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Nationwide survey for angular leaf spot (ALS) of strawberry caused by Xanthomonas fragariae, a
quarantine disease in Korea, was performed in November 2012. In the survey, ALS was observed in
eighty eight farmers’fields of Sukok, Jinju and Okjong, Hadong in Gyeongnam Province, and one field
in Namwon of Jeollabuk Province. The infected field of Namwon closed immediately after the disease
diagnosed ALS. In detailed survey of Sukok and Okjong areas during February 2012 to January 2015,
ALS occurrence decreased from 45% farmer’s fields on December 2012 to 5% on January 2015, and
from 38% on November 2013 to 5% on January 2015, respectively. Phenotypic characteristics of the
Korean strains were similar to those of the type strain of X. fragariae. A multilocus sequence analysis
of Korean strains of X. fragariae was conducted using four genes; dnak, fyuA, gyrB, and rpoD. All the
Korean strains had the same sequences of the four genes. The concatenated sequences of the Korean
strains shared 100% with that of the type strain of X. fragariae. All strawberry cultivars tested were
susceptible to the strains of X. fragariae two weeks after inoculation. The inoculated sites were necrosis
Received October 29, 2015 and expanded, which were rated 4 based on evaluation of inoculation site.
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Table 1. Strains of Xanthomonas fragariae used in this study, and GenBank accession numbers

Bacterial name Isolation GenBank accession number
. Code No. Location Reference
(strain source*) year dnakK fyuA gyrB rpoD
X. fragariae (LMG 708") BC2719 USA 1960 KT886342 KT886357 KT886372 KT886381 This study
X. fragariae BC3161 Okjong,Hadong 2010 KT886343 KT886358 KT886373 KT886382 This study
X. fragariae BC3162 Okjong,Hadong 2010 KT886344 KT886359 KT886374 KT886383 This study
X. fragariae BC3163 Okjong,Hadong 2010 NT NT NT NT This study
X. fragariae BC3164 Okjong,Hadong 2010 NT NT NT NT This study
X. fragariae BC3165 Sukok, Jinju 2010 KT886345 KT886360 KT886375 KT886384 This study
X. fragariae BC3166 Sukok, Jinju 2010 KT886346 KT886361 KT886376 KT886385 This study
X. fragariae BC3167 Sukok, Jinju 2010 KT886347 KT886362 KT886377 KT886386 This study
X. fragariae BC3168 Sukok, Jinju 2010 NT NT NT NT This study
X. fragariae BC3169 Sukok, Jinju 2010 KT886348 KT886363 KT886378 KT886387 This study
X. fragariae BC3181 Sukok, Jinju 2010 NT NT NT NT This study
X. fragariae BC3187 Sukok, Jinju 2010 KT886349 KT886364 KT897896 KT886388 This study
X. fragariae BC3190 Okjong,Hadong 2010 KT886350 KT886365 KT271475 KT886389 This study
X. fragariae BC3191 Okjong,Hadong 2011 KT886351 KT886366 KT886379 KT886390 This study
X. fragariae BC3192 Okjong,Hadong 2011 KT886352 KT886367 KT271476 KT886391 This study
X. fragariae BC3193 Sukok, Jinju 2011  KT886353 KT886368 KT271477 KT886392 This study
X. fragariae BC3194 Sukok, Jinju 2011 NT NT NT NT This study
X. fragariae BC3195 Okjong,Hadong 2011 KT886354 KT886369 KT271479 KT886393 This study
X. fragariae BC3196 Okjong,Hadong 2011 KT886355 KT886370 KT271480 KT886394 This study
X. fragariae BC3197 Sukok, Jinju 2011 NT NT NT NT This study
X.arboricola pv. fragariae BC 2633 Cesena, Italy 1993  KT886341 KT886356 KT886371 KT88638 This study
(CFBP67717)

X. arboricola (ICMP 35") New Zealand 1957 EU498750 EU498852 EU498951 EU499070 Youngand Park, 2007
X. bromi (ICMP 12545") France 1980 EU498837 EU498937 EU499052 EU499172 Young and Park, 2007
X. campestris (ICMP 13) United Kingdom 1957  EU498747 EU498849 EU498948 EU499067 Youngand Park, 2007
X. cassavae (ICMP 204" Malawi 1977 EU498759 EU498861 EU498965 EU499084 Youngand Park, 2007
X. codiae (ICMP 9513) USA 1987  EU498822 EU498922 EU499038 EU499158 Young and Park, 2007
X. curcubitae (ICMP 2299") New Zealand 1968 EU498780 EU498882 EU498989 EU499108 Youngand Park, 2007
X. cynarae (ICMP 16775") France 1996 EU498846 EU498946 EU499061 EU499181 Young and Park, 2007
X. fragariae (ICMP 659) USA - EU498773 EU498773 EU498875 EU499098 Youngand Park, 2007
X. fragariae (ICMP 5797) Australia - EU498799 EU498901 EU499012 EU499131 Young and Park, 2007
X. fragariae (ICMP 6646) Australia 1975 EU498806 EU498908 EU499019 EU499138 Young and Park, 2007
X. gardneri (ICMP 16689") Yugoslavia 1953  EU498843 EU498943 EU499058 EU499178 Youngand Park, 2007
X. hortorum (ICMP 453") USA 1943  EU498769 EU498871 EU498975 EU499094 Young and Park, 2007
X. oryzae (ICMP 3125") India 1965 EU498784 EU498886 EU498993 EU499112 Young and Park, 2007
X. perforans (ICMP 16690") USA 2006 EU498884 EU498944 EU499059 EU499179 Young and Park, 2007
X. pisi (ICMP 570") Japan 1957 EU498770 EU498872 EU498976 EU499095 Young and Park, 2007
X. populi (ICMP 581 6") France 1957 EU498801 EU498903 EU499014 EU499133 Young and Park, 2007
X. vasicola ICMP 3103") New Zealand 1969 EU498783 EU498885 EU498992 EU499111 Young and Park, 2007
X. vesicatoria (ICMP 63") New Zealand 1955 EU498753 EU498855 EU498954 EU499073 Young and Park, 2007

NT, not tested; -, isolated year is unclear.
*LMG, from the Belgian Co-ordinated Collections of Micro-organism (BCCM), Gent, Belgium; CFBP, The Collection of Plant Pathogenic
Bacteria, France; T, type strain; PT, pathotype strains.
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Table 2. Survey of bacterial angular spot of strawberry in 2012
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% 10%00 A ol WA= ¢l o1t 2012 129 9] IFA] =
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2201249 AL B7| Aol @7 Md 2R Yol ZFHE =
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T SFHA A= 20139 D7 A 27 5 40%0 A W ol
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10%0] A 9t 1 o] A = U thFig. 1). o] 22 Al A ¢l
A e =7 A YAl R R A
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H AR AGEt B SEANA HE BF B
Hedwtol A= e B o] gles BFo it AT A
I H AHRoberts 5, 1996)5 =35t ThE A H o2 A HE
D72 F 0] o] 5 AgtstH, e o2 A F o2 o]
SHAFE]R] GFaL, G| Al B SR A Qo A B R =
AAE AL 2 k= Qi

TS AZRA A B TS A A 7]7] g e R

24 o of ofN

i

O

. . No. of No. of
Province City or Gun surveyed surveyed fields diseased fields
Gyeonggi Suwon, Goyang, Yongin, Namyangju, Pyeongtaek, Hwaseong, Paju, Gwangju, 76 0
Gimpo, Icheon, Yangju, Yeoju, Yangpyeong, Gapyeong, Yeoncheon
Gangwon Chuncheon, Gangneung, Donghae, Sokcho, Samcheok, Yanggu, Pyeongchang 45 0
Chungcheongbuk  Chungju, Cheongju, Jecheon, Jincheon, Jeungpyeong, Goesan 51 0
Jeollabuk Gunsan, lksan, Jeongeup, Namwon, Gimje, Wanju, Jinan, Muju, Jangsu, Imsil, 105 1
Sunchang, Gochang, Buan
Jeollanam Naju, Gokseong, Jangseong, Damyang 74 0
Gyeongsangbuk  Andong, Goryeong 36 0
Gyeongsangnam  Changwon, Jinju*, Tongyeong, Sacheon, Gimhae, Miryang, Geoje, Yangsan, 1,095 88
Uiryeong, Haman, Changnyeong, Goseong, Namhae, Hadong*, Sancheong,
Hamyang, Geochang, Hapcheon
Total 65 1,482 89

*Region where angular leaf spot of strawberry occurred, Sukok, Jinju and Okjong, Hadong.
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Fig. 1. Survey of bacterial angular spot of strawberry at Okjong,
Hadong and Sukok, Jinju of Geongsangnam-do during February
2012 to January 2015.

ek w28 YA sl 42,
FARE Ao® tebgth ol AL @

A Sl B Sl B AR P e g A el
Qlglth 20119 T} 20124 A
FA $2Ho A 2E B FRE

g Aol e A8 AEEIo] el S 5

e
o

_vasicola
X_perforans
X_bromi
X_cassavae
X_codiaei
X_cucurbitae

X_pisi

_|ix_arboricola

X_arboricola_pv._fragariae_BC2633
X_hortorum

X_campestris

_I: X_cynarae

X_gardneri
X_fragariae_ICMP5797
X_fragariae_ICMP6646
X_fragariae_Korea_strains
X_fragariae_BC2719
X_fragariae_ICMP659

0.006

Fig. 2. Phylogenetic tree constructed by MEGA software on the
basis of the concatenated sequence of the four housekeeping
gene fragment dnak, fyuA, gyrB, and rpoD.

Table 3. Biochemical and physiological characteristics of Xanthomonas fragariae strains from Korea*

Characteristic

X. arboricola pv. fragariae CFBP67717"

X. fragariae LMG708" Strains from Korea (n=19)

Gram -
Mucoid growth on YDC
Growth at 35°C
Growth on SX
Starch hydrolysis
Esculin hydrolysis
Protein digestion
Litmus milk Alk
Ice nucleation
Acid from:
Arabinose +
Utilization of:
Glycerol +
Melibiose +

+ 4+ + + + +

PT, pathotype strain; T, type strain; YDC, yeast extract-dextrose-CaCO agar.
*Methods were as described by Schaad et al. (2001) (The American Phytopathological Society, St. Paul, MN, USA).
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%5 2001; Roberts 5, 1998), T & (Janse 5, 2001), restriction
fragment length polymorphism (Roberts -, 1998), repetitive-
sequence PCR (Opgenorth 5, 1996; Stoger 5, 2008), random
amplfied polymorphic DNA PCR (Pooler -, 1996), MLSA (Young
I} Park, 2007) o2 EA AU F Woll F3 Aol &
Holx| okttt gt=tof| A B2 & X fragariae] A AY 2
A s}shak-g- EAJ 2 Van den Mooter®} Swings (1990)2] 2 1+
9} X. fragariae 2] th & F3(LMG 708")2] EAJ 7} A 2514 1,
D7) | A ulE 1 (X, arboricola pv. fragariae CFBP 677171t
FE 3 2ho] & B ¥ thTable 3). £2 € Al#E-2 Gram 24
o] 3L, YDC i F7] ol A HHA A4, AE7F=l, B
52 FANEES B AL, 35°Coll A A, SX vl 7] ol A
27}, esculin 7} 3, Tl 2 B3] arabinose S ©]-&-3F AHAY
3,737l 2 A& melibiose ] & 5 W= E S
o} 2.2] 2 litmus milkel| A &712] & A Al 31 % tHTable 3).

AHEE AR wheEk Al Q) Al ST REA LR Al 2B
59 £ FEE thEA 2L 5= AUrHAit Tayeb 5,
2005). Young 5-(2007)-& Xanthomonas<; 7| 2550l A AL-&
¥ fyuA, dnak, gyrB,ipoD AR E S 5L T 2EFRIES
TEE 5= ATh 2 Aol Al fuA, dnak, gyrB, rpoD - &}
£ AHESto], ol A 28 B R TS &
FAA A7 B HFd S EASHATH 2AHE BN
T LU 9] dnak (940 bp), fyuA (698 bp), gyrB (865 bp), rpoD
(873 bp) FARE2 X. fragariae ) & 52 7+ §-7A4+9] &
71X @2t F stk = ol A &2 X fragariae | gyrB,
fyuA -7 A= GenBankoll 5% X. fragariae ICMP 5797 1+
ICMP 6646 Al| 2+ 100% & X] 3} % -, dnak, rpoD A A=
7t 2ol ato] 1997] 2ol & o] 99.99 A Al A,
dnak, fuA, gyrB, 1poD - AAHE-S <=Mt = vl A%k 3,374 bp
471 MLSA 9714 2 & 88 AT S B4k
= A18E Y ANZ Y 7h AT o) A ek A B4 BA A
Young 5-(2007)2] Z 3}¢} Zro] Ab8-H X fragariae 2572
2Ef¢ler LHET T £ DML
W 721 X, arboricola pv. fragariae?} th2 150l E3HE AT, X

[oZ

fragariae ™ 3 o 5=} 5 Y L5 ol Z 3= 3 thFig. 2).

D7) A 25 H Y 3ehA WA S 95t A (Alippi
5, 1989)¢t 5 A 2HgH= (Jones 5, 1991)& AHE-SHL 3o
L A1 7H o] whet WA & go] A gHA o] 31 (Stall ) Thayer,
1962), ¢F3l| & A2 = L of(Howard 2} Albregts, 1973)
A 5 A7t FHET Y=ol A L& 271A
W 5 5 B7IAAEFYE AFAH 252 484 3
A & THSmith 5, 1992). B7] F-82Y T AFAS Ho
= F. virginiana (US4808)%} F. virginiana X F. x ananassa L8l &
(US4809)¢] H 31E] o] Q) © 1} (Maas 5, 2000), 7| EFEL
D7 N2 FH Yo o] et ALz Hu g
(Desmet 5, 2009). Z| L Aol A A= Ao A Zuf = 3L
=7 E % 2 Sieger7} X fragariae®l| A3} 0.2 B 15 Q)
S HPérez-Jiménez -, 2012) A A 7R A 2 0. 2 PALE =
D7 EFTEL QAR RY o ez A 9
CHBestfleisch 5, 2015). W ol A A =1L = B7EF5=
) 7N F R FH ol ek A7 2AF A ol A A
Hi =3 Q= 5 e, % 5 A3 Bl AHEE 18F
FTE2 1A EF502 A A E ZFE](Sweet Charlig;
Table 4. Strawberry variety reactions to infection by strains

BC3191 and BC3195 of Xanthomonas fragariae in tests 1 and 2,
and an overall rating two week after inoculation

Disease reaction

Overall
rating

Strawberry

variety tested Test1

Test 2

BC3191 BC3195 BC3191 BC3195

e
I
N
N

Geumhyang
Daewang
Dochinimine
Dochiodome
Red Pearl
MaeHyang
Benihotbe
Bogyojosaeng
Sajjinoka
Seolhyang
Suhong
Sukhyang
Sweet Charlie
Ssanta
Akihime
Okmae
Jukhyang
Festival

A DA DA DDA DDdDDdDDDMDN
A A2 DdDDdDDMDMDAMDDMDDDDDDDD
AP DPDDPDdDDDDMDdMDADAEDDDdDDdDDdDMD
A A DA DdDdDDdDdMDADAEDDDDdDDdDDDADN
N ununmomoumoun unmn onounum nom oun on oun oun oun n n

S, susceptible.
*Resistance rating based on Maas et al. (2000), two weeks after
infiltration to leaves with the bacterial strains, BC3191 and BC3195.
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Lewers 5, 2003)2} o] ZrrAl o] A th(Table 4). & &5
&A% 3ARE AF AN FAA R ST S}
& ool AEEo] BARAT 1Y FRE YUR
371240 2 Wat T )= iek. ol 4ol AT Maas 5
(2000)9 A @AY Tu= ZAZ WA A== B7F
FEo A4 S 49 LA ST,

fr e

off

0]

(o]
=

20129 119 27t A2 G| A FREy s
A EE2E AT A= AFE=E AT A
1 4821n7}gﬁ7¢~ ZAVSH A3, A AFA 24, 5

S 8857t ER I AE Y 157 EG o A Hol &
*Jﬂﬂ‘”ﬁ} Hof A e 232 e 5 H A Th
2012\ 2€ o A 20159 1L7HA] B ZAFA] =3 8}
ST ST BT T TS 2ABFAT 2012
9 129 AP A =22 45% LAY & ZF43lo] 2015 1
%Wl oF 5% LAY QL £FH-2 201319 1149 38% LAY

23814 20159 19 oF 5% LAY 3T &2 Al
é% ZApsr ot A 2| Y gket A 542 X fragariae ) &
w72 X SFA T B 7)Aot 2 H 9] dnak (940 bp),
fyuA (698 bp), gyrB (865 bp), rpoD (873 bp) A A= A2
3374 bp G719 MLSA B4 A2 D7 Al d 2o of
F et vlagt 23 mE F A= 100% LA SHAT X
fragariae BC31912} BC31959] T3t B7] 52 AP S =
ARSFRATH 2AHE R E F52 BN 2R ol FaAd

Ot EEFFTES AT 2F T AFT FAt YA &
FE A AYAY S5 4= H7HE A

oHHlJm

J[m -101
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