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Bacterial leaf blight in carrot is one of the most important diseases in the worldwide. In the past decade, its
introduction into Korea is causing great concern due to the potential damage to carrot crops domestically.
This bacterial disease is caused by Xanthomonas hortorum pv. carotae (Xhc). This study aimed to isolate and
identify bacterial strains from the soil of carrot farms in Jeju Island. The bacterial isolates showing characteris-
tics similar with those of Xhc were selected when cultured on artificial media. Through DNA sequencing and
analysis based on NCBI data, some of the selected bacterial strains were identified as Xhc. Furthermore, the
bacterial strains caused the typical symptom of bacterial leaf blight after inoculation on carrot leaves. The
results of this study showed the potential establishment of Xhc in the soil of Jeju Island and it may be valuable
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data for establish a strategy preventing the domestic spread of carrot bacterial leaf blight in the future.
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A AARCZ A 58 100 2z Fofl skl gl &
AH= gt Ald-AutEH-S Xanthomonas hortorum pv. carotae
(Xhaell &lsf] ‘W8l = TAF AE Ao 24 19314 A
Zu ool A A3 WA e, T FA Ak ARt gsiE
FO 2N BT FA ) HiE A 2t 2= 3
= ABAEFS A A1 FtHBastas 5, 2021; Kuan 5, 1985). 7+
H A= o E7] 28 9ol &AL E4FARE 5 WS
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8 259 AAA wag T T AdAnEEE v=
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o] gkth(Hong 5, 2020; Lee 5, 2013). 184} =2A|7F 257}
e R| 1, FAER o] F7Fghel| whet 1 5t H e ] ¢
P A i AEHYtol TR == A7 RISt
Al #4335 thHong -5, 2020).

SEuet ATz A FEAYARS 1980 o] F43] F
7¥slgl.om, 19934 o] H=2] 50% =F= AHA|sh= 5 Al
Tt F2Y FRAPLAE 9T kL glth(YooL} Hyun,
1995). 1<t B At 7= Al A Foll AFEAL T
Lol WASH= el didt Ats EAF 02 o]FojzA|
AARE a0 U FYS Adsfof gtk 247 =
3] A7) = ¢ cHKwon 5, 2007). B AleF et A U=
O] FUYGA l=Fol = B 2012 A|Fof| 4] 2A} T4
507 ZAFA] 5 40%01 4] XhZt AT o™, Hat 10%2] 2y
£< BgitHMyung 5, 2014).

kx| ofn] FUHR FUE G AlddntEY HAE 9
gtof Xheoll et =) A2F RS 2 AlskaL, Yol gt
FTAAR B7F 4 AAARI tf-g AAY 50| Bast; 7]
E g Ml dvtEE At TAL A A ol I A7t
T2 o|Fojxtt. oo ]3] & A-toA= AT T Al
EFoA Xhce] AHE RS A2 2 SRIgte = H Aujer
% E4S T A M-S AXSHY B3 Al
S AR S YT U B)0] He ARE AlFs]
fAal =gk 3ich

AT L Al BARE A=A 3 A4t 74 5 FRAY
o] Ats} =lof glo](Yoo2} Hyun, 1995), 1 & A|FA] &5
< SHe = 7de, A, 9g, oA g AEixiel
1671 57+ E= F6HTHFig. 1). 2 AR ol A= T
72X 9E EYFS 71E2 2 15am Zolo| A EF 509
= AFIste] AHe] e 5 AESL7] A7HA] 4°C WAaLe]

Fig. 1. Location of carrot farms (red spots) isolated Xanthomonas
hortorum pv. carotae in Jeju Island in this study.

Fig. 2. Bacterial colonies (A-C) and single colony by streaking (D)
on modified Kuzdas and Morse medium from the carrot cultivating
soil in Jeju Island. Red circles were selected as candidates for diag-
nosis by molecular biological analysis and the square boxes on
right sides of each figure are magnified parts around red circles.

Hskioh AT B 1 g2 At 10 mio]] o] E¢F dEt
oN-& =37 108) S)AJ5l4th B9 34982 modified Kuzdas
and Morse (MKM) (Hornsby 5, 2000) B z]of| 100 pl¥ 25
o]-g-sto] =Tgh & 28°Cof| 4] 3Y F4F vkt

MKM Bfz]eflA] 2t Fejot-2 M, 27] 223 FeE |2t
O 2 WA T I F Xhed] ST v FEE B AT,
2 a8y A m 3 wigon FO3 o (Internation-
al Seed Testing Association, 2014)2 AAsto] & Al7ut
o2 &3 FAsATHFig. 2). ol& A& A B
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Fig. 3. Gel electrophoresis images of polymerase chain reaction products of bacterial isolates from the carrot cultivating soil in Jeju Island
using specific primer 3S (forward: 5'-CATTCCAAGAAGCAGCCA-3’, reverse: 5’-TCGCTCTTAACACCGTCA-3’). Ld, 1-kb DNA ladder (BIOFACT
Co. Ltd.); Xh, Xanthomonas hortorum pv. carotae; lane 15A1-9-15A13-1, bacterial isolates from the carrot cultivation soil in Jeju Isalnd. Arrow

indicates 350 bp.
o} 23 ol et S 2y 37 24 S ot 22
2 Q3 o FHIE H7|% A HEY e 2 FAU 54
S zrolf|7]7} o3& 7397t EAYsTHKim Y} Jang, 2012). w)
A 2 dFolM e Se 2 i Fo A4S Wt T St
= 9ol 23t A+t DNA d714E &45 83 5 8=
S35l

B3t A2 Xheoll Eo]F 2 2 350 bp 27]9] §A47}

£ A5 PCR ZZ35}¢th(Bastas
1; Meng 5, 2004). Z+Z Al++2] total DNA 2 ul, Z+2-2]
primer 1 pl, 10x buffer 5 pl, dNTP 1 pl, MgCl, 5 pl, Tag poly-
merase (iINtRON BioTechnology Inc., Seoul, Korea) 0.25 plo]
UHR= 32} 22 4E5 A ¢ total volume 50 plZ cocktail
& 53310 2H4331aT 2H4E PCR cocktail2 PCR Thermal
Cycler Dice TP600 (TaKaRa, Tokyo, Japan)& AF-8-3}¢] 95°Co]
/q 5E denature 3, 94°Col|A] 15%, 58°Col|A] 20%, 72°Coll A
Z 591 A5t & 35 cycle WHE- 5 72°Cof|A] 53 52 A
o}o:] 3| DNAE = Z35}9itHBastas 5, 2021). =Z%] DNA
+ 1.2% agarose gelof| A A7]%952 £3}o] DNA S5
£ 5ttt E3F 5= DNA sequences E4HEAA]
Macrogen (Seoul, Korea)ol| &]2|3}o] A5G A% A&7
+= National Center for Biotechnology Information (NCBI)£]
2 H|0] %] 9] Basic Local Alignment Search Tool (BLAST; http://
blast.ncbi.nlm. nih.gov/Blast.cgi)& o] &3} 5E5] 3=
N2 @714 D3} v|wdte] 543853 Molecular Evolution-
ary Genetics Analysis (version 11) softwareE A}-&3}o] A13)
W TE xheo| A7IHAET AT 2L shoich
MKM BixJoll 4 252 Be7h 9H4 Xheot AYEE 2 % 9
92 137 FE2& A3}t 152 DNAE Xhe )& primer
352 ZZ3 A3} 15A10-1 #FE A €5}l 25 350 bpo)

_YE

ZZ on

DNAZEHo| FZE|{r}(Fig. 3). EIF H|WFE 0|83t F&7]
B o)) 4] BoF vk Xhce (J12001)8] Y F7)9] SHA} 2 E
=9t} o] 2 E3) 15A10-1 F2E A3t 1271 F37} Xhed
7he/do] ok, At 79| Boh At 5 Sl 5=
3t DNA 2 E2-S sequencingd}to] NCBIZ £3f| BLASTS o]&
sho] FA5HEEY 15A10-1 #535 A|YstaL 127 #59 &
5 Xhc2 =L, 15A10-1 F52+ X. comperstrisS] 57
%tk (Table 1).

XhcZ FAH Mt Bt Aot 54 $Jsl Z32] WA
OJAstA A HE A= *E‘/\lﬁ‘}ﬂ‘:} A HE A= St
FLZ2}H(Dream?7 —'—)% 50°C &59|A 208-7F 28 A =StH
< ahFsto] 190 e & %5174 10cm ZEZ 7
4o] 3-440| ANE B BE-& HE ol A3t

w2 TF 5 15A9-1 5 % TSA Hlj%]o]| T=hslo] 28°ColAf
2407t FRt HjFR & B E o835t FEe A= $

UV/VIS spectrophotometer (Optizen POP, Daejeon, Korea)E: ©]
}01 1.0x10° cfu/mlo] =2 ==& 24519t 2 UL
= AlEA O] 5 HET T AisE 99%1 AAHDA-DC,
DONG A, Siheung, Korea)o| Al &%= 28°C, 24A|7F 59t B3t
T 2% 28+1°C, & 80-90%F A5l = Al EH|dA R A
o] yehd wi7hA] ulerstlth v nt2s HE XS0l
& {2 Xhe (120015 AHE-8Hom |2 vl at= HE
£ 27013 AF $ 25 FAFY B Yol
Hho] L}EMZ] 2 IAITHFig. 4A) 15A9-1 FFTE 4ET A
& B2 Xhe FEFH S HET T Hollxle T2 Al dnt
S8 AFA QI HA o] TEE|ITHFig. 4B, O).
AT T Al BdolA E2et Alet &5 15A9-19}F 5&
ok ,:P T Xhe (120015 53 A1912Q1 AF
2 QollH YRS 5x5 mm’ 27|12 Hek

ot

£ e e HE
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Table 1. Identification of isolates from carrot cultivating soil in Jeju by analysis of DNA sequences

No. of isolates Primer Scientific name E-value Accession no. Identity (%)
15A1-9 3S Xanthomonas hortorum pv. carotae 1e-93 AB795020.1 100
15A2-7 3S Xanthomonas hortorum pv. carotae 1e-131 AB795020.1 100
15A3-3 3S Xanthomonas hortorum pv. carotae 6e-148 AB795020.1 100
15A4-6 3S Xanthomonas hortorum pv. carotae 7e-142 AB795020.1 99
15A5-1 3S Xanthomonas hortorum pv. carotae 2e-133 AB795020.1 100
15A6-1 3S Xanthomonas hortorum pv. carotae 4e-143 AB795020.1 100
15A7-1 3S Xanthomonas hortorum pv. carotae 2e-142 AB795020.1 100
15A8-1 3S Xanthomonas hortorum pv. carotae 7e-137 AB795020.1 99
15A9-1 3S Xanthomonas hortorum pv. carotae 3e-141 AB795020.1 100

15A10-1 3S Xanthomonas campestris 4e-124 CP011256.1 98
15A11-1 3S Xanthomonas hortorum pv. carotae 4e-134 AB795020.1 98
15A12-1 3S Xanthomonas hortorum pv. carotae 7e-137 AB795020.1 99
15A13-1 3S Xanthomonas hortorum pv. carotae 1e-139 AB795020.1 98

Fig. 4. Carrot leaves H,O-treated control (A), inoculating with Xanthomonas hortorum pv. carotae (Xhc) JJ2001 (B) and bacterial strain from
the carrot cultivating soil in Jeju Island 15A9-1 (C) at 25 days after inoculation. Gel electrophoresis images of polymerase chain reaction
products of bacterial isolates re-isolated from the artificial infected carrot leaves using specific primer 3S (forward: 5-CATTCCAAGAAGCAGC-
CA-3’, reverse: 5’-TCGCTCTTAACACCGTCA-3") (D). Ld, 1-kb DNA ladder (BIOFACT Co. Ltd.); 1, Xhc JJ2001; 2, bacterial isolate 15A9-1. Arrow

indicates 350 bp.

3] 19 2FotADAYE §L 70% Y F-&-S o]-8-3te] ¥
oA AT A22AL RE WEDS o] g3} 4
Ho 2 ATt & Hi<= 1 mlE YL 1027 vortexingd &
A5 100 plS TSA v X]of] =3t & 28°Cof| A 3Y 52 ulj%F
SFRTE vl gt AlatS] total DNAS EFolA E7t Al +F
Fox et FLe W o7 &S E3F o5 Xhe £0]
Ho 2 wabon] 355 o]83lc] PCR Z-Z5}5ck 52 DNA
1.2% agarose gelo| A A7] =3t E&] 45 15A9-1

9} B -2 o5 Xhe (1)2001) 5 350 bpol|l A FZES &
oI5+ th(Fig. 4D).

Xhe= 1931 ] U o}oj| 4] Pseudomonas carotaet}= o]

01r1 m*

E0o 7 TAEtHKendrick, 1934). 0]% 19393 A28 25
AAE ARtstod, Pseudomonass oA k=t o] E2UE §
A= #F& Xanthomonas4: 0|2t o] 2 2 A EF3H
th(Dawson, 1939). BHE|2jo} E738Ho| A ‘pathovar'gl+= &
o}7} 1978\ o] THEoF AL, pv. carotae?} X. campestris 52
2 3= HYoung 5, 1978). Xantomonas comperstris pv.
carotae= 1993 4o]] DNA-DNA ZHDNA-DNA hybridization)
AT WS Sl HFH 2= X hortorumEE L= T-2H T
(Amann <, 1995; Palleroni 5, 1993). WA o] 3t A2 <
2o} &vg9] W3te] oJsf Xhc@t X. comperstris 712} F-AHd o]
w9 =t & 4= 9lth(Dia 5, 2022; Dupas 5, 2023).
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Fig. 5. Phylogenetic tree analysis of Xanthomonas hortorum pv. carotae (Xhc) from the carrot cultivating soil in Jeju Island (15A1-15A13),
strain Xhc JJ2001 from National Institute of Agricultural Sciences (arrow), strains registered in NCBI including strain.

IN

PCR 7]%]-& A2 1651} 23S IRNAS ZZ35}o] @7|A
2 BAFHE o ol g3t W OR B R AN £3) 29
ok 2 AFoA Q1F viRIoA FEjA 22 Xhet AR 5
4= U= Alet] DNA §7] AES &4 23t Xhe
o oYzt X. campestrisZ ‘SRt Table 1). o]l = T2 &
ToIAE Xhc2 AEE thFZ 2] #F7F XheZt obd ThE F
9] Xanthomonas2. 2 EA == A7l B 1%tk (Dupas
5, 2023; Moriniére &, 2020; Ritchie®} Dittapongpitch,
1991). At} Xhed 5= a3t FEE A pathovar 2o
£ oju] uE Yy FFE FABTHE 202 423 X aberi-
cola & X. campestris2 153}%]0] 91ith(Hong 5, 2020;
Merda 5, 2017). A58+ &4 it AR #2052
Z UHRIL AT g Bl 27 Xhe 137+ 257
FE2AZT A A B T2 3 Xhe JJ20012} NCBI BLASTO)|
28 27 3 shbel Xhe 353 80 2 TATA} )
+ 22 2 YebthFig. 5).

Multilocus sequence analysis (MLSA)+= 1998 £E&
b2 BAS 95 431 5 7o) ABWAA BAS FEHE
WO 2 At Hoh AEst 542 ohe bl ol 85
(Koehler &, 2003). MLSA A|A1= A& o2 X Eo] 0z} A]
A 58 BE AR AT 5L /N0 sho] AT 7o) o
74 0|5 Yo A Xhe2 FHE B F MLSAZ 57
3t A3} 11 Z AT Xhe 2 B3 EHCatara 5, 2021). &
Aol AE HZ MLSAS B3 548 AASHA] QAT Xhe
S0l primer o} 3] FEH 4 A% 4B BLASTE B

oft o

3t 57o0] o] o7 wak 259 W] ot ATHE T4 &
23t Aol Xhez E4E AS Sl 4 A3k

waba AR Al 2okl Ralgt Ald 5 2
Ao ol T Al FUutEHS orle AEEaNE
ol Xhe2 AUANA FE0] Fehd 4 L DNARY| M
NS B3 BANESY 5402 1 24} BRI, 2
AT AT ARE B Xhed] 24 7H5AE ARSI O
© 2ol T At By A STE et o v B
A m 2 A 77 AT R,

2 o

T AlE A EHE AAR L2 7P 583 Hof &3tk
At 109 A FellA A2 Iag e =28 g ik & 919
o] Bl=ro 2 7HEQ]c) YlatO 2 Xathomonas hortorum
pv. carotae (Xhc)o|H 2 A= AFE FZA A Bl A
o] M-S £ TSR AYSHATE £ T Al F 2UF
vz A +F-9] FEj7t G Al St FARE Al
wF& wefsto] Aok B3t o] AYE Aldt =&t
© 2 DNA 7] A|€3} NCBI A= & 53l B2 =2 Alto] Xhe
2 2 FAEHA: At o] & Alet& B ol HEsEY
T Al e A1 WA o] UElth £ A At
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