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ABSTRACT

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 characteristics 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. The results of this
study showed the potential establishment of Xhc in the soil of Jeju Island and it may be
valuable data for establish a strategy preventing the domestic spread of carrot bacterial leaf

blight in the future.



A MAASE AA FQ 10t #E Fol syl del dAskeE @
Al S8 Xanthomonas hortorum pv. carotae(Xhc)oll &8 A= E2F AGA
Al 024 1931d A EYofel A A5 daElon, g T2 ABike] At

A FowA BT T4 £E UU A9 2ddn A% g2 YATS

i)

ZF A T} (Bastas et al., 2021; Kuan et al., 1985). 49 ¥ S2+= 9, 7] 71

P

of
r
of\
_>|i
n
ol
o
o
V8
>
N
rlr
oft
rl
1o
K
do
o9
of
r
|o
fru
oft

2 A AR W oh e} g
FAE £ AGeIME Fo waAlolth. vFA Garste Ea PFF

40%= AN A2 FF3FaL 21 2 (Gilbertson et al., 2002; Scott and Dung, 2020), -$-2] U2}=

)

ZA4e] 3959 JEEI} Fot FAEA 50| o] Fold HEo] i, B

T8 &0 AAA Al E T G AU v =) of o] F Brb ol et
A Q1o A &= WA ¥ 9] S ™ (Leeetal., 2013; Palomo et al., 2021; Pfleger et al., 1974), -
Q) B3} 3l 0] A = of| A = 20121 of] 215 2-A o] E I tH(Du Toit et al., 2014; Myung et al.,

2014; Nishiyama et al., 1979). ©] 2] 3+ 1 9] & A] 21 51 9] F9]-& Azt A A2 Ja) =

—~

ek s Q7] wiikel AlAl A=l s AT Fule] Aos Fsko] A=Y

Jo

& ARl Abebele] AL o ol Shrk(Lee et al., 2013). 3 9] 1) Wl FT& AFkshA]



TEEo] PBejwo] ghrk(Lee et al., 2013; Hong et al., 2020). 221} =A%t wF7}

s A i, Fabes o] Tl wel 1o Eqh B gkd Ao i

o
fuj
K
2
N
ofl
ry
=2
=z
rE
iy
flo
A
H
1o
(&3]
(e»)
X
o= ol
2
)
lo
3
N
il
N
N
ol
=T
2
N
1o
kr
N
e
offt

3ol Quh( 12 a2 &, 1995).
IRt AT FE AN AY el AE A Fol EA sk W El S ol
T BAA o= o] FolA A APAN W T2 Sl Frd S Apkaof k=

3] A7) = vh(Kwon et al., 2007). 3 A7 ArE1E 3% =

=
i
1o
Jo
hinss

AA wHo| & &t 20129 ATl FAF Wi 5070 AR T 40%°1 A
ArkES AL A oM B 10% W] AltelrER T 4719 XheE T
Azl vk o] % 2018'd 7 2019\ of] Al &ako] W = o] K. a1¥ Itk (Myung et al., 2014).

Xhe] =l -9lo] SR1E AL 17]o BAA gl et thulE #18ke] Xheo 2t

deHor 4 42 Ads sdsed <77 Hn 4,



N
"o

Mo

i

il

0

A
=1

e, el

A ¥ tH(Goodfellow and

23E

sheleto] #@at7] A

3l A=A

By
=

ol

ki3

#ol ofu

Hjo

O'Donnell, 1993).

e At 239 A, 2],

S

ALY NS 573

14 ¥ ©H(Kim and Jang, 2012).

S

<4

B

Tor

& soll whet 7 F o 42, A7,

od

1

2 27l

=
<

oFu} 7] 7} o] ek ATkt

ES

9

/é]—

pilA

H71A] o]

kit

S

et 7] =

el

[¢]

ki

714 Lol

1 TH(Kim and Jang, 2012).

[}
PN

=i

19873 Ad Hoc ¢l 3]ofl A Al ¢35 2]

Z3FS TH(Wayne et al., 1987). -7 A 9]

A=

s>

7 oA A

gl
"L

o
3

Pl

o Wl

o
=

ba olell uhel, x4 @714

o vl

CREHEE

Aol

EEERE

d

1o

S

(Coenye et al., 2005; Konstantinidis and Tiedje, 2005). “1Z]

[
=

pi

& Ale 2] DNA 9714

punt

3

592 9

1A
S|

ksl
o



SFC}H(Wayne et al., 1987).

3

3

= o
R

ol
T
g

=
=

Hele A T,
= Sl T} DNA sequence

feig
=

1

PN
R

ko]

1Tl DNA

go7F Ak AR HA e}
3lo

=

3t
s}

=

ChH(Hawkins et. al., 2001; Pushkarev et

71
Hol &

=

=

1

of ¥

il
/\C‘)] 1=

Fut

Alate] Bt

1t

2

=

=1

=

DL ER Ve vERE FRY R
Al

fAe BaA 7129 DNAQ o

al., 2009).

—_
110

N
of
;Oﬁ

H

i~

g

Mo
)

—r

0

1o

]

?‘q—o

QA e

Z

~
ﬁo

i

Aol B3 AL TR o] Fol At

T

N
Nfo
J)

SR

)

Aul EFel A Xhes] BE oAFE F

AT H

1

L

ofe] mlal] & Aol

=

»A
i

bof gt A ehE

e ANE

d

=
o

3o
ol

S

o

3

PN
T

=

=

A

i

&

9

11 9]

(9

a3l

[€)

A5 E Al

-

R

St EFo] &

= THS

o

A 4



II. 97A}

= AT T2 H A Xherb 3= o] 31+ X. hortorum ¢ A o] 534

o] AH= Xanthomonas 452 & 2 31 23181} X, hortorum €41 & th1= o] A 9] o -

slx]of F-23kaL 3l th(Diaet al., 2022).

Xanthomonas < X. hortorum 2] ¥ €l 1< pv. carotae, pv. vitians, pv. hederae, pv.
pelargonii, pv. taraxaci, pv. cynarae. 12 3. pv. gardneri = & 7718 =23 552 -7
w o] 1t X. hortorum= W& A 0 7]= oM & = 150 sAtE, Yol A& of

A A Eo]| 7k o 3L w]| H

¥

AAES &l 750 A L dAAL] HAR
oo §S Ao o §ltk(Diaet al., 2022).

A W7 oA HA YA o] viglelal, T AF) FAbE 1Y% S
7vetgith A&, TA 9 Ve A =
o] 2L x| o7 {3 % Ay it} gake X, hortorum pathovarss= % 7+

TAF = A A o] Ak o8 dukE v np

R

s} wlol] o F7hw HAbE AL} A4
A ARET EFAN AED 5 9o

3 ol A Mdto] XheE 2] 9l th(Kendrick,

X. hortorume] 2]t Hx=Z WASE AW H = 1890t = A& 227,

1894 H oAl Y2 A] ofoln] o] A4

HE

Ik 3 olE ] og wak 99T

(Lindau, 1894) 18983 7} 1907\ Z}tZ} w] = wjALS= A 2o A Algkg o] AldAdvlEH 3}



2330 Al b S a8l < Bacterium vitians ©f] T et # 20 78 ®
= 1918 o WX E QI TH(Brown, 1918). 1 & W& A olo]H] oA Bacterium
hederae”} B.11.5] ¢l 37 (Arnaud, 1920), *§ = #ll 2}55 ©l| 4] Bacterium pelargonii7} 2] =] ¢l
t} (Brown, 1923). B. vitians, B. hederae £} B. pelargonii= X. hortorumel| 4] Phytomonas<s
© 2 A% 2 cH(Burkholder and Guterman, 1932; Moriniére et al., 2020; Vauterin 1995).

Xhei= 1931 2] 3 U ool A Sacramento Valley A4 B EF 2| & of| A - F=2}
Aoks A8 Ao w2 AujE Ftell A HEE gl 1932 d el B 9lska 4] 7teh
WAl 0 2 Apgkato] FAF bkl st &Aoo FRtE . =7 F $ AL HER o]
7130 3 QAT THA, ZT) el 7k A A EFHE Fkele SA S ARem 2

o] 25T /?DL

o
oft
<
iy
il
ry
i
et
ol
32
32
v
>
4
He,
d
=
ulil
o
o
Jo
i3
ol
rlr
>
£y

Phytomonas< 0. % 573t AFstolA] @8] M A oE2HY F29 vEHE o=
o] ol Arg ¥ %] &2 A0 7 FhFelal, Wt o] Al vEH S Ao 7= v glot 2
E A A A X Pseudomonas carotae®ti= ©] 5 0.2 A|AF3}FS th(Kendrick, 1934).

0] % 1943d M ZE - EFAAE A skste], Pseudomonasss S ol A mwkA o] =

ZYE A3} 45 X hederae, X. carotae, X. pelargonii, X. vitians-S Xantomonas<; ©. %
A 55731 tF(Dawson, 1943; Starr and Burkholder, 1942). 22 3] A& oA A5 B ¥

HAJol W15 o] nlEH S A © 7]+ v ol X. taraxaci = A 7 ¥ 91 tH(Niederhauser,
1943).

19743 Dye¥} Lelliotte]l ]3] Xanthomonas <ol thdt AuHkA <l A o7}
Pseudomonas<; ¥} 7 8} %] = XA R £ 0] G e A Yol el A A ehskr]
Fof £o] AgtE X = okgttl, ob4 B ¥ Xanthomonas 5% X. hederae, X. carotae, X.
pelargonii, X. vitians 2! X. taraxaci<> 1980\ o] # % 2] 5l FHFo] Wi 7| 71=] 7

291 Xantomonas % © % 7+ ¥ 91t} 12 8ho] AnkA © % X, campestrisSh T 5 ¢

S 7



A T HAE At Az 8T 5 gle & Y o5 S % X. campestris®] ¢ A
2 A<FE] 9 tH(Dye and Lelliott, 1974).

o) Wel st Aol AlF WY 42 A7

o

% 3}o]

Hx
-\
i)
1o
i
N

|

o7 §77]

N

A& A7 eh=tl AR5 = 89l 5014 8o “pathovarE 2= W4 v golE &

b =4skSl A, pathovar’t =% % 7] A7FX]= X. hortorum pv. carotae’} X.
comperstris & . 2 3Z3F% o] 3) 2 tH(Young etal., 1978). X. comperstris pv. carotaei= 1993
ol DNA-DNA 1 7H(DNA-DNA hybridization) 917+ {3 E3 22 £ X

hortorum pv. carotae = -+ %] 1 th(Palleroni et al., 1993; Amann et al., 1995). X. hortorum

1o
ok
1
1
re
gl
S
1%
12

A 9 AshE AYeht BHSHA oAbE 2000 % & A

Olt

[}
=

o

=

o
=

F78h4 A 2 %5915 2 tk(Parkinson et al., 2009; Young et al., 2008). ©]
23 A E A 92 9} £ o] Wslo] o) Xhes} X. comperstris?Fe] A o] w9 =T}

gt 4= ¢l TH(Dia et al., 2022; Dupas et al., 2023).

R



=0

H

1. A} 5

Ag = Al EFel A Xheel A

L —
T

A el A

=

bol AT @t Aate] Agks) w0

S

SFAE 17

shelatarat

i =y

A

3

A9 b5

s

C

)
%

ojy

—
file)

x
NjJ
—_

e,

B

A74A] - 4°C Y7 are] B3

o] de 5 ALgs]

Fof %3]

)

A=

S
=

50g

afod

11 10MN-8% 3 A

NS mlo] g 73 IS o] &3] 100 0 modified Kuzdas

3| A
A

Foich 100-8E S 3

S

AHg

3Fo] A A =3k

£ ol &

kv

and Morse(mKM; Hornsby et al., 2000) Hl %] o] &3} 5] 1L 5



reEe B B ey £

o
4

<
S
o
)
’IG
-l>
3
3
w
=)
~
3
3
O
<
@
n
_|
>
N
o
'_\
)
N
HN
|o
il
Ho
r (o]
offl
oX,
ol
2
2
(A
M
A
rE
|o
U

75 A5t Ad2olA 1 A A5 PSS A7 $ -80°C A2 Yol
HEstlch A3 A Habg & A2 8l 5 35ho] AF&-3F3ItH(Moriniére et al, 1995).

3. 827 BABESE FF

3-1. 23 A7 DNA 527 PCR &

2] A1t 9] total DNA %2 18l H3E o5 100 plE 3 ml TSBol 3 71514



28°C ZI &% 7](HB-201SL, Bucheon, South Korea)ol|lA] 80 rpmCS = 3 A &<t
Agujeretditt. AFMEd 3 ml F 2 mlE 2 mPfo|ARRFEZ FA A

A ESHA 545 915F9] DNeasy Plant mini Kit(Qiagen., Netherlands)E ©] £ 3}¢]

AT G BEolMe] A vedds &ddstr] 98 WA total DNAC]
AR ES A TS A ITS 97] MY F3ES universal primer 27F(5’-
AGAGTTTGATCCTGGCTCAG-3’), 1492R(5’- GGTTACCTTGTTACGACTT -3’)= PCR
Thermal cycler Dice TP600 A3} 0. 2712 94°Col 4] 1min denature 5, 94°C ]| 4]
30 sec, 57°Coll A 30 sec, 72°Coll A 1 min E<¢F 2] 2]3Fe] & 29 cycle HHE 3= 72°C o A

1min 5<%k 23t 3ld DNAS 3535131

o

o] Xheell 350 bp 2719 FHAAE EolHOoF FFHA7|= specific primer
3SF(5'-CATTCCAAGAAGCAGCCA-3)'?} 3SR(5'- TCGCTCTTAACACCGTCA-
3)E AFE3Fe] PCRS 533 tH(Meng et al., 2004; Kubilay et al., 2021). 2+d ¥ PCR
cocktail-> PCR Thermal cycler Dice TP600(TaKaRa, japan)= A}8-3}o] 95°Co| 4] 5 min
denature 5-, 94°Cof| A 15 sec, 58°C ol 4] 20 sec, 72°Col| 4] 30 sec &<t #] 2] 5191 & 35 cycle
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BlastE ©|&3to] TFHo] Q& vl 7T Xae Y Xcampastri o 1071 &
FNM LS o] A8kt o] F 2 AFelA e 15A1-9~15A13-12] 1371
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1 B2 AZATHEE AR L RE2A}

e G AN AR O Bah /el AHATE @I LS 919
sh922 AE Sk w A Akl A ol AuE SR ek 2 AT E AT g
Ae EFel A Xheel AE ARE HEE Helstel ARG F EFS BU A

AL AAST G ARATEY B AA FHS FYPtE N EARE 99

AFANM = =4 de Qe FHE wol=d o= AFAAS 26t
7159 54, s R f718 &9 Wi 59 FE e Bl o] Thestth Al
= Al YA ST R AP FETF EE ] = AFA 3 EA 24
A o] st = of vk (AlFs w4 71= €, 2021. https://agri.jeju.go.kr/dongbu

/local/status.htm).
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213 22 F 2ol AA i A ZF R o] RSk AT T F-A1 9
T3y ek, e, A, 2, 93, aela B o] I A E e
®

ATelM = F 2070 F7He] EFe A 8kl th(Figs. 1, 2).
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F : Gujwa-eup Haengwon-ri 447-1, G : Gujwa-eupE 1i 1260-6, H : Gujwa-eup Haengwon-ri 1260-31, I : Gujwa-eup Woljeong-ri 251-3, J : Gujwa-eup Woljeong-ri 1016-26

W -

Y

P : Gujwa-eup Woljeong-ti 1774, Q : Gujwa-eup Woljeong-ri 1400-13, R : Gujwa-eup Gimnyeong-ri 467-1, S : Gujwa-eup Gimnyeong-ri 84, T : Gujwa-eup Gimnyeong-ri 497-3

Fig. 1. Location of area cultivating carrot where soil was collected in this strudy. Hado-ri,
Pyeongdae-ri, Gimnyeong-ri, Woljeong-ri, , Deokcheon-ri and Haengwon-ri form a boundary
Gujwa-eup (A) Haengwon-ri 1260-2, (B) Hado-ri 2641-1, (C) Hado-ri 2635-1, (D)
Pyeongdae-ri 466, (E) Pyeongdae-ri 465, (F) Haengwon-ri 447-1, (G) Haengwon-ri 1260-6,
(H) Haengwon-ri 1260-31, (1) Woljeong-ri 251-3, (J) Woljeong-ri 1016-26, (K) Woljeong-ri
1892, (L) Deokcheon-ri 625, (M) Gimnyeong-ri 308-1, (N) Gimnyeong-ri 181-3, (O)
Woljeong-ri 1813, (P) Woljeong-ri 1774, (Q) Woljeong-ri 1400-13, (R) Gimnyeong-ri 467-1,

(S) Gimnyeong-ri 84, (T) Gimnyeong-ri 497-5.
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Fig. 2. Location of carrot farms (red spots) isolated Xhc in Jeju Island in this study.
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Table 1. Morphological standard of the colonies isolated from the soil cultivating carrot in

Jeju Island.
No. of group Morphological standard
1 Light pink, Convex, Mucoid.
2 Light yellow, Convex, Mucoid.
3 Pink, Convex, Mucoid.
4 Deep Pink, Convex, Mucoid.
5 White, Clear, Watery, Cloud shape.
6 Pale yellow, Convex, Dry.
7 Pale pink, Convex, Dry.
8 Cream, Convex, Dry.
9 Watery Apricot, Convex,
10 Cream, Cloud shape, Dry.
11 Red, Round, Convex, Mucoid.
12 Pale orange, Round, Convex, Dry.
13 Deep yellow, Round, Convex, Dry.
14 Light pink, Dry, Round, Convex, Mucoid.
15 yellow, Convex, Mucoid.
16 Dark orange, Convex, Dry.
17 Watery yellow, Flat, Dry.
18 Cream, Flat, Net, Dry.
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Table 2. Blast result of bacterial isolates from the soil cultivating carrot in Jeju Island.

ii?é;fs Primer Scientific Name E Value Acc:lzs.sion Identity
15A1-9 3SF Xanthomonas hortorum pv. carotae 2e-132  AB795020.1 100%
15A1-9 3SR Xanthomonas campestris 3e-120  CP011256.1 97%
15A2-7 3SF Xanthomonas hortorum pv. carotae 5e-148  AB795020.1 98%
15A2-7 3SR Xanthomonas campestris 3e-145  CPO11256.1 97%
15A3-3 3SF Xanthomonas hortorum pv. carotae 2e-161  AB795020.1 99%
15A3-3 3SR Xanthomonas campestris 2e-147  CPO11256.1 97%
15A4-6 3SF Xanthomonas hortorum pv. carotae 4e-153  AB795020.1 98%
15A4-6 3SR Xanthomonas campestris 8e-146  CP011256.1 97%
15A5-1 3SF Xanthomonas hortorum pv. carotae 3e-159  AB795020.1 99%
15A5-1 3SR Xanthomonas campestris 8e-146  CP011256.1 97%
15A6-1 3SF Xanthomonas hortorum pv. carotae le-148  AB795020.1 97%
15A6-1 3SR Xanthomonas campestris 2e-147  CP011256.1 97%
15A7-1 3SF Xanthomonas hortorum pv. carotae 2e-147  AB795020.1 99%
15A7-1 3SR Xanthomonas campestris 2e-132  CP011256.1 96%
15A8-1 3SF Xanthomonas hortorum pv. carotae le-139  AB795020.1 99%
15A8-1 3SR Xanthomonas campestris 5e-128  CP011256.1 97%
15A9-1 3SF Xanthomonas hortorum pv. carotae 3e-155 AB795020.1 99%
15A9-1 3SR Xanthomonas campestris 4e-148  CPO11256.1 97%
15A10-1  3SF - - - -
15A10-1 3SR Xanthomonas campestris 4e-124  CP011256.1 98%
15A11-2  3SF Xanthomonas hortorum pv. carotae 2e-136  AB795020.1 98%
15A11-2 3SR Xanthomonas campestris 6e-127  CP011256.1 96%
15A12-1 3SF Xanthomonas hortorum pv. carotae 2e-141  AB795020.1 99%
15A12-1 3SR Xanthomonas campestris 5e-128  CP011256.1 97%
15A13-1 3SF Xanthomonas hortorum pv. carotae 4e-144  AB795020.1 98%
15A13-1 3SR Xanthomonas campestris 5e-133  CP011256.1 98%
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W Pseudomonas sp. M Serratia sp.

M Flavobacterium sp. W Alcaligenes faecalis
M staphylococcus epidermidis W Xanthomonas sp.

W Variovorex paradoxus LI other

Fig. 3. Biodiversity of bacterial isolates from the soil cultivating carrot in Jeju Island.
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Table 3. Morphological standard of the bacterial colonies showing the typical characteristics

like Xhc on mKM medium.

No. of group Morphological standard
1 Yellow, Small , Convex, Mucoid.
2 Yellow, Big, Convex, Mucoid.
3 Light Yellow, Small, Convex, Mucoid.
4 Light Yellow, Middle, Convex, Mucoid.

“Small (1~2mm), Middle (2~4mm), Big (4mm~ over).
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Fig. 4. Bacterial colonies (A-C) and single colony by streaking (D) on mKM medium from the
carrot cultivating soil in Jeju Island. Red circles were selected as candidates for diagnosis by
molecular biological analysis and the square boxes on right sides of each figure are magnified

parts around red circles.

S22



A= H T3

.EEAYE

=3
o 1

g A2 DNA 33 PCR

B
o

3-1.

—_
fie)

Gl

B

gepd 5

]

=
=0°

of Az, A7), FH

AAY 524 Tl wet #4F

601—

ol

o

o/

=
ojiy

puze]

il

9

o8 A4F

c‘)l_

o 5

S

o} 7] 7} o] ¥ tH(Kim and Jang, 2012). 12

2

F Al 2] DNA & 7] A

ks
R

?l 8l e

to] total DNA F+%2 3% 1,

S

AR

“ universal primer &

1
=2 -

S

e 545 7H 1 5170

1 A3} 15-2 #l| 4] Xanthomonas sp.7}

slo
1 =

913} th(Fig. 5). 17195

3}
S}

79Fo =R

il

o

A tH(Table 2).

O
A

gl

slo]
-1

1512 X. hortorum & 2]

S

o]% Xhe & =AM EA S IF

13} (Saddler and Bradbury,

107 7N&

=
=

Eiac

}a2 Xhe 9

3

2015) Xhc 57 o] ofd =2 HiA]

o tha}o] Total DNA

=
=

71 71l w44 TR

At

ojiy
Nk
N

1 5= $13+o] WA universal primer 27F(5’-

2| 7w+ total DNA 2] E=2}4Y

AGAGTTTGATCCTGGCTCAG-3’), 1492R(5’- GGTTACCTTGTTACGACTT -3*)= ITS

_23.



o

A7) AE BES PCR & FHs] FZaATh(Fig. 6). total DNA & A&
44710 #E F Xhe 5olH 07 FE A 7] 350 bp =719 speific primer 3S(Forward:
5’-CATTCCAAGAAGCAGCCA-3’, Reverse: 5’-TCGCTCTTAACACCGTCA-3") % 5%

3 A3} 13 71 2] o] 350 bp 914 FZF 5] A THFig. 7).
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Xh 152 S§2 102 62 154 53 155 156 10-3 18-1

Fig. 5. Electrophoresis images of PCR product of bacterial isolates from the soils cultivating
carrot in Jeju Island. The total DNA were amplified with universal primers 27F and 1492R.
Ld: 1-kb DNA ladder (BIOFACT, Co. Ltd.), Xh: X. hortorum pv. carotae, the rest lanes:

bacterial isolates.
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Ld 19 18 15 13 27 26 24 33 34 35 36

Ld 3-7 41 44 45 46 56 55 51 7-3 7-2 7-1

Ld 12-1 13-1 13-3 13-4 6-11 69 6-8 6-7 6-5 6-2 6-1

Ld 11-2 11-3 114 81 91 9-2 93 94 096 10-3 10-1

Fig. 6. Electrophoresis images of the total DNA product of bacterial isolates isolates from the
soils cultivating carrot in Jeju Island. The total DNA were amplified with universal primer

27F and 1492R. Ld: 1-kb DNA ladder (BIOFACT, Co. Ltd.), arrow = 10 kb.
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Ld Xh  15A1-9 15A2-7 15A3-3 15A4-6 15A5-1 15A6-1 |d Xh  15A7-1 15A8-1 15A9-1 15A10-1 15A11-2 15A12-1 15A13-1

Fig. 7. Gel electrophoresis images of PCR products of bacterial isolates from the carrot

cultivating soil in Jeju Island using specific primer 3SF and 3R. Ld: 1-kb DNA ladder
(BIOFACT, Co. Ltd.) Xh: X. hortorum pv. carotae, lane 15A1-9~15A13-1: bacterial isolates

from the carrot cultivation soil in Jeju Island. Arrow = 350 bp.
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3-2. ®32] Al 2] DNA sequence %2 7} NCBI ¥ 4] A 3}

s34 13709 no} &t $4 2 f13l 553 DNA -2 sequencingst it

]

of\

4 E 9 A1 NCBI 9] Blast= ©]-8-3Fo] &4 5} 31t 1 15A10-1% 55 # 2] 8} 4L 127}
79 EF Xhc® T EStHTable 5). 8% ¥ < 15A9-1°] chromatogram-=
gkl 5}9) a1 (Fig. 8A) 15A9-1> BLASTE &3l accession number AB7950202} query
sequence”} 100% TS 2213l M (Fig. 8B), XhcE 5ol oz FEAT| =
alo] v 352 £ 15A9-10] Xheo} E TS 3+<1 59 th(Fig. 8C).

PCR 7]"& A1t 16SY 23S rRNAS ZE35lo] A7|AgE BAsE=T)

&7
Xhe 2} AR 540 & LrEF = Al 2] DNA §17] A 95 w4 & 4 7 Xhe 1t o 2}
X. comperstris® &4 & 3l tH(Table 4). o]+ thE AFollA % Xhex 2HE o -2
57} Xhe7} obd o 5] Xanthomonas .= 5 7d ¥ = 74 -%-7F X 1.5 I th(Dupas et
al., 2023; Moriniére et al., 1995; Ritchie and Dittapongpitch, 1991). #At}7} Xhevt =+
ShE <t 5 o] X pathovar 2]o| & o] B A 55 T HSstE Ao E 4zl

X. abericola 2 X. campestris®= 135 3} % o] 3131 tH(Merda et al., 2017; Hong et al., 2020).
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Table 4. Blast result of bacterial isolates from the soil cultivating carrot in Jeju Island.

ils\i)(iéfefs Primer Scientific Name E-value  Accessionno. Identity (%)
15A1-9 3S Xanthomonas hortorum pv. carotae 1e-93 AB795020.1 100
15A2-7 3S Xanthomonas hortorum pv. carotae le-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 2¢-142  AB795020.1 100
15A8-1 3S Xanthomonas hortorum pv. carotae 7e-137  AB795020.1 99
15A9-1 38 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 le-139  AB795020.1 98
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A N . " - " - " o " - i -
GAAMNTCACC TCTOTACCCAAABCAOTCOCAAAL TTOAATOOCCCTAADE T TCAAOTACCOATCACOT T T TOOGANTCCOCAAT TCCCCOTTAAGCOOOTCCOAAADATC

)
1

AN f s A A 1 Al MmN e “u’
stV mfmmmdm‘»u’ A AN Umf‘ il x}“mJLU\’ i m 0l

9
T ACOAAC T0CECT0CCE0AT60ACCTOCCABATOATOTAT ICACT TATOAACAAGAGCAGOCAAL TCEOT T EALTACOACATEOTO6TECAACOOTECTACCOACACTA

"ﬂM\MU tﬁ&” tﬂd ‘llﬂ 1" WIL‘»'IWL“ \'\d.t.ﬂd\'ma \M f‘}'.‘t’MmuM i

NOACTCAAGTCOTABACOTAT TOOTOACE AGACOC TEACO0TOITAAS

B Xanthomonas hortorum pv. carotae genomic DNA, Xhe specific maker: Xhc3S
Length: 325 Score =516 (279) Expect = 3e-141 Identities = 279/279(100%) Gap 0/297(0%)

Query 1 CTGCGTCCCTCAGAAAATCACCTCTGTACCCAAAGCAGTCGCAAACTTGAATGGCCCTAA 60

ELEREEREE et e bbbt
Sbjct 34  CTGCGTCCCTCAGAAAATCACCTCTGTACCCAAAGCAGTCGCAAACTTGAATGGCCCTAA 83
Query 61 GCTTCAAGTACCGATCACGTTTGTTGGGAATCCGCAATTCCCCGTTAAGCGGGTCCGAAA 120

PEELEEEEEr e e e e e e e bbbt b e et
Sbjct 94  GCTTCAAGTACCGATCACGTTTGTTGGGAATCCGCAATTCCCCGTTAAGCGGGTCCGAAA 153
Query 121 GATCACGAACTGCCCTGCCGGATGGACCTGCCCAGATGATGTATTCACTTATGAACAAGA 180

PEELELEEEE e e e e e e b bbbt
Sbjct 154 GATCACGAACTGCCCTGCCGGATGGACCTGCCCAGATGATGTATTCACTTATGAACAAGA 213
Query 181 GCAGGCAACTCCGTTCAATACGACATGGTGGTGCAACGGTCCTACCGACACCAAGACTCA 240

NN RN
Sbjct 214 GCAGGCAACTCCGTTCAATACGACATGGTGGTGCAACGGTCCTACCGACACCAAGACTCA 273
Query 241 AGTCGTAGACGTATTGGTGACCTIAGAAGACGCTGACGG 279

PRELERRRR R et
Sbjct 274 AGTCGTAGACGTATTGGTGACCTTAGAAGACGCTGACGG 312

C  Sequences producing significant alignments

Tod  Quey
Description MaxScoe — Evalus Perldent  Accession
= —— e (ow = =
Xanthomonas hortorum strain ji2001 chromosome, complete genome % 073 % 2006153 10000%  CPI01417.
Xanthomonas arboricola strain 17, complete genome Lvsl M2 % 200543 %BO1%  CPOTISAN

Xanthomonas hortorum pv. carotae genomic DNA Xhe specific maker. Xhe3S 5% 1019 % 30EM1  10000%  ABTOS020!

Fig. 8. Bacteria identification of the of bacterial isolates from the soils cultivating carrot in
Jeju Island. (A) Representative chromatogram of DNA 15A9-1 sequence among the isolates.
(B) Representative sequence alignment between the query sequence of the isolates DNA
15A9-1 with accession number AB795020. (C) BLAST analysis of DNA 15A9-1 in specific

primer 3S for amplifies of the X. hortorum pv. carotae .
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3-3. Phylogenetic tree 23 2 3}

Xhe= 1931 A 2] LYoo A Pseudomonas carotaeth= ©] 50 2 2HA X QI TH
(Kendrick, 1934). ©]% 1939 AMZE F/FAAE A g3, Pseudomonasss ol A
Ao FR2YE YA Sk FF S Xanthomonas%0) 2t o] 502 AEFshAdth
(Dawson, 1939). Bre|g]o} 7oA “pathova”shi= &7} 1978 o] WH=o] % 11,
Xanthomonas pv. carotae’} X. comperstris%—fli il q—(Young etal., 1978).

Xanthomonas comperstris pv. carotae= 19931 DNA-DNA 1.7 (DNA-DNA
hybridization) 917+ Wi & &3l 524 © 2 X hortorum% ©. % - %] % th(Palleroni and
Bradbury, 1993; Amann et al., 1995). WepA] o] 2] st Al'&24 9] %] 2} 575 2] Wi s}l 23|

Xhe®t X. comperstris 2 A o] wll-§- =t}a1 & 4= QI TH(Dia et al., 2022; Dupas et al.,

2023).
Multilocus Sequence Analysis(MLSA)+= 1998\ F-8] #7814 52 & 94 &3 5
ol AR HAE FESHE WHOoE Ads But Jgst w45 sk

o]-&%] 31 9l t}(Andreas et al., 2003). MLSA A A= A 2 o} 2 F-5- 0] §- 12} A

[
ot
flo

PG4 A B INOR ol AF 19 BFH wnE Bk AAE XheE

249 Ay F MLSAR 43 A3 1 5 3tk XheE %74 & 9l vh(Catara et al,

15A1-9~15A13-12] 1370 71X D2 AlS4 S1A1E 2HQlste] A5 EqfolA 26

TTE°] XheD S EA3H7] §31e] NCBIO| S A= = Xhe 75 E X.campastri

<

% 10709 @719 & Qo] ARk ol F BEAFHAN B TE Khe 1)
2001 170 = X3 F 24719 SequenceE Alignment 313111 MEGA (version 11)
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95 Xanthomonas hortorum pv. carofae 15A6-1
o L Xanthomonas hortorum pv. carotae XhcJJ2001
pv. carotae 15A5-1
pv. carotae 15A3-3
X pv. carotae 15A4-6
pv. carotae 15A7-1
7 —- pv. carotae 35
T pv. carotae 15A2-7
95 L hort: pv. carotae 15A13-1
Xanthomonas hortorum pv. carotae 15A9-1
100 Xanth, pestris 15A10-1
hort: pv. carotae 15A11-1
465‘—‘ pv. carotae 15A8-1
hortorum pv. carotae 15A12-1
hort pv. carotae 15A1-9
is pv. str.CFBP4954
thy pv. carotae str. M081
is pv. sir. Xce AK1
Xanthomonas hortorum pv. carotae str. CFBP7900
is pv. str. CFBP5241 | |
pv. carotae str. BC3500
pVv. P str. Xce-C5
P is str. Xee-C4
pv. carotae str. CRD19-206.3

100 L is pv.

Fig. 9. Phylogenetic tree of the bacterial isolates from the soils cultivating carrot in Jeju Island.
There were two groups; Group | were consisted with mostly the bacterial isolates from the soil
cultivating carrot in Jeju Island (15A-1~15A-13) including strain XhcJJ2001 from National
Institute of Agricultural Sciences (rad arrow) and strain Xhc3S (green arrow) registered in

NCBI including strain. Group Il were the bacterial strains registered as Xhc in NCBI.
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Fig. 10. Photographs of carrot leaves (A) H.O treated control, (B) inoculated with Xhc JJ2001
and (C) inoculated with the bacterial strain 15A9-1 from the soil cultivating carrot in Jeju
Island. The photographs were taken at 25 days after inoculation. (D) Gel electrophoresis
images of PCR products of bacterial isolates re-isolated from the artificial infected carrot
leaves using specific primer 3S (Forward: 5’-CATTCCAAGAAGCAGCCA-3’, Reverse: 5°-
TCGCTCTTAACACCGTCA-3’). Ld: 1-kb DNA ladder (BIOFACT, Co. Ltd.), 1: Xhc JJ2001,

2: bacterial isolate 15A9-1. Arrow = 350 bp.
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