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A pathogen that causes a new disease on green pumpkin in the nursery and the field was
characterized and identified. Symptoms of the disease on green pumpkin were water soaking
lesions and spots with strong yellow halo on leaf, brown lesion on flower, and yellow spot on fruit.
The bacterial isolates from the leaf spot were pathogenic on the 8 curcubitaceae crop plants, green
pumpkin, figleaf gourd, wax gourd, young pumpkin, zucchini, cucumber, melon, and oriental melon,
whereas they did not cause the disease on sweet pumpkin and watermelon. They were Gram-
negative, rod shape with polar flagella, fluorescent on King’s B agar and LOPAT group 1a by LOPAT test.
Their Biolog substrate utilization patterns were similar to Pseudomonas syringae pv. syringae's in Biolog
database. Phylogenetic trees with 16S rRNA gene sequences and multilocus sequence typing (MLST)
with nucleotide sequences of 4 housekeeping genes, gapA, gltA, gyrB, rpoD and those of P. syringae
complex strains in the Plant Associated and Environmental Microbes Database (PAMDB) showed
that the green pumpkin isolates formed in the same clade with P. syringae pv. syringae strains. The
clade in MLST tree was in the genomospecies 1 group. The phenotypic and genotypic characteristics
Received June 28,2016 suggested that the isolates from green pumpkin lesion were P. syringae pv. syringae.
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Fig. 1. Symptoms of new disease that oc-
curred on the green pumpkin. Water soak-
ing lesions on leaf (A), spots with strong
yellow halo on leaf (B), brown lesion on
flower (C), and brown and yellow pit on
fruit (D) were observed. Arrows point the
lesions.
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Table 1. Disease severity on the 10 Cucurbitaceae plants by inoculation of the three green pumpkin isolates from Gongju-si and Pseudomonas syringae pv. syringae strains from

the different host plants

Disease severity (%)
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*Values denoted by the same letter are not significantly different by Duncan’s multiple range test (P<0.05).

'P syringae pv. syringae KACC17521 isolated from Korean raspberry.

*P. syringae pv. syringae KACC18392 isolated from peach.
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Flgleafgroud e ucumber Young ;)umpkin Zucchini

(Cucurbita ficifolia) (Cucumis sativus cv. (Cucurbita mochata cv. (Cucurbita pepo cv. (Cucumis melo cv. Earthtalent)
Seolback) Bokjuput) Teayangzucchini)

Green pumpkin Wax gourd Oriental melon Sweet pumpkin Watermelon
(Cucurbita mochata cv. (Lagenaria leucantha cv. (Cucumis melo var. makuwa cv. (Cucurbita maxima cv. (Citrullus vulgaris cv.
Nongwooae) Sunbongzhang) Obokggul) Danbamhobak) Speedggul)

Fig. 2. Symptoms on the 10 Cucurbitaceae plants at 7 days after inoculation of the NWB SC127 isolate in green house.

Table 2. Physiological characteristics of the isolates from lesions on green pumpkin

Arginine  Tobacco Growth temperature
Isolate/strain  Levan test Oxydase  Potato soft dihydrolase hypersensi- Fluores- Grafn sensitivity
test rot test .. . . cenceonKB staining

activity  tive reaction 28°C 35°C
NWB SC125 + - - - + + - + -
NWB SC127 + - - - + + - + -
NWB SC131 + - - - + + - + -
Pss* + - - - + + - + -
KB, King’s B.

+, positive reaction; —, negative reaction.
*Pseudomonas syringae pv. syringae KACC18392.

25H4) RGO, T WS BE SO etk 96%9] AR 7] Aol g4 o] 31| ¢hek. 53], LHistdine}

(Table 2). 37}A] 2] 42 levanE B A 3FA IL(FA), oxidase  D/L-carnitine 7] A2 Pss S 7 %A BH3-S K H th(Table 3,

o} arginine dihydrolase®] /42 /4ol th @A #5 1 Supplementary Table 1).

Lo o 0|3 gl Il A BFS-2 oFA] © 2 571 o] LOPAT

group % group 1a= 291 ] %1 th(Table 2). 2a|Fo] M EM. NWBSCI25 NWB SC127, NWB
ol Tl A E2] gk 3 NWB SC127, Pss KACC18392, Pl SC131 &%‘%0 6S rRNA & 7] 4| €& ¥ ] NCBI GenBank

LMG5172, Pst DC3000, Psp KACC10575 2] Biolog GN2 7| ol 5% P syringae complex w5 2] 165 rRNA & 7| A & 3}

Hol &S AR 23, B2+ NWB SC127 o 5%} Pss H]Lo}oq AESE BAstg BeEs 3] #5258
KACC18392+= Pss Biolog database2} 91%2] 543t 7|4 ol8  F 5Y3% dadeZ 1535 %13, H] 1St P syringae complex
JE& I8ttt Pss Biolog database$} TH2 P syringae 5+ &) 5 5ol 4] Pss IPPBC-R307} 22 clade® 15 3= ¢l th
S} v @& A3}, Psl LMG5172% 86%, Pst DC3000- 73%, 7L (Fig. 4). 2382} 47) G A=10] 7] 4 DL 0] -85 MLST
2] 3 Psp KACC105759} 81%2] 523t 7] Ho| &40 Eelx]  EA]o] A= NWB SC125, NWB SC127, NWB 5C131 35L&
At 22 NWB SC1273 Pss KACC18392 = o+ Ztoll= 5 H dadeE 434 1L, P syringae Cit7, Pss 1212R, Pss 61

—
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I 7H fARE 1F 0 & B HlthFig. 5). ©] clade= P #FES TSI 3+ genomospecies group 1] 31
syringae pv. pisi, P. syringae pv. atrofaciens, P. syringae pv. japonica T}Fig. 5). 20| & e A Ad B FYH S 4O 7]&= Psl
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Fig. 3. Morphology of the NWB SC127 by transmission electron 3= 2ko] 7 3 A th(The Korean Society of Plant Pathology,
microscopy. 2009). o] WHbo| A &2 E& k-2 13t 107 A& SOl A

Table 3. Utilization of the Biolog GN2 substrates by the NWB SC127 and the different strains of Pseudomonas syringae

Substrates* PssBiologdata NWBSC127 PssKACC18392 PslLMG5172 PstDC3000 Psp KACC10575
Glycogen + + + - + +
i-Erythritol + + + + - -
D-Mannitol + + + + + _
D-Sorbitol + + + + + -
Turanose + + + - - +
D-Galacturonic acid + + + + + _
D-Glucosaminic acid + + + + + _
D-Glucuronic acid + + + + + -
Y- Hydroxybutyric acid - - - - _
a-Keto Butyric acid + + + + -
a-Keto Glutaric acid + + + + - -
D,L-Lactic acid + + + - - +
Glucuronamide + + + + _ _
L-Histidine + + + - - _
Hydroxy-LProline - - + + - +
L-Leucine + + + + - -
D-Serine + + + + - -
L-Threonine + + + + - +
D,L-Carnitine + + + - - _

Pss, Pseudomonas syringae pv. syringae; Psl, Pseudomonas syringae pv. lachrymans; Pst, Pseudomonas syringae pv. tomato; Psp, Pseudomonas
syringae pv. pisi.

+, positive reaction; —, negative reaction.

*Biolog substrates that gave different response depending on bacterial strains. Full results were given in the Supplementary Table 1.
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P. syringae pv. syringae IPPBC-R30 (HQ840766)

72 NWB SC131
WNWB SC127
NWB SC125

53
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P. syringae pv.
P. syringae pv.
P. syringae pv.
o P. syringae pv.
P. syringae pv.
P. syringae pv.

P. syringae pv. phaseolicola (AB001448)
X. campestris pv. campestris (AF000946)

— P. syringae pv. papulans ICMP 4044 (FJ607148)
f P. syringae pv. mori (AB001446)
A I P. syringae pv. lachrymans 361 (KC860048)
r P. syringae pv. lachrymans NCPPB1097 (KC860046)
P. syringae pv. syringae NCPPB 3869 (AM399036)
P. syringae pv. pisi ATCC 11043 (KP211411)
P. syringae pv. glycinea (AB001443)
P. syringae pv. tabaci SWTG-1 (KJ756714)
H P. syringae pv. tabaci GWF-311 (LC010244)
- P. syringae pv. helianthi BS2749 (GQ870341)
I— P. syringae pv. tagetis LF2012 (KP796138)
P. syringae pv. syringae SHPS008 (KP713782)
— P. cannabina pv. cannabina BS981 (GQ470211)
| | P. syringae pv. tagetis (AB001449)
P. syringae pv. apii PM-16 (KP284571)
P. cannabina pv. alisalensis BS91 (GQ470207)
P. syringae pv. tomato BS287 (GQ470214)
P. syringae pv. actinidiae SYS4 (GQ951755)
P. syringae pv. actinidiae ABAC79B (KF003421)
54 68 | P. syringae pv. theae (AB001450)
P. syringae pv. coriandricola BS2091 (HQ584981)
{P. syringae pv. coriandricola BS462 (HQ584987)

maculicola BS286 (GQ470210)
maculicola (AB001444)

tomato Tb-1 (KF425521)
tomato 2 (FJ418774)

theae MAFF302852 (JQ957920)
actinidiae (AB001439)

P. syringae pv. tomato 3 (FJ418773)
—— P. syringae GR12-2 (JF906174)

P. syringae pv. myricae (AB001447)
45J P. savastanoi pv. savastanoi SUPP3085 (LC012764)
" P. savastanoi pv. savastanoi LMG2209 (KM593953)

Fig. 4. Maximum likelihood tree inferred
from 16S rRNA gene sequences of the
green pumpkin isolates (NWB SC125, 127,
131) 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.

LS

o]

7 SR o] itk T3 35°C o] o] o A= A
7}5-3 g 2.1, Lelliott 5-(1966)°] A 2F3F LOPAT testS
3} LOPAT group % group 1a°]] £3h= Z& 22151 ¢t
o] Are] Aut= B E4to] Psyringae?] E4S 7R S= 91|
T} 165 rRNA 99 7] 4] & 1} NCBI GenBank database®l] 5=
A= THE P syringae complex2] 165 rRNA & 7] A E-& 9]

gt AT ol A off &8} £ 2]t &2 P syringae pv. syringae
(Pss)8] #9242 IF(clade) &2 EFE QAT 7 ot

£ Pss= TS 1 (clade) &2 153} %It} 165 IRNA -4

A F7IM B2 w5 Abo] & A=} - 30 P syringae
complex W 2] pathovar (pv) 2] &5 7|& 2. 2 A 351 A] Y=

m{m mlm

Obirﬂl’_o}fﬂ



Research in Plant Disease Vol.22 No. 3

165

P. syringae pv. japonica M301072
P. syringae pv. aptata DSM5022
P. syringae pv. syringae FF5

P. syringae pv. syringae N2

P. syringae pv. pisi PP1

P. syringae pv. syringae B64

0 “ P. syringae pv. atrofaciens DSM5025
P. syringae pv. syringae L177

P. syringae pv. syringae NCPPB28
P. syringae pv. pisi HSE1

100 - P. syringae pv. pisi 895A

P. syringae pv. syringae B728A

P. syringae pv. aceris A10853

P. syringae pv. aceris PT LMG 2106
P. syringae pv. syringae B48

83 - P. syringae pv. syringae C1
P. syringae pv. syringae 892

P. syringae pv. syringae 642

P. syringae pv. syringae 890

P. syringae pv. syringae cc1502

P. syringae pv. syringae 871
P. syringae pv. syringae cc1503
P. syringae pv. syringae 897

100 ' P. syringae pv. syringae 893
NWB SC125
NWB SC127
NWB SC131
P. syringae Cit7
82 [ P. syringae pv. syringae 1212R

17- p. syringae pv. syringae 61
52 | 1 P. syringae pv. myricae PT LMG 5668

P. syringae pv. myricae M302941
100_{ P. syringae pv. tabaci 6606
P. syringae pv. tabaci LMG5393

P. syringae pv. mellea PT LMG 5072
18195 P. syringae pv. phaseolicola 1448A
P. syringae pv. phaseolicola 1302A

g | | P. syringae pv. glycinea KN127

82 | | g9'| P. syringae pv. glycinea BR1

5 P. syringae pv. glycinea M301765
41 | P. syringae pv. mori M301020
- Bl P. syringae pv. mori PT LMG 5074
P. syringae pv. savastanoi PT 4352
394P0 ' P. syringae pv. savastanoi PT LMG 2209
P. syringae pv. sesami PT LMG 2289

99 | P. syringae pv. lachrymans N7512
—TiP. syringae pv. lachrymans 107
82— p_ syringae pv. daphniphylli PT NCPPB 3617

[ P. syringae pv. tagetis PT LMG 5090

100 - P. syringae pv. helianthi PT LMG 5067

10

100

P. syringae pv. garcae LMG 5064
100 L P. syringae pv. oryzae PT LMG 10912
99 - P. syringae pv. oryzae 361
56 [ P. syringae pv. maculicola M6
70| P. syringae pv. tomato TF1
48 P. syringae pv. maculicola AZ85297
9B ' P. syringae pv. maculicola 4981
P. syringae pv. apii BS2715
P. syringae pv. tomato DC3000
P. syringae pv. theae PT LMG 5092

71 P. syringae pv. coriandricola BS2091
P. syringae pv. coriandricola BS2059
100 P. cannabina pv. alisalensis PT CFBP 6866

100 P. cannabina pv. cannabina PT CFBP 2341

0.05

X. campestris pv. campestris ICMP13

|

I

Gsp.1

Gsp.2

Gsp.7

Gsp.4

Gsp.3

Gsp.8

Gsp.9

Fig. 5. Maximum likelihood tree inferred
from gapA, rpoD, gltA, gyrB sequences
of the green pumpkin isolates (NWB
SC125, 127, 131) and Pseudomonas and
other bacteria. The 4 gene sequences of
Pseudomonas and other bacteria were
obtained from the Plant Associated
and Environmental Microbes Database
(PAMDB, http://genome.ppws.vt.edu/
cgi-bin/MLST/home.pl). Bootstrap values
(=70%) based on 1,000 replicates are
shown at the branches. The bar indicates
the nucleotide substitutions per site. Gsp
is genomospecies.
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