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Recently fire blight occurred in the Republic of Korea and eradication program for the disease has been ex-
ecuted since then. Specificity and detection sensitivity of the 2 antibody-based diagnostic strips to Korean
isolates of Erwinia amylovora (Ea) and their application for on-site diagnosis were evaluated in this study. Ea
AgriStrip, a commercial diagnostic kit, and EB strip, developed in this study, reacted positively to the all tested
Korean Ea strains and also to most of Erwinia pyrifoliae (Ep) strains causing black shoot blight. They reacted
negatively to all Pusedomonas syringae pv. syringae (Pss) strains that cause shoot blight on apple. Detection
sensitivity was similar between the 2 strips. For on-site diagnosis, the two strips reacted positively only to the
extractions of the fire-blighted samples on all fire blight occurred orchards except one orchard at which on-
site diagnosis was carried out at winter time. In addition, they reacted positively to the black-shoot blighted
extractions from the black shoot blight occurred apple orchard. These results suggest that both EB strip and
Ea AgriStrip would be useful for on-site diagnosis of fire blight in Korea.
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WAt Erwinia amylovora®l| amylovora+= Z(blossom), ¥(leaf), Al L 71| (shoot, twig),

£ &7|(trunk), XA (collar or crown) 5 A 4H-9o] HE B9
oA utE(blight) A2 Fsto] THARYAE 4, =A|eFs]
! U TS 20 71tHEPPO, 2013; van der Zwet 5, 2012). 0]
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o] oJgt wjsfj7} uf-$- @6}51 B 79 O3 % 7} ol Zijjo]
M AEAAA wo] IR Yo 2 A Aste] Bhajsh gt
(FHSAE AR, www.gia.go.kr).

T4 S-S 1780Lj_ j‘?éﬂl 1A XS HEago] B E o] % &

A= B0, 74, 7 SGOrIot 5 AlAI B2 Ao
A 2Rk ¢lthvan der Zwet 5, 2012). ZUjo)| A o] H& A}
I pReL vjubR oA 1928 0] WY H 2 AT EE AYEH
% AT 0] 7150] Qlou, BAlo] o] W3 {ARR Erwinia
pyrifoliae®]| 2]t 7}xH-2ut&4% (black shoot blight) &2
Pseudomonas syringae®]| 2|3t 7FX|u}l&(shoot blight)2] 2+
25 5A o 7 A= rHThe Korean Society of Plant Pathol-
ogy, 2009). AHLHEQ} HjLpRofl A ol 4] B a1 wfas 3t
AP GARRE B o 2= P syringae pv. syringae©l 23t 714

ulEH(shoot blight)Z} E. pyrifoliae®] €]t 7FA|ut&H(shoot
blight) £+ 7}X4-20lE49(black shoot blight)o] H 31 %]¢]
Qlth(Han 5, 2016; The Korean Society of Plant Pathology,
2009). E. pyrifoliae®]] 2]8t 7}A|ut-&H(shoot blight) = 7}4]
A-&utEH(black shoot blight)& 1995 - 2w 9] v 1}~
oA 2= AR HFolle Sy 1 44 9 Bt

o] j&- G AFs}e] S 0 B 9QlE7| % slgict. WYdto] 3t
8 Y2l E amylovora®}i= T2 E. pyrifoliae= EQ1%|0]

SpAPYIHE ThE 0 2 SPEUOR(Han 5, 2016; Kim 5,
1999; Rhim %5, 1999), BA7H) AAeIA] el Ale] wayet =
1 olth 34 ST AP et S e WA T
Ak 9L TR Aol WA I B 2L o] 27
A | 70| ofHe.
Sl SR st 3k shahgol 2015 59 44
o} 2k o U1, o) 8 ol A Aot
S oA EAIELATHMyung 5, 2016; Park 5, 2016). 3%0]
A ol 5 43 ol 99 B HRE o] Si5 ok
2X2 A3t gick @A o] ol WA H2RY 27
100 m o] the] BE LS o] ih2st, 59 2 km7HH) 8
314 PAIZ AN, 5 km FR7A WS FH 0 R B
et QIeHPark 5, 2017). £ H-& 4 i<l 20154
ofl 43749 T oA TS, 201640 Pk Hete)
20154 WA X9 177] 4= el W] 1l gick

34 SAPFE BFo] ASHE O 2 o] o] kA %
e e PR e SR INEES R L)

o

£ 7o) Basith ol SISAE o] e WY EX GA Y
% 1 23t Fsto] BHo|ck. EPPO
(European and Medlterranean Plant Protection Organiza-
tion)of| A Tst= Tt HFH A T2 EZ A= I

t‘u 7‘4@(& 1‘%% 9134l DNAES 7|23t —E—X}*E%’ﬁ. q=
(EPPO, 2013). ?‘LZH FrolAl= KZP%“E = ““}E' 71] Ak 4= QL
+ E. amylovora #F52] t©+ZE3H (polyclonal antibody)&
o]-&7F 2 E(strip) FEiS] A7 EZL A ASFE o Ach(Ea
AgriStrip, BIOREBA AG, Switzerland).

& AFo A= TUlollA Z21E E amylovora @555 °1&
sto] AEY Feje] A7 ES w5, o] A7|=et ofu]
ol 4818 A= o] =) sha § Yol g Sol
A, WA SISk, T4 SR WA Bl Rge] 4
§3to] o5 BAY sk AEY] T4 sAe] Bkl
218 /b5 e Ak

ELIRIE

Mz 2F. 2 dFoMe s30T 22304 &
Fete £ amylovora (Ea) 8 w52} E. pyrifoliae (Ep) 5 «=F,
gh=-5 Q| SR LAATE (KACC)of| A EFak-2 E. pyrifoliae 6
+F, st 2RE Bk AlIUR B P syringae
pv. syringae (Pss) 8 35 AF-2-3ltH(Table 1). A}-&3t RE
A2 =285} NA (nutrient agar; Becton, Dikinson &
Co. Sparks, MD, USA)ol| A HljoFsliar, —80°Co] 2425119
Bt ALE-SHATE Eagt Epe ol A A= 8 ewtol
52 SYZAEAARL ) k)] uhe} phefsigict

Tk AEZL  E amylovora FZ-8 Ea AgriStrip (Cat. No.
153081, BIOREBA AG)2 A A3 ALZ EE| complete kitE -
A3t AR-g-shgieh & Aol A A2&gt EB (Erwinia blight)
strip2 (F)d ] et Tl AEl(Chuncheon, Korea)o 2]=]s}o
A ZFsteint FE 2ol A EFE- 2 7 7(YKB 12316, YKB
12320)2} 2016\ QHIA] A& AR O] 3H4H Ao =
5B 223t CBNU 2155 w55 o= ALgstglon, 3Fd
Ao A U AEF] A|ZL Braun-Kiewnick 5(2011)2] =

ol mhtT
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Table 1. Bacterial strains used in this study and their reaction to Ea AgriStrip and EB strip

Bacterial species Strain Disease / Host’ - Strip” Source’
Ea Agri EB

Erwinia amylovora YKB 12316 FB/ pear + + RDA
YKB 12317 FB/ pear + + RDA

YKB 12318 FB/apple + + RDA

YKB 12319 FB/apple + + RDA

YKB 12320 FB/ pear + + RDA

YKB 12321 FB/ pear + + RDA

YKB 12322 FB/apple + + RDA

YKB 12323 FB/apple + + RDA

Erwinia pyrifoliae KACC 13945 BSB/nk + + KACC
KACC 13947 BSB/nk + + KACC

KACC 13948 BSB/nk + + KACC

KACC 13949 BSB/nk + - KACC

KACC 13951 BSB/nk - - KACC

KACC 13952 BSB/nk + + KACC

YKB 12324 BSB/apple + + RDA

YKB 12325 BSB/apple + + RDA

YKB 12326 BSB/apple + + RDA

YKB 12327 BSB/apple + + RDA

YKB 12328 BSB /apple + + RDA

Pseudomonas syringae SHPS 005 SB/apple - - ANU
pv. syringae SHPS 007 SB/apple - - ANU
SHPS 022 SB/ apple - - ANU

SHPS 0056 SB/ apple - - ANU

WSPS 039 SB/ apple - - ANU

WSPS 042 SB/ apple - - ANU

WSPS 048 SB/apple - - ANU

WSPS 050 SB/apple - - ANU

°FB, Fire blight; BSB, Black shoot blight; SB, Shoot blight; nk, not known.

®Ea Agri strip (BIOREBA AG, Switzerland); EB (Erwinia blight) strip (this study). +, positive detection; —, negative detection.
‘KACC, Korean Agricultural Culture Collection, Rural Development Administration, Rep. of Korea; RDA, Rural Development Administration;

ANU, Andong National Univ.
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3};,_ 51_% S =95tk 2016 12€7} 20179 1Y
5 Akl T 5719 M= oY
—‘?‘—Eﬂ ANEE At 7 ujell A7 Al
ooze, TFEZAHS 7H A2 74 (shoot), 23 F2 7141 )
ok(stem canker), HE S-}(fruit), o] 3 Zol A}t o)z}
F(leaf), 12|32 2] & £719] HFH-H(trunk canken 25
) A RS A5 HFig. 1). E3F v]wslr] 8] HHE Kol
A g2 AR W A27RY E718 AFH sk 2016E

A
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12 2140] =33k Ml FA] 7S] =9 79 3
A A7 HarEo] A HAYo] ERIE7] Hofl B
o thFst AR E AFste] FRTES AAEHAE YA E
ZE3E Bt dApof AR BE &2 Hitdl(autoclave
bag)ol] Yol AFAR 7kAL & Hdto] 7|5t
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MeEEY 2 AN F-&erol v} B2
7P re AR 2R R g 2 Eete] AEY 250 A
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Fig. 1. Fire blight symptoms used for strip assays. Bacterial ooze (1), shoot blight (2), stem canker (3), fruitlet (4), leaf and leafstalk (5), trunk

canker (6).

2 Y A= Gorris 5(1996)2] 3FALS A<= M(antioxidant
maceration buffer)-& AF-8-3FATE NAoY A vjoFsH Al 224
= 329300 W5 ¥ RAREAS A183to] Al gel U
S 2% 5 AR A&t Bt A& FollA] Al ooze
ooze A S YE§ Sepae A€ ol 2 do] 2EUE
Sato] Aol AL-gahich uke 74 A= o) 5% vt
o] Aj4=9] Z7}A|(shoot, 23 AlZ 2 A3 74x] Atk
A9 29 A A AR AR, o] el
AL 7HA(stem) 9] B¢ ALY FARNE v=ZdE YA
W 5512, Qeane] S AR ok WAlo] WA 2%,

Fuf(fruit) 94 78 Gl A E, & A7 - H(trunk) €]

|

(i

w19 oN =
o>“ r_gl;

ol e 12 e

AFe] 3¢ ARRL WA W 5 o] 2o 2 e 34
= ZAL Ak o]a;q] Ao %32 0.1-0.2 g2 ZTtAE Hio
Y1 32E 95 5miE YL T Hbag)d] HlE-E TR

l

7HaA FEd —"F% & Ak o] AlEFEHS 2EY HA
of| 2 ARg-slaL, A= FA Bt ol ARSI A
At 22| A AltFEH O 2A|= BA | HolR] g2 A&
£ do] A 7RI A 5ot U o = 2505 Al
Ea AgriStrip AA-2 43]-g4 ZatAE FHl(cuvette)ol Al«+&
o = 20 200 us Wil 2EYS I 78l A9 A%
3F9IL, EB strip2] 3% & 100 ul& 2 Eg Q] ofaff &

A=A 290l Halstel ARGk AR A2 5 7 2EY
9] control linex} test lineo]] ¥H-g¥i = 7} Vel =] 3357,
A7 308 - 2F stk

HAAO E2| X SH. Z A=Y AldF=92 A
2 79} 108) 340 2 3]45te] 107-107 34 100 pl
£ Levan "l #] (Yeast extract 2 g, Bactopeptone 5 g, NaCl
5 g, Sucrose 50 g, Agar 20 g/l)o]] =H5}3L, levan g4 224
= MGY (Mannitol 10 g, Glutamic acid, monosodium salt 2 g,
Yeast extract 0.25 g, MgSO,-7H,0 0.2 g, NaCl 0.2 g, KH,PO,
0.5 g, 1 N NaOH 2.4 ml, Agar 15 g/l)of] Z1¢] vjjoF3}ch 1 %
Ea = Epsh A ERUZRE A2 Qo] Fa So] me}
o]l PEANT1/2 (Powney 5, 2011)¢} Ep E0] Zgto|HQl
EpSPF/EpSPR (Shrestha %, 2007)5 ©]-8-3 PCRE =33}
A

2 1z
AEZ| 1Y 22| Ea2} Epo| 3 S0|A U HETIZ

. Ea AgriStrip} EB strip2] =FUjol| A E2]E A+ (Ea),
7H L b B Ep), 1813 A ZHek B Pss)l
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Fig. 2. Detection sensitivity of strips, Ea AgriStrip (A) and EB strip
(B). Erwinia amylovora suspension, 10%cells/ml (1), 10°cells/ml (2),
10°cells/ml (3), 10°cells/ml (4), 10*cells/ml (5), 10°cells/ml (6), and
10°cells/ml (7) were used.

3t Sol S Al dsAS o] &-5te] skt 7HAHS
nhE 3wt (Ep) KACC 13951+= 2714 2EF BiFo| SANHS-&
Hgom, KACC 13949-& EB stripo]] thaljA SAS 2 e
ok U R o] AHE3 7HR1 2 nkE E+t (Ep)t S
(Ea) B #7523 F7H 2EH g FA-e5 ERTt
(Table 1). = AE7 RE AU 7Rx|atE B2l Pssoll
efre 25 SRS E3rH(Table 1). HERAES A}
3}t A} Ea AgriStripd} EB strip 25 Al- @ X7} 10° cells/mi7t
A At FAur-g-o] ES B9, 10° cells/mlof] )3
A= - 3]t Ul = 7F Uk ThFig. 2).

| EZlo| i Wl SiFtoM HB. 2016120174 5
Qb 4329] A AY Tk (el T 22, AT 9
), 1329] sb g o)A e (ul TH9d), 2E| AL 1329
7RSS Y T (A )] F 67 ol
X 2717 2Ede] BT SEe AT AR o
A2 20179 62 8 HetA] AEH(Cheonan, Seobuk)2] 3}AF
o] WIS AR T ol A 3%t dRITe] AR E
estqict. o] TpolA S BALE 7 AU RE R
E] At ooze(bacterial ooze), 2714 ulE(shoot blight), £7]
Flok(stem canker), YA 2 Q(leafstalk)2] 4714 HA A&
SF92 T e AR B7] 28 2L he A
ANEZHE AldFE5HS o] AdAet 23 HE AR=HE
B2 Al F=ZHof| thafAlqt 27F2] 2 Ego] FAdut-g-& H3
thFig. 3, Table 2). =3t HHE AR 2HE AL NdFE&do =z

L

N O
YH
=
L

A

Fig. 3. On-site diagnosis of fire blight with the 2 immuno-strips. EB
strip (A) and Ea AgriStrip (B) assays with extracts of bacterial ooze
(1), shoot blight (2), stem canker (3), leafstalk (4), stem of healthy
tree (5) from fire blight occurred apple orchard at Ipjang, Cheonan
on June 8,2017. B was extraction buffer as negative control and Ea
was DNA of E. amylovora YKB 12316 as positive control.

Table 2. On-site diagnosis with the immune-strips at the fire-blight
occurred apple orchard on Seobuk, Cheonan

Strip .
Sample - Ea Isolation
Ea Agri EB
Bacterial ooze + + +
Shoot blight + + +
Stem canker + + +
Leafstalk + + +
Stem of healthy tree - - -

Extraction buffer — - _

°Erwinia amylovora was isolated from the sample extract and PCR
identified at laboratory.

8 Ea7} 22 = SUchFig. 4).

2 Aol EgREE ST 632 A2 FF Pkl
tHTable 3). 2016\ 12 13 ER1% oFAA] A-&H(Anseong,
Seoun 1)2] ulj Zh=of| A @R Al 27F2] AER oA ¥
< A2 AletFE o] tisiAvt 27 ez Yebgen,
1 2=Z0ho 2 HE Earl BalEgthTable 3). 20169 124 219
of| 3}y HAgo] o El= AlEAl F7H Bl Zh=H(Sejong,
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Fig. 4. Amplicons of Ea- and Ep-specific PCR, Ea specific primer PEANT1/2 (A) and Ep specific primer EpSPF/EpSPR (B). DNA of E. amylovora
YKB 12316 (1) and E. pyrifoliae YKB 12324 (2) were used as control. Bacterial colonies isolated from bacterial ooze extract (3, 4), shoot blight
extract (6, 7), stem canker extract (8, 9) and leafstalk extract (10) from fire blight occurred apple orchard at Seobuk, Cheonan on June 8,2017.
W was water as negative control.

Table 3. On-site diagnosis with the immune-strips at the fire-blight or similar-disease occurred orchards

Strip
Location/Date Host P.athogen Diagnosis
Ea Agri EB isolated
Anseong, Seoun 1 . .
Dec. 13,2016 Pear + - Ea Fire blight
Sejong, Bugang Pear B - B Unkrown
Dec.21,2016
Anseong, Seoun 2 s
Jan. 11,2017 Pear Ea Fire blight
Anseong, Miyang . .
May 17,2017 Apple + + Ea Fire blight
Cheonan, Seobuk s
Jun.8,2017 Apple + + Ea Fire blight
Gwangju, Namjong Apple + + Ep Black shoot blight

Jun. 14,2017

Bugang)?| 7-¢- T = @A R Al T2 ol sy AT 2EHRA NN S B A2 Al S
271A) Ak 2] SANEoIPon], E0A Ea, Ep7} w2} Ea AgriStripTh EB strip Afolo] ol Wi gL
B 2P EA] FUT o] A J AR TNk Aol IYAITE AT A0l v = B E W HolF
FHabgo] ohd Ao 2 FRAEYL 2017 1€ 1

O] A2 ul| Zk=(Anseong, Seoun 2)9]

19 BAE L AoE ort
AR A

(o

FEZHo| A 2712 AEZ L SQuES S Hey) o ot
T2 0 25E Aol A Ea7t 2= 20171—% 5917 8
2% gk FAHL o|Lato] Hzet AEY

oHAJA] m]oFH AR T14=9(Anseong, Miyang)} A B oAM=
OFA] A& (Cheonan, Seobuk) AR T=o= HE  FEY 34 ;‘<_1_
AR HlFFEdo] disAnt 2AEY AR PRS0l ol H HESURES Esta, o] AVIES] 3 8%
o, B3} o] 220 2HE WUF Fak B ESITE 20179 T AHE 7He 43S 2AKSHSITE Ea AgriStrip EB strip2 &£
69 14%0] 7HAA Loty 2 %EA ANE WA R ol AFEE BE Fa o] GPANIS-S, BE Pss 3ol &4
(Gwangju, Namjong) }\]‘J—M'TJ—JF AT AL HE A BRES HAFQI, 11719 Ep o5 FollA 7l 571 2714
2 Al FEd0l disfA 2742 & —3— Fure-g By,  AEYA T2 ¥h3-& HoiFqlek Ep 1 #5-9] Ea AgriStrip
o] 2z ool A T AL T2 He &OL Ep7} £ej=9lck @ 3} EB stripof A ©hE WS- Eat Ep7t vl ARl = &

-Q‘ oE,
|Tn
(]
A
=
Hrr
i)
o
ox
o
oE
. e
£
2
. =
rﬂ
A

_ur.& ()
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Tkl 271A] ool thetk thEE(poyclonal) 3 Al= o+ HE
chErhs AL Bo] 3 Zolth Ea Agristrip S 7 =2
(Braun-Kiewnick 5, 2011)of| 4] St=Fof|l A E2]= 3709 Ep
F=ofl thgt Sol/del tsl +/—= FE715}aL, oFgt P e At
A = HZE(weekly positive or unreliable detection)o]|2}az
WHSIGIE theb] EahEp T Afole] ERG Lol Aol7h
Aol ofu] QIR E Y=, 2 AN E Ep 55 Abol9] &
Aol 2ol 7t Al EHIsl AL QlTk Ea AgriStrip2] A%
A7 A B 5H 4§ Pl lel i Ea Agristripe] Eas] gt oh]
2} Epof| tiafA FAuH-S &S ISl k. Ea AgriStripT}
EB strip2] Ea AZYZ == 10° cells/mlo] tafji= EHAI3TH oF
FHMEE, 10° cells/mlo]] thafjA] ul-- 3]u]gt HES HoE9]
=4, o] 97 =+= Ea AgriStrip uf <o) AJA]E Ea AgriStrip2]
AE&NZHEQ] 5x10°-10° cells/mlz} -8-A}5E Aato|th

SHE WA ol A ERFRIe] 283t A} spabo
SR 4 329] 9] Foll A 20179 1€ 11L0]| 3 A

(QFAA] A2, Anseong, Seoun 2)-& A 9]5}al= thok3t 1
Al =S R4 HAYAIZ 304 o|Hjof] FH-g2 Hof=3d
o} 201740 19 11900 ARG QPA] Agwe] v T gle] A
F AR ] = 92 S HE S, SHHo] A™ 7HA]
O] QAR g 7o o] Qe e 7= Tt
91ick 7Hell Uiehd Apgvte 28E g AFEEole
238 APl Earh RelEIgAe, AR 274 2 ER
A BE S-S Boqith o] A= Atk 2 E9 A
of AL§3 7H) Fpgure] Al Eole] ERieHs Ead] W
7 FEAY 2B HENATE R W7 fiiZe 2 =59
oh AT 2SS AL B 7HY Aol Yo Ea
o BELE ThY e Ao AT 5 P AGS
7F21 7}R] &) 27%00| ARt AFotl= Eazt Ehelo] E|§lal(van der
Zwet 5, 2012), 3 Ead] 2] A3 E2 AEEE v ¢ b2t
£ Aol & &eA QUTHEPPO, 2013). whabA] 2017 1€ 11|
ZAFR W] A4 AR 7] Aool Welto] EAjsh
A, 1 WEsh e ~EYS] Atk vt 2
S}, of Fher b4 20164 124 13200 249 B THR o)A
A ARG 2747 AEFo] AP ik 22 ol
B QPGS HelFeld), o 9ol 7h) AR
2HE A Al TSNl Bt Y9=rt 2EH o8 A
2949 UHE ERS AoR 238

F/duks-o] Uit &8 5= AR FAAHES] e,
i JA 2EY Wi FA L HE AR FF7e F=H
o190 Ea) Wi} B QI AO2 Lektch 2 Al oo
=

3% 2 2000) 79 v Ao] 9. AR ul A

M

—_

[e3

el

Q o X

sy

o

e

WN
0->|:4('D

=] A7t 3, e ey Teht edE 27
2o A= vAe) Ao] 7517 erthFig. 3). oleldt
3

O e

2]
A& E Zpo|7} lFol = Bt theFet s B Al
FEdof| tfefjx= & Aol AFESE 27k AEY L2 BE
ARkS-S HojFgich
sHEat AR 7 A2 n o] WS 7 e B
ZA A= Hyk F=EHef sl 271A] AT AEY BE ¢4
HH-S-& YR AR TE Yt 22l Ep7t Ee= e, ol
A= B Aol AHEs 271 Ag AEY S 2= sS4}
7HALuEH S FET 5 Gl HoFa
£ A9 A= o] AFAstEo] AFE-F<] Ea AgriStrip
2 Aol A NS EB strip Abolof] AERE RE o] o
St B0, AET7E 4 AN At Aafo A Z &}
o7} RS& HoF 1 ek B Ao AL-g3 FEHL o]
83 27HA] 7| E ] e AT} Eagt EpS HS}
A Zote 5old9] gl o] He ARzl F7FHQl
o] Ya3he ofugitt & HEWAEIL @Y AEHRET 45
31A $-=351aL, East EpE T 4= 9l LAMPHo] ARt
of 712 AHg-ETHA ST 7 H2 RS 2N o A
oA Zdd = S Ao 2 AYZHEck Buhimann 5(2013)
2 Ea¢t EpE EHT 4= 9loH, AEUHET} uf$- 9-<=¢l Ea
Eo|%] LAMPE E 13}t ¢ Mk AEYS o] 83t %
Zke] 79 £t 7] tglo] WAy el A Th=loflA] 1A]7E o]
of Zcto] 753t Aol ik 2 A< HA A3+ Ea
AgriStrip3} EB stripo] A8 P72 7t F-2 AR A
WS HEA Kok A7t Aol Bkl w4 A
S719) S AFAES Y8l FE3] A= X
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