PN A 5 HE1eY
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& AH7|E ol ML= Y T L2 2 =2 polymerase
chain reaction (PCR) ¥iio] AgA 9 348 Adhr|&2 |
A3k ar glom, FR7EA] kRt PCR o whet SHE el
Al-9] A& o] B aLE it MA conventional PCR (cPCR)
o] A= intergenic transcribed spacer (ITS) X|9, amylovoran
AB3HA A ZHamsB), hrpN, pstS-gimS A<, recombinase A A|
o, hypothetical protein ¥ Z2+An|= pEA29 50 2 HE A
215l Eo] LeolmS o] §4 SN E AT % A28
of tjgt A7} o]FoJH thHBereswill 5, 1992, 1995; Gehring
1} Geider, 2012; Ham 5, 2022; Jeng 5, 1999; Kokoskova 5,
2007; Lagonenko 5, 2011; Obradovici} Kevresan, 2010; Tay-
lor 5, 2001; Wensing 5, 2011). I3 ZZo]l= quantitative
real-time PCR (qRT-PCR) (Dreo 5, 2012; Gottsberger, 2010;
Pirc 5, 2009; Singh 5, 2021), loop-mediated isothermal am-
plification PCR (LAMP-PCR) (BiihiImann 5, 2013; Gosch &,
2012; Moradi 5, 2012; Shin 5, 2018; Temple®} Johnson, 2011)
4 recombinase polymerase amplification PCR (RPA-PCR)
(vanov 5, 2022) 59| I . = &= S UA|RHe] XIEtko] o]
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F=ol sl Avka e = vkEdket 278 =&kl e 2
@7]& WS PCR 7|8 7] & o] tiEAo|H, o]2|3t o]
E PCRYHE 50| Zeto|HE o|-§5lo] DNA Sa e

A A9 7Istard oz S35, o] FF X H A +
Fofl wret Hddt HE 7S WET 4 7] diEelth 19
1 PCR W52 DNA Sota 4nk-gof o3t dutz, g ankg-2
AT 4= Y= Tt T2 PCR JAIAI S0l o5 mizdsh
o= PCRuHE-9] =5 Al 85t ofyzt 9154 AnE
Z# 7= Stk (Schrader 5, 2012).

ool & Aol ML 2 HHslAhggAZe] B Y
N BEHo R ASEAG 13 A B o w o] gEL
cPCR ZIRHHOIAH PCR SAIAIE AAT 4 9l 24 234
A}, o) 2 B-g5to] cPCRE) B84 F27} B 2ol 7
® 318 cPCR E0] Lafo|r] & B3 4 9l 27 majolm
2 Asigon, o2 AT /1% A8 2 T 54
o

=
2 R34 A Bl B8 7Hs A SISt

%0
e e =

A

Y

SttHMT Y X HE Mz ZEH. A& o 3
AR 2015 71 %= QMY o Fuljup-oll A &2 Erwinia
amylovora TS3128 w5=& MGY (D-mannitol 10 g, L-glutamic
acid 2 g, KH,PO, 0.5 g, MgSO,-7H,0 0.2 g, NaCl 0.2 g, yeast
extract 1 g, and agar 18 g/I, adjusted pH 7.0) §A]| 8} x]oj| 4|
28°C 24A]7} HjeFs}od 0.D.600 nm=0.001 AEF5}o] 10H] 3)4]
HHH 0 2 107 (3.4%10° colony forming unit [cfu]/ml), 10 (5.3
x10° cfu/ml) 2 107 (4.2x10" cfu/ml)7}A] 3]45}o] YA+
AIZEHIo A2} PCR Eo] Zatoln] Wl Z214] Hrto] ol 2
A ARE ZAFSHT: DNA 55=9] w2 cPCR So] Zz}to|H
% ZZ0A] A7l o3t AE3A Y T3 ARE 2AFE] st
o, TS3128 5 MGY YA Hljx]of| 4] 28°C 24A|7F vl ¥Rt &
Wizard” Genomic DNA purification Kit (Promega Co., Madi-
son, WI, USA)E- ©0]-83}44 genomic DNAE 5319121, 1,000,
100, 1 % 0.1 fg/ul = =2 3]45}o] A8t E3t 7154 W
oA S-S HETP] $I5he] TS3128 15=0f| pBAVIK-TS-
ofp EetAH| =5 EUAJZ] kanamycin (50 pg/ml) A3 #53
EFoll-S Zhao 5(2009)9] 2]t ¥hof| wa} 0.D.600 nm=0.001
(1.8x10° cfu/ml)2 A} (cv. Fuji) B d<ato]] AE5tgom 2t
HHES 5719 njdsaE o] g3te] 29 AAE I HE
n)ds 2R SHEAMTE HES HE 1Y 24U $
ZH o2 HE 0.5 cm HolZ B QE no. 5 cork borerE o]-&
3o 0.5 cm® 37k - 10 mM MgCl, -§-<4of mhafato] 5 pl
2 CPCR S| Tafolu] B 2314 7ol ogk 27 ofRo] AF
|51k 3 AR} F-H (cv. M9)+= kanamycin A3 o5
0.D.600 nm=0.001 #eHofl 17+ HA] HF3}e] Murashige
and Skoog (Sigma-Aldrich, Merck KGaA, Darmstadt, Ger-
many) Bl Z]o]] Z|4sto] u)d<s e} FARE A7l HE =
ZAAIE 10 mM MgCl, 8-40f| uafate] 5 ulE cPCR HEA =
2 g3tk
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eolnS 2 Austeck WA sHPEAT] /KT Gl 5
o] Z2TAu|=(pEA29) EFAl Z}olm A(5'-CGGTTTTTAAC-
GCTGGG-3')/B(5'-GGGCAAATACTCGGATT-3') (Bereswill 5,
19929} 0 WA A olu 2 wek AR §A% B
zz}o] AMSbL(5'-GCTACCAGCAGGGTGAG-3')/AMSDbR(5'-
TCATCACGATGGTGTAG-3') (Bereswill =, 1995) 9 23S rRNA
A2} 2|9 E}A ZaboH EaF(5-GCGCAGTAAAGGGTGA-
CAGCCCCGTACACAAAAAGGCACT-3")/EaR(5'-CCCTAGCC-
GAAACAGTGCTCTACCCCCGG-3') (Maes 5, 1996)& ©]-83}4
t}. o|uf] EaF/EaR Zg}ojH= E o)A annealing 2= 7} Y4
#3247} 40- B 29-mer®] H7| 2 B|1 A g Sof =
gholmz A= 71 F7IAE= Qg A A= Qs & &
TollAl= o= FE F-2 ©Ho Zeto]H EaF(5-GCGCAGTA-
AAGGGTGACAG-3/)/EaR(5'-CCCTAGCCGAAACAGTGCT-3"&
AEA) A=k A3t cPCR ¥HEOS % 50 i, 2kt
A% A} v)g& e} 41 vhafel 2 153128 Al FEre)
= TS3128 genomic DNA 5 ul (314)5=8), dNTPs 4 ul (dATP,
dTTP, dGTP, dCTP Z}Z} 0.16 mM), forward 2 reverse Z&}o|
™ 2 ul (22} 0.2 uM), 10x buffer 5 pl (1x), BioFACT™ Thumb
Taq Polymerase (BIOFACT, Daejeon, Korea) 0.5 pl (1.25 U) 2
27} ZFBRS 3.5 2 TYHGE o17]e] PR 714
+ PCR AAI=2 AAA=Z L&A (NH,),S0,4 mM), bovine
serum albumin (BSA, 10 mg/ml), Triton X-100 (0.01%), Tris-
borate-EDTA buffer (1x), glycerol (5%) & betaine (1.5 mM) 5 ul

£ A7ksto] PR W3-8 £41 o7& wkstgithRadstrom
=, 2008; Schrader =, 2012). cPCR ¥F&- hot startZ ¢
%t 95°C 108 %, A/B ZZ}ojH+= 93 52°C 28 49
72°C 189] 35 cycle 18]31 AMSbL/R 2! EaF/R Zg}o|H 9] 7
©94°C 30%, 60°C 30 9 72°C 229] 35 cycle ¥1-S & o}
A9t A2 72°Cof|A] 7827t PCR Thermal Cycler Dice Gra-
dient 7]#|(Takara Bio Inc., Shiga, Japan)& o|&3}o =
HH-S-AIF T cPCR HHS-AHE-2 1% agarose 517195 Zof|A]
ethidium bromide 0.5 pl/mI2 G5} WH-S-AHES E215}
Ak oFAJHE-S-2 TS3128 genomic DNA 100 pg/ul 2 &34t
&< DNA 73472 Yehfiglon, A9S 28HE 535131t

=7
°C

o
|
13,

SHef'E2lMI DNA I SHEfY PCR IS FZL. 2 A
A o83 3372 SHIE U 5ol AE PCR Zetole}
6372 PR A SRR o] 85to] 9-Al% 0 2 S g A
w DNA 5L d=tel ti g vhg- 531

T

2 100 fg/pl =l A ¥H-g-4k-8-S LyEhd vH, EaF/R 22}
o]H= 1 fg/ul DNABESA 565 bp 27|19} WH-AHE-S e}
o] & Aol A A8 Ak 5 71A] 59 Al2siof A 27
BEE UEhd 5 Gl Zetolm 2 Il glthTable 1). o= o1&
stolm 5o gt PCR Ao izt o BatoflA 1 pg/ul o)
2] DNA g0l Aut AP} o] 201 ZHg 12 v 2 A

Table 1. Comparisons of detection sensitivities of different PCR facilitators and primers using serial decimal dilutions of bacterial ge-
nomic DNAs and suspensions of Erwinia amylovora TS3128 strain as template

Primer Primer
Eacilitator EaF/R AMSbL/R A/B EaF/R AMSbL/R A/B
DNA concentration (fg/ul) cfu/ml
1,000 100 1 0.1 1,000 100 1 0.1 1,000 100 1 0.1 10° 10° 10° 10" 10° 10’ 10° 10' 10° 10’ 10° 10
(NH,),SO, O 0 O X O O X X 0O X X X O X X X O 0 0 o
Bovineserum O O O O O O X X O 0 0O X O X X X O 0 0 o
albumin
TritonX-100 O O O X ND O O X X 0O X X X O X X X O 0 0 o
TBEbuffr X X X X X X X X 0O 0O X X 0O X X X 0 0 X X
Glycerol O 0 O X O O X X O 0 0O X O X X X O 0 0 o
Betaine O 0 O X O O X X 0O X X X O X X X O 0 0 o
Control® O 00O X O X X X 0O 00X X 0 X X X O X X X o o o0 o

O and X indicate presence and absence of amplicons, respectively, in reactions using each facilitator and primer.
PCR, polymerase chain reaction; cfu, colony forming unit; ND, not determined; TBE, Tris-borate-EDTA.

°Control indicates no addition of any facilitators.
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N MAH 22 DNA FZo A= o] o]FAR|X] ertAY
E74H55H57| Qi 2 AkmEnh e Al dEFAof tigt
PCR Z== A/B Z}o|w7} 4.2x10' cfu/miZA] BH-SALE S
UERd ¥, EaF/R 2 AMSbL/R Zalo]HE-2 1.8x10° cfu/ml
9] & YWr o] AlFo At ¥h-SAHE-S YERSItHTable 1).

o] Maes 5(1996)0] X 113+ A/B Za}o]H = 10° cfu/ml L=

7H S UAITY] HEe] 7He sttt AT S YEt e
], 0]9] 2% 59| Talo|HEL A4 10° cfu/ml o]4+e] Wi

ARt HEol 7t
=, 1992, 1995).
RHH, PCREES- S2IA| F-ofl A= BSATHO] EaFR Zefo|HE o] &-
ZFgenomic DNA 0.1 fg/ul =2} Al FEFH 34x10° cfu/ml 2 5.3
X107 cfu/mioll A 27} o] WhSAHE-S Urehje] 217e] &
A 2 HE| itk (Table 1). BSA«= UHbA 0 2 A& U PCR 1t
°J'Zﬂg Zlo] DNA®| 233} Tag polymerease?] B4
£ 8318 A7} At AU A SLTH 8
SAA7]= PCR HHS 2AA| =2 2 LA 9l on(Farellz}f
AIexandre 2012; Radstrom 5, 2008), £3] Al& Y| T2 pro-
teaseE JAIFe =N PRYHGS = J/\] okl B =ik
(Schrader 5, 2012). ©]o]] =& Taq polymerase bufferof| = H++
20 2 1.2 mg/ml =& 5= 2 BSA7} gH-Eo] Qloy, 2 o
o A= 10 mg/mlIZ 8.38]) 37} A7}7}F BSAS] PCR HHS- 718
32 Uehd o2 AR meby 7 71342042 5
AN AEL I3 PCR BFS-0] 7] oJ 3= EaF/R Za}o]
v} BSAS H71et PR HE--0 2 AZaeick

Sith= AMATLE Zh2- A vt} (Bereswill

bp 1 dpi

b2 S A B S B OOl L ST LS (G
.

ok

StaHEME ZE 7|FAE AR PCREE FEL 3H)
A A 712N v s 9 fR) 2R E 34
Alete] A& Ao Ueh] Ao 4 o7& wtst
o] Fas}th °l°ﬂ 2 dAFtollx= 242 At ml s I
AE 194U & B34 AR 2R7E Add Zato|y
Aol &gt cPCR ‘ﬂ"o‘ =% RS Atk HAF 1Y 1]
st 9 SR 2RE o SHE AT 2442 8.0x10°+
4.4x10° cfu/ml€} 6.3x10°+7.9%10° cfu/mIZ Vet on, &
Z 49 ZTo||l = mAdsa} 2.1x10%£1.4%x107 cfu/ml, GH 4.9x%
108+1.5x10° cfu/mlE RAFE|Q L, 4 S71A] n|Al<atkel &
B T AL 9 npE2A10] A5 o] yAo] UERUR] = k9
_(_D_D:] o]%‘ ;S}— 701 < ] tﬂx]o] Hl—}\go].oﬂq. o]oﬂ ;S_,_ 101 \:l]
49 & n|Ag<ate}l S HA| R 2HE EaF/R Zeto|n]el 27|
2 BSAE 0|83} PCR B33+ A1k, BSAS 37} A7}8HA] &

2 HhgolAs nds 2 f-7 R4 vhgAE & T
= USATHFig. 1). §FA BSA 7} 71 Hh-g-oll A= frRolA =
AE 1Y 44 & 2E AR 2HE §ESAHE O] UEstoL), |
Aol s FE 1Y = PR EX a7} giglom 4% 49
F AmoA = F 8l AlmellA 3719 AR 2R E WHANE =
IS 4= ASATHFig. 1). FE 19 5 BSA Sx1A4 ol oJ3tEaF/R
gho|H 9] 45 HEO| FHOAT YEhd o] 2=, HE 1
A T FHA 2] SFEUAT BT} 10° cfu/ml o] 4Fe] 11d
L2 &P EH-‘?EE AR =, g atol A= 10 cfu/mle]
o g 7l Ao 2 AU Al Aol A 10° cfu/ml
e AEH ﬁﬂfi Ho} PCR ¥Hg AAA| = 2835 4= Q)

e

Oll

=

L

T

%H_
;ﬂ

x«ﬂ »ﬂ

4 dpi

1 2 8 4.5 6 7.8 6 1 iz el sulec)

absence of BSA

presence of BSA

Fig. 1. Polymerase chain reaction amplification at 1 and 4 days post-inoculation (dpi) with the EaF/R primer and absence (upper panels) or
presence (lower panels) of bovine serum albumin (BSA) (10 mg/ml) of a target sequence from extracts of immature apple fruits and seed-
lings inoculated with Erwinia amylovora TS3128 strain. Lane 1: TS3128 genomic DNA (100 pg/ul) as positive control; lanes 2 to 6: extracts
from immature apple fruits; lanes 7 and 16: negative controls (no TS3128 genomic DNA); lanes 8 to 15: extracts from apple seedlings, and
M: GeneRuler 1 kb DNA ladder (Thermo Fisher Scientific, Waltham, MA, USA).
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Y etE AT GEHETHE nysTte) o 29
S0} 7] T 2 ofA7Ic} et Sh AN Fe) Wt
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¥ 7HAE Zus AR Tl SAE L 37t FulS
275 e th SoIA] Zg-40] SXET glck. ke
= AT AL SHPIANE FEOIAY AN PR W3] 3
WETE 7] I3t Uit PR Zatolo] R 2X1R)S A
sk} shgick. olol A8 AZHE EaF/R etolm e} PCR 4t
o] BSAS 10 mg/ml 5 2 27} F7HeE 97 8Py
SELVERERE EEEECERESPEEEE
F502 5He QN PQR YL BES FAAE ATE 3
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