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TABLE 1. Source and information of bacterial strains used in this study

Strain  Year Location Host Original species namefidentity’ ~ Source

ECC3 1997 Hsilo, Yunlin Cabbage Ecc TNDARES®
ECC7 1998 Yuanchang, Yunlin Cabbage Ecc TNDARES
ECC17 2009 Mailiao, Yunlin Iceberg lettuce Ecc TNDARES
ECC35 2014 Hsinhua, Tainan  Taro Ecc TNDARES
ORI3 1995 Shanhua, Tainan ~ Onion Ecc DPMNCYU’
Bsrto 1998 Sanhsing, Ilan Welsh onion Ecc DPMNCYU
Bsr9 1998 Sanhsing, Ilan Welsh onion Ecc DPMNCYU
Bsr21 1991 Chuangwei, Ilan ~ Welsh onion Ech DPMNCYU
TSR25 2002 Jian, Hualien Tomato Ecc DPMNCYU
CY-1 2021 Jhuci, Chiayi Cabbage Pectolytic bacterium  DPMNCYU

CY-2 2021 Supermarket Pakchoi Pectolytic bacterium ~ DPMNCYU

" Bcc: Erwinia carotovora subsp. carotovora; Ech: Erwinia chrysanthemi.
% TNDARES: Tainan District Agricultural Research and Extension Station,
Council of Agriculture.

> DPMNCYU: Department of Plant Medicine, National Chiayi University.

PCR)ZDNAERR = fLALEAERAYI6S IDNA ~ dnaX ~ leuSFirecA
A HAEEL R #Ef TPCREZIE - PCRAT(E IS [ F-% S i % e
Yy o DURS FEYD L FE R B 2 B 5 | SUBR(ER ) » SEREPCR
ZEYE BAROK e T VIR R A IR A BHET 2 0 AL
BERNIEN Y7 » PLChromas v. 2.6.65 & BUEZH] (trimming)
F51 - A6 LADNAMAN v.10.3.3.064H & (assembly) IER 51 > fif
FHERE 2 4= Y5 % & s 90 (National Center for Biotechnology
Information, NCBD#&EuE » LIBLASTni#ETT AN R EL S - i
SFHATHIERIS E R Y1 R B #55% - FIFIMEGA 11 v.11.0.10%
Frol| BT 4G B (Ad8 © 28 Portier® A (2019) BY53 7 704 >
ISR E IR 2 dnaX ~ leuS ForecASEFE R P41 BRI DLAE T T 25 (i 36
FEFIA 20 FE5RI%16S 1DNA FednaX-leuS-recAFFSIEEL
B&RAGE > DI EE R ML - 2B ERS THEE
NCBI#gE - EieteE » HAHRE & AR = R IUFR -

F - KSR ER Z 5 T R EAERE R
TABLE 2. Primers used in this study and their related information

Target gene Primer Sequence (5' to 3") PCR product Reference

DI AGAGTTTGATCCTGGCTCAG
16SDNA- b ACGGCTACCTTGTTACGACTT l468bp - (26)
dnaXF  TATCAGGTYCTTGCCCGTAAGTGG

dnaX 4 aXR  TCGACATCCARCGCOYTGAGATG 0P O

leuSFErwi TYTCCATGCTGCCYTAYCCT

leuS  1euSRErwi TCCAGTTRCGCTGCATGGTT 336bp (D

recA recAF GGTAAAGGGTCTATCATGCG 730 bp W

recAR CCTTCACCATACATAATTTGGA
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TABLE 3. Reference strains used for phylogenetic analysis using 16S rDNA

sequence

Species’ Reference strains NCBI accession number’
E. coli K-12 substr. MG1655 NZ_CP032667°
D. fangzhongdai IS5 NR_151914

D. solani 1P0O2222 NZ_CP015137°
P. actinidiae KKH3 NR_125539

P. aquaticum A212-S19-A16 NZ_CP086253"
P. aroidearum SCRI102 IN600327

P. aroidearum SCRI109 IN600323

P. atrosepticum CFBP1526 NR_118295

P. betavasculorum CFBP2122 NR_118291

P. brasiliense BC1 CP009769’

P. brasiliense BZA12 NZ_CP024780°
P. brasiliense HNP201719 CP0463803

P. brasiliense JP4 MN393939

P. brasiliense 7ZBC7 MK910253

P. cacticida 1-12 NR_037102

P. carotovorum CFBP2046 NR_118226

P. colocasium LJ1 CP084032’

P. fontis M022 MH627387

P. odoriferum CFBP1878 NR_118225

P. parmentieri RNS08-42-1A NR_153752

P. parvum s0421 NZ_OANP03000055°
P. peruviense 1FB5232 MF589613

P. polaris NIBIO1006 NR_159084

P. polonicum DPMP315 MK240326

P. punjabense SS95 MH249622

P. quasiaquaticum A477-S1-J17 CP065177°

P. versatile JP12 MN393892

P. wasabiae SR91 NR_026047

P. zantedeschiae M MG761828
Pectobacterium sp. PL152 CP091064°

" E.: Escherichia; D.: Dickeya; P.: Pectobacterium.

> Accession numbers of 16S rDNA sequences downloaded from the GenBank
database of the National Center for Biotechnology Information (NCBI).

* Sequences of 16S rDNA gene were extracted from the complete genome
sequence or the whole genome shotgun sequence.
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TABLE 4. Reference strains used for phylogenetic analysis based on the multilocus sequences (dnaX, leuS, and recA)

NCBI accession numbers”

Species' Reference strains'

dnaX leuS recA
E. coli K-12 substr. MG1655 NC_000913° NC_000913’ NC_000913’
D. fangzhongdai DSM 101947 NZ_CP025003° NZ_CP025003" NZ_CP025003"
D. solani CFBP7704 MK516970 MK517114 MK517258
P. actinidiae KKH3 NZ_JRMHO01000001° NZ_JRMHO01000001° NZ_JRMH01000001°
P. aquaticum CFBP8637T MK516879 MK517023 MK517167
P. aroidearum CFBP8168T MK516971 MKS517115 MK517259
P. atrosepticum CFBP1526T MK516904 MK517048 MK517192
P. betavasculorum CFBP2122T MT683936 MT684083 MT684230
P. brasiliense CFBP5381 MT683969 MT684116 MT684263
P. brasiliense CFBP6617T MK516956 MK517100 MK517244
P. brasiliense CFBP7357 MT684036 MT684183 MT684330
P. cacticida CFBP3628T MK516923 MK517067 MK517211
P. carotovorum CFBP2046T MK516909 MK517053 MK517197
P. colocasium L1 NZ_CP084032° NZ_CP084032° NZ_CP084032°
P. fontis CFBP8629T MK516878 MK517022 MK517166
P. odoriferum CFBP1878T MK516907 MKS517051 MK517195
P. parmentieri CFBP8475T MK516972 MKS517116 MK517260
P. parvum CFBP8630T MT684049 MT684196 MT684343
P. peruviense CFBP8626 MT684048 MT684195 MT684342
P. polaris CFBP8603T MT684046 MT684193 MT684340
P. polonicum DPMP315 NZ_RITN01000001° NZ_RITN01000001° RITN01000017°
P. punjabense CFBP8604T MKS516877 MKS517021 MKS517165
P. quasiaquaticum A477-S1-117 NZ_CP065177° NZ_CP065177° NZ_CP065177°
P. versatile CFBP6051T MK516938 MK517082 MK517226
P. versatile CFBP8651 MK516880 MK517024 MK517168
P. wasabiae CFBP3304T MK516922 MK517066 MK517210
P. zantedeschiae CFBP1357 MT683921 MT684068 MT684215
P. sp. PL152 CP091064° CP091064° CP091064°

Y E.: Escherichia; D.: Dickeya; P.: Pectobacterium; T type strain.

? Download sequences of the dnaX, leuS, and recA based on accession numbers from the GenBank database of the National Center for Biotechnology Information

(NCBD.

* Sequences of dnaX, leuS, and recA gene were extracted from the complete genome sequences or whole genome shotgun sequences.
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TABLE 5. Alignment of 16S rDNA sequences of the tested strains by
BLASTn on the NCBI website

Strain Original name' Reference strain’ Identity

OR13 Ecc P. aroidearum SCRI 102 1352/1352 (100%)
ECC3 Ecc P. brasiliense BZA12 1353/1353 (100%)
ECC17 Ecc P. brasiliense BC1 1353/1353 (100%)
TSR25 Ecc P. brasiliense BC1 1353/1353 (100%)
CY-1  Pectolytic bacterium  P. brasiliense HNP201719  1353/1353 (100%)
Bsro Ecc P. brasiliense 7ZBC7 1348/1353 (99.6%)
Bsr9 Ecc P. brasiliense 7ZBC7 1348/1353 (99.6%)
ECC35 Ecc P. colocasium LJ1 1351/1353 (99.9%)
CY-2 Pectolytic bacterium  P. versatile JP12 1353/1353 (100%)
ECC7 Ecc P. sp. PL152 1353/1353 (100%)
Bsr21 Ech D. fangzhongdai JS5 1353/1353 (100%)

" Ecc: Erwinia carotovora subsp. carotovora; Ech: Erwinia chrysanthemi.

D, Dickeya; P.: Pectobacterium.
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Fig. 1. Phylogenetic tree reconstructed from sequences of 16S rDNA gene
of Pectobacterium and Dickeya strains. Phylogenetic analysis was
completed using MEGA11 by the neighbor-joining method with 1,000
bootstrap replicates (only bootstrap values larger than 70 are shown).
The Escherichia coli K-12 substr. MG1655 strain was used as the
outgroup.
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Fig. 3. Maceration potential of tested strains on potato tuber slices and onion scale leaves. After incubated at 30°C for 24 hrs., the sizes of macerated area were
measured and recorded (two vertical diameters / 2). Means with the same letter were not significantly different (p < 0.05) by Fisher's least significant
difference. The error bar represents standard error of mean on column marked with different lowercase letters indicate significant difference > 95%. P.b.: P.
brasiliense i P.a.: P. aroidearum i P.c.: P. colocasium ; P.v.: P. versatile : P. sp.: Pectobacterium sp. ; D.f.. D. fangzhongdai ; CK: sterile water.
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Fig. 4. Results from the indigoidine production and pectolytic activity assays. A. Strains on NGM medium were incubated at 30°C for 3 days. B. Strains on CVP

medium were incubated at 30°C for 1 day. P.b.: P. brasiliense ; P.v.: P. versatile ; P. sp.: Pectobacterium sp. ; D.f.: D. fangzhongdai : Control:

sterile water.

Fon o i ER B OB RE R I REB R EES S
TABLE 6. The indigoidine production ability and pectolytic activity of the
tested strains

srin O g bimide oo
OR13 Ecc P. aroidearum +
ECC3 Ecc P. brasiliense +
ECC17 Ecc P. brasiliense +
TSR25 Ecc P. brasiliense +
CY-1 Pectolytic bacterium  P. brasiliense +
ECC35 Ecc P. colocasium +
CY-2 Pectolytic bacterium  P. versatile +
ECC7 Ecc P. sp. +
Bst6 Ecc P. sp. +
Bst9 Ecc P. sp. +
Bsr21 Ech D. fangzhongdai + +

"“Ecc: Erwinia carotovora subsp. carotovora; Ech: Erwinia chrysanthemi.
> D.: Dickeya; P.: Pectobacterium.

* Indigoidine production ability is based on the blue pigment formed on NGM
medium at 30°C for 3 days.

* Pectolytic activity is according to the cavity formation on CVP medium at
30°C for 1 day.
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Fig. 5. Growth of tested strains in nutrient broth adjusted to different pH values at 30°C for 24 hrs. The error bar represents 95% confidence intervals. P.b.: P.
brasiliense ; P.a.: P. aroidearum ; P.c.. P. colocasium ; P.v.. P. versatile ; P.sp.: Pectobacterium sp.  D.f.: D. fangzhongdai.
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ABSTRACT
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bacterial soft rot pathogens of vegetables in Taiwan. J. Plant Med.
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Soft rot bacteria of the genera Pectobacterium and Dickeya
are important pathogens that cause the soft rot diseases in plants.
They can infect a variety of economic crops and cause severe losses.
Soft rot bacteria were originally classified to the genus Erwinia.
With the progress of molecular taxonomy, their taxonomic status has
been revised and new species continue to be discovered. Thus, it is
necessary to understand the soft rot bacteria in Taiwan again. Based
on 16S 1DNA, dnaX, leuS and recA gene sequences, we analyzed
the phylogenetic placement 9 strains of the original Erwinia genus
and 2 unknown strains of soft rot bacteria of vegetables. Results
showed that the original E. carotovora subsp. carotovora strains
were classified as P. aroidearum, P. brasiliense, P. colocasium,
and Pectobacterium spp. and the original E. chrysanthemi strain
was identified as D. fangzhongdai. The unknown strains were P.
brasiliense and P. versatile. Almost all tested strains were able
to induce soft rot symptoms on potato and onion. Only strains
belonging to P. brasiliense did not induce symptoms on onion.
There were significant differences among the symptom severities
caused by different strains. All tested strains can produce pectolytic
enzymes, but only the D. fangzhongdai strain can produce blue
pigment. Tested strains were able to grow in nutrient broth adjusted
to pH5 to pH10, but not in those adjusted to pH4. There were
significant different among the ODg,, values of different strains.
This study revealed the species diversity of soft rot bacteria causing
vegetable diseases in Taiwan. The results will help to understand the

current status of bacterial soft rot in Taiwan.

Keywords: Soft rot bacteria, Pectobacterium, Dickeya, Species

diversity, phylogenetic tree



