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Occurrence of Leaf Spot Disease on Watermelon Caused by
Pseudomonas syringae pv. syringae
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Typical bacterial symptoms, water-soaking brown and black leaf spots with yellow halo, were observed on
watermelon seedlings in nursery and field of Gyeongnam and Jeonnam provinces. Bacterial isolates from the
lesion showed strong pathogenicity on watermelon and zucchini. One of them was rod-shaped with 4 polar
flagella by observation of transmission electron microscopy. They belonged to LOPAT group 1. The phylogen-
ical trees with nucleotide sequences of 16S rRNA and multi-locus sequencing typing with the 4 house-keep-
ing genes (gapA, gltA, gyrB, and rpoD) of the isolates showed they were highly homologous to Pseudomonas
syringae pv. syringae and grouped together with them, indicating that they were appeared as P. syringae
genomospecies group 1. Morphological, physiological, and genetical characteristics of the isolates suggested
they are P. syringae pv. syringae. We believe this is the first report that P. syringae pv. syringae caused leaf spot
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M E 2012). T3} o] W& £ulEA S B3 HE 7= Ao = o

AAA 2HE 9] TR E 23S AL SlrkBurdmant
_,v[\_ ko A A0 7 23t ZHER Sulol|= @ 77| AlFo] Walcott, 2012). Allto]l oJ3t th& B2 2016 nl= £ X|o}
9 0107 2 wa2 21 ok 7bA fhEAel Ho) Addove- &) 2 AHHXICNA Pseudomonas syringae pv. syringae7t 913

rax c:tullloﬂ 9oJ5t A& H(bacterial fruit blotch)o|th o] ¥ FHBE dexlth= Ba7} 39t Dutta 5, 2016).
o A NARCZ uAsHE, E3| Jruko] 23h7]o) THS 1 FHE YA = Sttt ZA-EQldH, S EAuiE A
uqm;q Z A T3l E Fa Ltk Burdmani}t Walcott, = A 2,648 ha, AldH) 9,325 has AARE =4
84,469%, X|AA4=4l 391,346 E 0] AYALE] 31 Q)T}(Statistics Ko-
rea, 2019). ol Al HILE Alto] o3t ko] Hog= A
Research in Plant Disease citulliol 213t TUX-S-H(The Korean Society of Plant Pathol-
m ;rf“gr? :é?;ﬁ;SSN 22339191 ogy, 2021)1} Acidovorax valerianellae®l] &3t Alw-A-2 1
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H(Han %, 2012), Z12) 3L Pseudomonas spo]| &5+ 2+ -2-H
(Jee 5, 1990, The Korean Society of Plant Pathology, 2021)0]
H Qe 2] 1990 H il o) B¢ Hddo s B
a1t Pseudomonas®] E(sp.)ol HE3HA A=A e,
S BEwte] T2 EA= P. syringae?t 2017} AT (Jee
5 1990; Schaad 5, 2003). w}akA =Ujof| 4] o}2)7kA] P. syrin-
gael| 23t s=Hte) BL- A 8slA B alE ] oFgkr.

Algtoll o7t 4= -2 TR FHgo] & FAA] wsfE 7HA
& 0| I Fado] RAHINY, FAE S HAY S F
Ak a Al Ed oM 9] TP = o] o e Fg
57, A 54 atof Fol Wl SasHA H3iok

ol A B I1E P syringaecl &3t Wk A-E0] W2 P sy-
ringae pv lachrimans©] 2.0], 38} 5o =L (The Korean
Society of Plant Pathology, 2021)} P. syringae pv syringae®]|
OJgt o &} QI TR o] B 1E o] Qltk(Park 5, 2016). 71 &
of Gut, ut, 7 #iF, vk, I, T 8 52 fazE0lA P
syringae7} S 27| = Ao 2 4#HA QJth(The Korean So-
ciety of Plant Pathology, 2021).

AT T A AGAG] S fuelA Lol Ry
o] WS & AT E B BAF S Befdtel BUMLS
Qlskar T8 A, 7]E0] Slol A HiE Wt 2 W
gEbA] ) 2L Al FH O R B gtk

=)

g

[0

o 22l A BN 2T sEre] BA
Schaad 5-(2001)¢] o 2 HAAS Estqich 44k
o] ®A oA AARF et AR 9] HAFE 0.5 mmx0.5
mm 27|12 Z2bl 27 1% sodium hypochloriteo]] 23
| AES ST BEAE Folt BRas 28] AF%
AR Holw B o] & 387 Azt B
o & AZH 2Z-& King’s B v X|(peptone 20 g, mag-
nesium sulphate heptahydrate 1.5 g, dipotassium phosphate
1.5 g, glycerol 15 ml, agar 15 g/l)o]] &% & vjoF7]of| 4] 28°C, 2
o i3 King's B v A|of] &252 Rk = RE gt o
A& epugsto] Gl 22UE ook ©d SE2YA
o BoE HYeS King' B agar v Z|of| A vkt 3 20%
= YAIEl AEsto] -80°C YEale] 52 HEste] Adel
AHg15i

A
H

e

HRISIOIZ B Wope] SR St ol Rela 27)
o] Bej3t % NWB 5C264 £l a2 atalr| & AKAIST) <

WAL ANE o oJ=|5to] TR R] 7 (transmission elec-
tron microscopy, Tecnai G2 Spirit, FEI, Hillsboro, OR, USA) 2. 2
BT A& A 8)+= 200 mash carbon coated grido]] A|&
£ 238|311 2% uranyl acetateE ©]-8-3}] GAISE 5 11,0004}
wi&& sk

Ealz7el Hald =l sHe) B oA Z2H 2719 +F
Z NWB SC263, NWB SC2642 vt} 107} ZHE, $=¥H(Citrul-
lus vulgaris cv. Speedgqgul), o) &8} (Cucurbita mochata cv.
Nongwooae), Z-F &8 Cucurbita ficifolia), A1 =2 Shintoza’
(Cucurbita maximax Cucurbita moschata), 38} (Lagenaria
leucantha cv. Shinhwachangjo), 5714 38} (Cucurbita pepo
cv. Teayang), 2.0|(Cucumis sativus cv. Seolback), Z<](Cucu-
mis melo var. makuwa cv. Obokggul), H-2(Cucumis melo cv.
Earthtalent), 121 B¥F& ¥ (Cucurbita maxima cv. Danbam)
of| Fsto] HU/dS &5t King's B Hljx|of| 4] 28°C, 48
AIZE kRt Alet& 2887 38 3 ODgoonm 0141 0.3
(F 1x108 cfu/m 2 &erstar 108] 3As1e] eF 1x107 cfu/ml
= HFsIek 509 EFlo]of] wkF 35 | kb= 10559
1-2 7)o BRYE STk B2 4E A #5 HeF 250 ml
ol Z=HA|(siloxane) 100 ul& 713tk 3 5 24417 &<k
80% =9 YRR AP ol 4 SAHE F 25-30°C,
20-70% $E9| LA $A TelSrk BF 79 F g
£ 2SI, MR ZAM W o] v uez
£0,1,3,5, 7714 LRl 08 by, 12 1-10% e
7, 3= 11-25% Sry w3, 5= 26-50% 2P W3], 78 50% o]
Apo] Wby w0 2 etk HEE 00 2 HE T gl
o AN FUL 7 WETY A U5 F WAAS
o wpgz Fogch & AT dEEFRE TP
A AANE of| A HF- H5oF 2|t P. syringae pv. syringae
KACC183922 A5}t (Park 5, 2016).

M, RS W LOPAT 2. HeiH FE2 Kings B
agar vl =@ste] 28°C, 397 vl R T UVisgny, THEONIA]
BB S AT Schaad 5(2001)9] WH o= T3
A2 sho] Anj7 oz stk 22 % ¥t NWB SC 264
2] LOPAT (levan &4, oxydase 4, A} F-& ¥, algi-
nine dihydrolase 2/, Gl 2}ul/dut-3) & ZAstSitHLelliott
3} Stead, 1987; Schaad =, 2001). Levan §AJ2 32135} ¢35t
& sucrose peptone agar (5% sucrose nutrient agar) 8 %]o]|
A 28°C 427F H%F F dome moFo] ZRUES FAFH=A
25k Oxidase /42> AAA|of| 1% HAHE Al2f(nitrogen
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tetramethyl-p-phenolin-diamine dihydrochloride, Sigma,
St. Louis, MO, USA)-S &4l & King's B H|X|of|A] 24 A7t vljoF
H AlatZ HFol2 AlofS A4l oipAlof 271 F 102 ¢
wabd L Yo 2 Wslex] BESIYT AN B E e
o 257 gleto] MM UAE S P 2= 05 m
FAZ o] AHE FH[sH3ATh King's B B A|of| 24417} wlj<F
T e S g o|= HA FRke] ool HFslal, 28°C
A 24X7F F3boll HET AL A F-Fo] WAsH=A] HE st
St} Arginine dihydrolase 8442 &21317] $J3}4] Thornley’s
medium (0.2 g peptone, 1 g Nadl, 0.06 g K,HPO,, 0.6 g agar, 0.02
g phenol red, 2 g arginine HCl per 200 ml, pH 7.2)& 10 mI&] A
Fahol| A5k 24417F King's B B x]o]| viFH w55 53t
Ak HE 5 B tuE Az AR YT E LT
28°Co]| ujFsto] 4 & Ao HaLS FASHGIT HHfjof Al 3}
/gRkg-& uhF £ 551 Fllof King's B B &]of] 24 A7 uljeF
3 F2]7t2 ODgoonm A1 0.3 (9F 1x10° cfu/ml) . 2 EEstar
HEFolS oF 5107 cfu/mlIZ F] 451 0.1 mlE& Frff Yol A}
7|2 ZQI5ke] ThalAukS o 2.2 Shelshgct.

16S rRNA E7|ME 2. s=ut9] Wutol 4] E2j€ 67
%2 King's B H1X]0] 28°C, 24417k HiaF3te] (Fyufo] omE
(BIOFACT, Daejeon, Korea)l] 16S rRNA sequencingS &]&|s}
St} National Center for Biotechnology Information (NCBI)
GenBanke]| 5-E %9 Q1= P. syringae complex o352 165
rRNA &7 g8 o] &3d}o] CLUSTALW g2 J3jo &2 °ﬂ7]k]
gL ALY T 243518 HThompson 5, 1994). &2
A7 E 9] A5A-S Mega ver. 5.05 (Tamura <, 2011) BioEdit
ver.7.01 2 7L E3}e] BMatAc)

A= 7} A7) E 9] evolutionary distance matrix+= Kimura
2-parameter (K2P)2 3}$32, phylogenetic tree algorithm-2
maximum likelihood (ML)E o|-&35}o] AlB=E 1701, X|X]

= RIs17] $151] 1,000 2] bootstrap2 4=2§5}f 500 ©]
Apo) ZHS T 13RI,

Multi-locus sequencing typing 241,  Multi-locus sequenc-
ing typing (MLST)o]| 2J3t B-2]+2] A F<=(phylogenetic anal-
ysis) 412 Hwang 5-(2005)°] s} 7igE Zeto|HE o]-&-
SFQATE MLST &-4J0]] AFE-E F-A2HH 714 B2 F 1,800 bp=
47 2] &7 AR} housekeeping gene) gapA, rpoD, gitA 4
gyrB2] 400 bp, 600 bp, 400 bp, 400 bpo|t}. & A4 A}
89 7 #5759 G714
mental Microbes Database (PAMDB, http://genome.ppws.

gL Plant Associated and Environ-

vt.edu/cgi-bin/MLST/home.pl)o]l 5FE¢] Q1= P. syringae
complex 643-5:9] 35 G244 9714GS vhgo 2
CLUSTAL W Z 2 7382 o830 thEAA3t & BAs15T}
(Thompson 5, 1994). F-ARA7| A E 2] A5A-2 Mega ver.
5.05 (Tamura %, 2011) BioEdit ver. 701 Z2 13- &3l B
A5tk ALY = ZF 7|42 9] evolutionary distance matrix
+= K2PE 3} 31 phylogenetic tree algorithm2 MLE- ©]-&
sto] AFEE IR on, AR =E ]lst7] $15ke] 1,00089]
bootstrapS =35} 500 ©]AF9] 2 ® 7|3}k
4 Il_l.

H U EELEAR 22| 20189 4 7 DA SHA
o Ao s 1ol 448 o] el ol Wit
ik ALER} 23} HEe 40 Qo] Al ofF 8 2
8 3.2 ZAj0) BAY AT B, WAT) et
A 227k WIS ATHFig. 1A). el MAHEEA o g 2|4
of kg 4ol LhektehFig. 18). 57 W 27100 9t 9
of =34p0] 2he YR} wehal el selh watshgla, 4
HEE BRI Pl NI o £ & 2] AR wAys
B Alzko] AubpA] WA RRo] nhei Z4ko 2 wAHs
83 A E 2] pHbo A FARRE BAo] SlE T

Fig. 1. Disease symptoms were appeared on watermelon leaves in
the nursery (A, B) and field (C). Arrows indicate disease symptoms.



Research in Plant Disease Vol.27 No. 4 183

oA A B2US BAT(Fig. 28), 58t fruo] AHE
A3k 54t 9 AR AL A4 WAS oA, Hol
AN WYY 9 PRt ok w, AshA 2gE
BjsHe 5492 BYeHFig. 28).

3t
Z

o

M
rl

EoTo| HAHY. = A&l of ), 7Y EH, 3, A
Tz}, 3 SFou), dod, puf A, 00] F 10350 B
Hal NWB SC2633} A E2]+ NWB SC264 18|31 T2+

Fig. 2 . Colonies of NWB SC263 on King's B medium (A) and symp- o W u a5t . .
toms (B) on the watermelon seedling after inoculation of NWB F2 BgotolA £=I3t P syringae pv. syringae KACC18392
SC263 which was isolated from nursery of Miryang-si. Arrows indi- TFE FEste] gty o2 vz E o A HYAS 8Hels)
cate disease symptoms. 2 B waksich EalF NWB SC2637F NWB SC264= £3) vt

Table 1. Disease severity on the 10 Cucurbitaceae plants by inoculation of the two watermelon isolates from Gyeongnam and Jeonnam and
Pseudomonas syringae pv. syringae (Pss) strain from the peach

Disease severity (%)’

Cucumis

Isolate/ Cucurbita . Lagenaria Cucurbita Cucurbita Citrullus  Cucumis .
solate Cucurbita melo var. . . . . Cucumis
Strain mochata leucantha cv. maximax Cucurbita maxima vulgaris  melo cv. .
pepo cv. . makuwa . e g sativus cv.
cv. Nong- Shinhwa Cucurbita ficifolia cv. cv. Earthtal- .
Teayang . cv. Cham- . Smile
wooae changjo miso moschata Danbam Wooriggul ent
E‘iss};gg; 0.0 00 0.0 0.0 00 0.0 00 0.0 0.0 0.0
NWB SC 263 510c 91.7a 54.7 bc 27.0e 580b 56.7bc  44.0d 893a 57.3 bc 43.7d
NWBSC264 54.0e 957 a 793b 333g 67.0c 67.7 C 62.7 cd 953a 57.0de 450f

“Disease severity was examined by 3 replicates of 50 plants of each Cucurtbitaceae and values denoted by the same letter were not sig-
nificantly different by Duncan’s multiple range test (P<0.05).
PPss KACC18392 isolated from peach (Park et al., 2016).

Young pumpkin Sweet pumpkn " Cucumber Shintoza Wax gourd (Lagenaria
(Cucurbita mochata cv.  (Cucurbita maxima cv. (Cucumis sativu cv. (Cucurbita maxima DxC lfzucantha cv.
Bokjuput) Danbamhobak) Seolback) Cucurbita Moschata) Shinhwachangjo)

:

Melon ] Watermelon Oriental melon Zucchini

(Cucumis melo cv. (Citrullus vulgaris cv. (Cucumis melo var. makuwa (Cucurbita pepo cv. c Flglz:;f gro.udl.
Earthtalent) Wooriggul) cv. Obokggul) Teayangzucchini) (Cucurbita ficifolia)

Fig. 3. Symptoms on the 10 Cucurbitaceae plants (3 replicates of 50 plants each) at 7 days after inoculation of the NWB SC263 isolate in a
green house.
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800 nm

Fig. 4. Transmission electron micrograph of the NWB SC263 isolate.

Rod shape bacterium with 4 polar flagellum was observed.

7} 28 1050] BEo|4 Qo] LS oo oul(Table 1,
Fig. 3), P. syringae pv. syringae KACC18392 w5+ 105-2] v}
I FF 2ol BE dorA] I Etoll A 23 NWB
SC2639} NWB SC264% 77|11 S8 Sruto] -2 Az
£ B QoM 71 W2 A =E Hof Wi 5o
2 Aol zkol7} sASith(Table 1, Fig. 3).

Bl Zoj| A NWB SC263
o gel2 AAATAL ol §3te] BT AT}, HE Fo 4
M) ARE 7H 2 g Alsto] W= {THFig. 4). LOPAT 2
A A1}, B2 NWB SC2632F NWB SC264+= King'B vl %]
A GBS BoFRleH, levan B4 FA, A5 TS 24,
oxydase &4 24, arginine dihydrolase2] &4 24Jo]3lom,
ol A ZIARE-S-2 A o = EIE|GIcH(Table 2). LOPAT 2
3 0] 271 Helto] LOPAT group Ie] 45H= 212 Jmj ek
TS 2 #522] 165 G711 G-E P syringae} 99% o1+ AFE-Al0]
FHRI=ATHFig. 5). E2lxte] Fej2] E43} oA 165 H71AE,
LOPAT Z3}-5 F3tsto] E2|+t-< P syringae= 578313tk

MLST E4. P syringae+= 607} ©]4}+2] pathovarE 7}X| 1L

Pseudomonas syringae pv. apii strain PM-16 KP284571
Ji syringae pv. ali is strain NMH10111 AB781090
Pseudomonas syringae pv. tomato strain BS287 GQ470214

syringae pv. iae strain SYS4 Q951755
Pseudt syringae pv jae strain ABAC79B KF003421
Pseudomonas syringae pv. theae AB001450
ina pv. alisalensis strain BS91 GQ470207

I syringae pv. coriandricola strain BS2091 HQ584981
Pseudomonas syringae pv. coriandricola strain BS462 HQ584987
Pseudomonas syringae pv. maculicola AB001444

80 | | | Pseudomonas syringae pv. tomato strain Tb-1 KF425521
Pseudomonas syringae pv. tomato strain 2 FJ418774
Pseudomonas syringae pv. theae strain MAFF302852 JQ957920
Pseudomonas syringae pv. actinidiae AB001439

Pseudomonas syringae pv. maculicola strain BS286 GQ470210
Pseudomonas syringae pv. tomato strain 3 FI418773
Pseudomonas syringae strain GR12-2 JF906174

Pseudomonas syringae pv. tagetis AB001449

0 _I; bina pv. ina strain BS981 GQ470211
Pseudomonas cannabina strain BS2725 GQ870340

- Pseudomonas syringae pv. syringae strain IPPBC-R30 HQ840766
Pseudomonas syringae pv. syringae strain SHPS013 KP753381
Pseudomonas syringae pv. syringae strain SHPS008 KP713782

[~ Pseudomonas syringae pv. papulans strain ICMP 4044 FJ607148
F\P:eudamunas syringae pv. helianthi strain BS2749 GQ870341

94

Pseudomonas syringae pv. tagetis strain LF2012 KP796138
Pseudomonas syringae pv. tabaci strain: GWF-311 LC010244
Pseudomonas syringae pv. tabaci strain SWTG-1 KI756714
_L}’:zudomonas syringae pv. lachrymans strain NCPPB1097 KC860046

Pseudomonas syringae pv. lachrymans strain jilinfenliwu2 KC860045
Pseudomonas syringae pv. glycinea AB001443
Pseudomonas syringae pv. mori AB001446
Pseudomonas syringae pv. lachrymans strain 361 KC860048
NWV SC263
NWB SC264
NWB SC281
NWB SC282
NWB SC283
NWB SC284
Pseudomonas syringae pv. syringae strain IZB231 KP099980
Pseudomonas syringae pv. syringae strain 1ZB218 KP099976
Pseudomonas syringae pv. syringae strain XJLX-2-2 KC816630
Pseudomonas syringae pv. syringae culture-collection ICMP:3023 HM190217
Pseudomonas syringae pv. syringae strain NCPPB 3869 AM399036
Pseudomonas syringae pv. pisi strain ATCC 11043 KP211411
Pseud. syringae pv. pisi strain pea seed 1314 KP211410
Pseudomonas syringae pv. myricae AB001447
); ipv. i strain: SUPP3085 LC012764
I ipv. i strain LMG2209 KM593953
Pseudomonas syringae pv. phaseolicola AB001448
Pseudomonas fluorescens strain ABAC62 KF003408
campestris pv. campestris AF000946

3
8

—
0.01

Fig. 5. Maximum likelihood tree inferred from 16S rRNA gene se-
quences of the Watermelon isolates (NWB SC 263, 264, 281, 282,
283, 284) and Pseudomonas syringae strains. Bootstrap values
(=50%) based on 1,000 replicates are shown at the branches. The
bar indicates the nucleotide substitutions per site.

q
Stz A2 £7Hs81tHBull 5, 2011; Dye 5, 1980). whabA] -7
2] 5= o83 MLST ZH}-E 0]-8-3}0] pathovarg 5743}

Table 2. Physiological characteristics of the isolates from lesions on watermelon

Isolate/Strain Levan Oxydase Potato Arginine Tobacco hypersensitive Fluorescence Gram

test test softrottest dihydrolase activity reaction on KB staining
NWB SC 263 + - —/+ + - -
NWB SC 264 + - —/+ + - -
Pss” + - - + + -
KB, King’s B media.

+, positive reaction; —, negative reaction.

°Pseudomonas syringae pv. syringae (Pss) KACC18392 isolated from peach (Park et al., 2016).
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Pseudomonas syringae pv. syringae B64
Pseudomonas syringae pv. atrofaciens DSM5025
Pseudomonas syringae pv. japonica M301072
7' Pseudomonas syringae py. pisi PP1
Pseudomonas syringae pv. aptaa DSMS022
Pseudomonas syringae pv. syringae FFS
Prendomonas sringae py. syringae N2
wesca e
INwascoes. .
Pseudomonas syringae py. syringae L177
Pseudomonas syringae pv. syringae NCPPB28
9 Pseudomonas syringae pv. pisi HSE1
Pseudomonas syringae pv. pisi 895A
Pseudomonas syringae pv. syringae BT28A Gsp. 1
Pse (domonas syringae pv. aceris A10853
Pseudomonas syringae pv. aceris PT LMG 2106
9 Pseudomonas syringae p. syringae B43
sl Pseudomonas syringae py. syringae A21
89 Pseudomonas syringae pv. syringae C1
Pseudomonas syringae pv. syringae 895
Pseudomonas syringae py. syringae 871
801 Pseudomonas syringae pv. syringae ce1503
ingae pv. syringae 897
ingae pv. syringae 893
1gae pv. syringae cc1502
Pseudomonas syringae py. syringae $90
8 Pseudomonas syringae py. syringae 642
Pseudomonas syringae py. syringae 892
Pseudomonas syringae pv. syringae 61
Pseudomonas syringae Cit]
Pseudomonas syringae pv. syringae 1212R _
1 Pseudomonas syringae py. myricae M302941
Pseudomonas syringae py. myricae PT LMG 5668

99 Pseudomonas syringae pv. tabaci 6606
1 | Pseudomonas syringae pv. tabaci LMG5393
9o Pseudomonas syringae pv. lachrymans 107
L Lﬁilrmdamnas syringae pv. lachrymans N7512
Pseudomonas syringae pv. daphniphylli PT NCPPB
Pseudomonas syringac pv. mellea PT LMG 5072
Pseudomonas syringae pv. glycinea M301765

%I‘:wdomnmx Syringae pv. glycinea BR1 Gsp. 2
b

2

Pseudomonas syringae py. glycinea KN127
Pseudomonas syringae pv. phaseolicola 1448A
Pseudomonas syringae pv. phaseolicola 1302A.
@Pseﬂdomona& syringae pv. sesami PT LMG 2289

Pseudomonas syringae pv. savastanoi PT LMG 2209
Pseudomonas syringae pv. savastanoi PT 4352
Pseudomonas syringae pv. mori PT LMG 5074

99 Pseudomonas syringae pv. mori M301020

Pseudomonas syringae pv. tagetis PT LMG 5090
ll)d Pseudomonas syringae pv. helianthi PT LMG 5067
Pseudomonas syringae pv. garcae LMG 5064
4]0& Pseudomonas syringae pv. oryzae 36 |
98 Pseudomonas syringae pv. oryzae PT LMG 10912

10 Pseudomonas syringae pv. maculicola AZ85297

Pseudomonas syringae pv. maculicola 4981

0

Gsp. 7

|

Gsp. 4

84 pseudomonas syringae pv. tomato TF1
Pseudomonas syringae pv. maculicola M6 Gsp. 3
Pseudomonas syringae pv. tomato DC3000
Pseudomonas syringac pv. apii BS2715
Pseudomonas syringae pv. theae PT LMG 5092
81 Pseudomonas syringae pv. delphinii PT LMG 5381
Pseudomonas syringae pv. coriandricola BS2091 Gsp. 9
Pseudomonas syringa pv. coriandricola BS2059

Pseudomonas cannabina pv. alisalensis PT CFBP 6866
Pseudomonas cannabina PT CFBP 2341

campestris pv. campestris ICMP13

99)

Gsp. 8

Fig. 6. Maximum likelihood tree inferred from gapA, rpoD, gltA, and
gyrB sequences of the watermelon isolates (NWB SC263, 264), Pseudo-
monas and other bacteria. The four gene sequences of Pseudomo-
nads and other bacteria were obtained from the Plant Associated and
Environmental Microbes Database (PAMDB, http://genome.ppws.
vtedu/cgi-bin/MLST/home.pl). Bootstrap values (=70%) based on
1,000 replicates are shown at the branches. The bar indicates the nu-
cleotide substitutions per site. Gsp is genomospecies.

|52 thE P syringae w552 gapA, rpoD, gltA, gyrB
A2 Q7B E ol&sto] FHA=E 2HdsH3ItHFig. 6).
sbof| A E2]3 NWB SC2632F NWB SC264+-2 P. syringae
pv. syringae®} 5Lt 15 (clade) 2. 2 F411, 9712 genomo-
species group 3 genomospecies group 1°f &35} cHFig. 6).
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Alge) HejH 47} LOPAT el
AE)d EA, a1l 16S G749 AASA 58 Ba|do] P,
syringae®]] &= Al &JR|RI P. syringaedili= 6071 ©]
A}9] pathovar 71x] 22 $JtH(Young, 2010). 1] pathovar
£ peize) 1209 F120 5AU2 ol g /1%
HIAE ZAFSIAE P. syringae+ W2 pathovargE 71X 1L
31, pathovars Afolof| 7]F=H 9|7k HA™, pathovar %Xé
FEHol AalA UA] grobal ezt pathovar 5782 vl
ojH 1 E7}53FcHBuUll 5, 2011; Dye 5, 1980; Starr, 1959;
Stead, 1992). ©|2|3t P. syringae®] £5% 4 543 & ¢ ¢
Ao 2 A3} ¢5te] Al++2] DNA-DNA hybridization
ol A1} E 7|2 Z(Gardan 5, 1999) == ¥ 79 ot A
AL A7 DL 7|28 MLSTE &
3] pathovar genomospeciesZ £&3}7| = 3G tHBull 5,
2011). MLSTo]| &J3t P. syringae®] pathovar 532 17} o|AF
9] pathovar7} gt 719] genomospecies2 F-0]7] wj&o] P.
syringae] pathovar &5 5742 EAE &4sHA s 23}HA]
= ESHAITE P. syringae®] pathovar Ato]9] FAWAE 71
Ao Z HoF=Hor AZEN Qlrh & AollA
sefoll A &2)E 29 5= gapA, rpoD, gltA, gyrBo| 714}
71 EBE o] &3t MLST A3} P. syringae pv. syringae &5
S A 15 =3I o] A= o] 247} P. syringae pv.
syringaed= FAI gt
oA B E Aol 28t =4kl ¥ o 2= Acidovorax
citulliol &3t ILA-2-1(The Korean Society of Plant Pa-
thology, 2021)} Acidovorax valerianellae® 2|3t A|w7-&
AFH " (Han 5, 2012; The Korean Society of Plant Pathol-
ogy, 2021), 1] 31 Pseudomonas sp.ofl 23t Z+AH-ZH(The
Korean Society of Plant Pathology, 2021)0] ¥ 1= ith 1
Ad] 1990d9] R 1% 8o AL HAF S Z X 1St Pseu-
domonas®| Fo| HESH| FHEA Fken, s Bt
o] 544 EA= P. syringaet 2017} A tH(Jee 5, 1990;
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BE Ao S2FQ et PARE 20| fHAA &
A o] Za|FejetaRl el 24 9 20 whd o] wute] ¢
ﬂﬂ‘ii"% Hukol A et Belot-2 uta 7Y A =

< HUEES HoAFRl, HEldt2 1Y SARE 7H 9
g AldolQitk el IH-34 2 2 LOPAT group 1ad] 4
31901, King'B B A|o| 4] &334g0] 21tk 165 rRNA -S4 A}
WINDL o83 AFS B4 ahe] FEFHR A7IA

A(gapA, gltA, gyrB, rpoD)Z o]
typing 54 A3} E2lo-5-2 Pseudomonas syringae pv. syrin-
gael} 71 =2 AASAS HAF, T dF(clade) o2
FolATt T3 o] &2 P. syringae genomospecies group 19]]
ahoirk o] QAR Beat AlEo) Feja, A
&, 17 EAL o]E9] P syringae pv. syringaed-S A Al
gk B =20 3130 A] P syringae pv. syringae7} =8l A
HAFEES Yo7 229 Kotk

31 multi-locus sequencing
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