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Abstract The pathogenicity of a pathogen isolated from the radish samples with the typical symptoms of soft rot
in the Wuling Mountain in western Hunan was studied, and then the strain was identified by cultural and morpho-
logical characteristics, physicochemical tests, multilocus sequence analysis (MLSA) of 6 housekeeping genes (gap-
A, icdA, pgi, rpoS, mdh, proA). The results showed that the bacterial pathogen was Gram-negative, rod-
shaped with strong pathogenicity of soft rot and infected various economic crops belonging to 13 genera in 8 fami-
lies. The results showed that the strain shared a high similarity with Dickeya fangzhongdai. We determined the
toxicity of 7 bactericides by the inhibition zone method. The results showed that agricultural streptomycin, SPP3
and SPP4 inhibited the growth of Secpp 1600 and there were significant differences among them in the inhibition
rate. SPP4 showed the best direct antibacterial effect and the minimal inhibit concentration was 900 tg/mL.
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a: fELBREFREE |, Secpp 16007E34°CHiFR24 hZ JR WAL b: 1 000£% FHIAIEZ; ¢ Secpp 160045 MR EiE
a: Colony morphology of Secpp 1600 strain at 34°C on LB medium after 24 h; b: Cell morphology observed at 1 000x magnification;
c: The symptoms of the soft rot disease caused by Secpp 1 600 strain in Raphanus sativus

1 Secpp 1600 FEHRIEFFAFIEMELEE MER
Fig. 1 The culture characteristics of Secpp 1600 and symptoms of infected radish
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RN HEFN S DY Secpp 1600 Hhik 11 1]
2 ZARGER L D AR P AR UK (B o), 5
FTRDEAR— 2, e WA AR G LM g S S e
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Table 1 The disease grades of Secpp 1600 on
different vegetables

BREFIZE Vegetable Secpp 1600 CK
## [ Radish +++++ —
LA Potato A -
% i Tomato “FAFaE —
B Sweet potato — _
%% Mushroom _ o
% |~ Carrot +++ —
4 )X Winter gourd +++ —
B Lettuce +++ —
?ﬁm Pepper +4++ o
¢ Garlic _ o
#irh Garlic bolt +++++ _
A1 Green onion +++++ —

Z5BkH 5 Cabbage 4 _
F93% Chinese cabbage L —

D) CK, XfHa; 0%, —; 14, +32 %%, ++:3 %, +++:4 %%, +
+++5 %, +++++.
CK, control (DW, distilled water); grade 0, —; grade 1, +;
grade 2, +-+; grade 3,+++; grade 4, +-+-+-+; grade 5, +
++++.
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I A A AR 4R AR T E 5 2 B, &K B Secpp
1600 REAL R TFHI 20 . 75 King”s B 1} 374k FANRE
PR ER  FEHIRIA S OB R 1 | A
MR-VP {55 S8 A0 B 1A B K e h 24 3R
PR BAYE . 7 BRI )1k g0 H , Secpp 1600 H 234
J NO*™ 25 Secpp 1600 A RE ™ Az i 61k AU 5
Secpp 1600 BEFIFH D-(—) Fbl . o-D-FLHE . D-(+)-
HORERESE , R RERI T D-CH)-E s D-(H) -t =
B A H —WESE , RERLSS HUR FH D-(+)-22 284
FGR 2, U EZRE/R, EEENERA YR
BRI 22 548 45 b ARG Samson 55 7R Y45 24,
Secpp 1600 5 “Phenonl ™ il 1 45 5 26 81 1% B Ak
REARISH SR B ARE Van der Woll %8 JE/R (1)
ZEHL ZE MRS D. solani 1 D. dadantii subsp. da-
dantii L5 s M Parkinson 55 7R 455,
ZHE M S D. dadantii subsp. dadantii NCPPB
898" 45 RIS AR TF S Secpp 1600 fE /K fif
P 2R 5 ARAE I A ORISR X S D. da-
dantii subsp. dadantii NCPPB98, D. fangzhongdai,
D. solani NCPPB4479" Fil D. zeae NCPPB3531 4§
TEZEAL s AN Z AL FE T 5o I8 08 435 0 s 2 1 1)
AR R ARG A 45 S AT L) A B A Secpp
1600 J& T Dickeya J& {H )& b1 T & A ALY A 1
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32 Secpp 1600 EHEAEIEAELEFR"Y

Table 2 Physicochemical characteristics of Secpp 1600 strain

A3 A= ki 56 Physicochemical test ZER. Result Az 3 A AL 5 Physicochemical test 25 Result
22 [GYef Gram’s staining = %k D-(+)-Glucose =
AL R BAR IS O-F test I HEME Sucrose A
P & 77 2 Fluorescent pigment production = %85 D-Ribose 4=
AALEFE M Oxidase activity Delayed+ H & 4% D-Mannose aF
F4 R iA 5 Nitrate reduction T KB Xylan aF
HH i 7K fi#: Gelatin hydrolysis test i JILEE Inositol an
yp#s W Egg yolk reaction == A¥E D-Xylose -
fi% % /K fi# Hydrolysis of casein = FBERE Dulcitol =
H,S 774 H,S production v F¥E o-D-Lactose =
WEFR It 5 Phosphatase test I F B D-Galactose A
AL A FA L Catalase test = {4 L-(+)-Arabinose aF
15| =4 Indole production == 214 — 3 D-(+)-Cellobiose -
VP i3 Voges-Proskauer test I % 2 D-(+)-Maltose w
L2135 Methyl Red test I WS Dextrin w
Bk D-(-)-Fructose == Hih Glycerol aF
W3l D-(+)-Trehalose = K#H D-Salicin 4
&L D-Sorbitol — 2% — Bt Melibiose A
3o D-NE R 2E UM Methl-o- D-glucopyranoside = A =HE D-(+)-Melezitose =
H # % Mannitol I S5-4E S A BEER S 5-keto-D-gluconate =
SEREE L-Malic acid a4 ¥ D-(+)-Raffinose =
FLE& Lactic acid T Je % B-Gentiobiose aF

1) 100% BHPERIE » + 5100 % BAPE S » — 5 BRRIAIAFRAE B9 SN » V3 38055 B8 S » W o
100% positive, +; 100% negative, —; Variable, V; Weak reaction, W.
2.4 MLSA-ZAMLR S5 H Ech586 45 B A iy [a] i 56 X W) 5 910, 38 43 9] - 4
i1 BLASTh X, Ak GenBank FRERHL Secpp 1600, 38 3 Bz s A ASAP Fdls 122 35 HCHL Ath, P AR 38 23 #H ¢
D. dadantii DSM 18020, D. dadantii 3937.D. zeae  JFH|IIFE 3 Fis .,

&3 gapA, icdA, mdh, pgi, proA FlrpoS EEZEEZHHXEMHE NCBI 75 SF1 ASAP 73S
Table 3 NCBI accession numbers and ASAP 1IDs of gapA, icdA, mdh, pgi, proA and rpoS genes of

some reference strains in GenBank and ASAP database

Wifk Strain

gapA

icdA

mdh

pgi

proA

rpoS

Secpp 1600

D. dadantii DSM 18020

D. solani ND14b

P. carotovorum subsp.

arotovorum PC1

CP023484. 1.
2413127-2414122

CP023467. 1
2393176-2394171

447355-448350

AFL-0006828

CP023484. 1:
2717557-2718810

CP023484. 1.
2690593-2691846

160246-161499

AFIL-0006720

CP023484. 1.
657191-658132
CP023484. 1.
669706-670647

2124589-2125530

AF1-0005107

CP023484. 1.
4544359-4546007
CP023484. 1.
4389844-4391493

3363321-3364969

AFL-0009008

CP023484. 1.
3958016-3959269
CP023484. 1.
3812065-3813318

3952941-3954194

AFL-0009043

CP023484. 1.
4029324-4030316
CP023484. 1.
3883835-3884827

D. solani PPO 9019 CP017454. 1. CP017454. 1: CP009460. 1: CP017454. 1. CP009460. 1. CP017454. 1.
442377-443372 136513-137766 2124589-2125530 3309409-3311057 3952941-3954194 3865856-3866848

D. solani D s0432-1 CP017453. 1. CP017453. 1: CP017453. 1: CP017453. 1. CP017453. 1. CP017453. 1:
449156-450151 143291-144544 2088892-2089833 3316193-3317841 3943827-3945080 3873394-3874386

D. solani TPO 2222 CP015137. 1. CP015137. 1: CP015137. 1: CP015137. 1. CP015137. 1. CP015137. 1.
4467515-4468510 4773122-4774375 2827833-2828774 1599820-1601468 972581-973834 1043275-1044267

D. dianthicola RNSOA. 9 CP017638. 1: CP017638. 1: CP017638. 1: CP017638. 1. CP017638. 1: CP017638. 1:
1894890-1895885 2157545-2158798 406805-407746 3910856-3912504 3308211-3309464 3377260-3378252

D. seae MS2 CP025799. 1. CP025799. 1: CP025799. 1: CP025799. 1. CP025799. 1. CP025799. 1.
2255968-2256963 2521093-2522346 644810-645751 4143589-4145237 3599814-3601067 3669252-3670244

D. zeqe EC1 CP006929. 1. CP006929. 1: CP006929. 1: CP006929. 1. CP006929. 1. CP006929. 1.
2049504-2050499 2294955-2296208 635329-636270 3995120-3996768 3386931-3388184 3456559-3457551

D. solani RNS CP016928. 1. CP016928. 1: CP016928. 1: CP016928. 1: CP016928. 1: CP016928. 1:
08.23.3.1. A 205811-206806 511418-512671 3488597-3489538 2260569-2262217 1633331-1634584 1704024-1705016

D. fangzhongdai CP025003. 1. CP025003. 1: CP025003. 1: CP025003. 1. CP025003. 1: CP025003. 1:
DSM 101947 2401660-2402655 2694996-2696249 735635-736576 4464250-4465898 3852419-3853672 3923308-3924300

CP009460. 1. CP009460. 1: CP009460. 1: CP009460. 1. CP009460. 1. CP009460. 1:

3882332-3883324

AFL-0008504




45 55 4 1)

P H WA — BRI IO ) I T M A P 24 R

¢ 153 -

it 6 NMEFENE gapA, icdA, pgis proS, mdh
i proA WG RGEALM S5 R 53 Hr (8] 2) 4 Dickeya
Erwinia fl Pectobacterium J@& i) F 5 LI = B
Bootstrap value R7EA[F] 43 32 . 15 B ) & 1) B8 ik o

LR F N, Dickeya sp. Secpp 1600 F1 D. fang-
zhongdai DSM 101947 BAKAE 3£ K Riw i —4
4337, Bootstrap value ik 100, 4 [RTR A & P4
WK RGO RIS AL REEAR G —

—— Pectobacterium carotovorum WPP14
L Pectobacterium carotovorum subsp. carotovorum PC1
— — —Erwinia amylovora ATCC 49946
_,— — —Erwinia amylovora CFBP1430
— — —Erwinia amylovora ATCC BAA-2158

100 100

Dickeya chrysanthemi Ech1591
Dickeya zeae Ech 586

——
|_':Dickeya zeae EC1
79 Dickeya zeae MS2

100

100 100

100

100

Dickeya dianthicola RNS04.9
Dickeya solani ND14b

——
\_':Dickeya Jfangzhongdai DSM 101947
100

Dickeya sp. Secpp 1600

— Dickeya dadantii 3937

Dickeya dadantii DSM 3937

98

100
100

100

Dickeya solani PPO 9019
Dickeya solani D s0432-1
Dickeya solani IPO 2222
Dickeya solani RNS 08.23.3.1.A

B K H R {E (Bootstrap value)fhii1i% &1 000IREH o 4fa a6 5idkb 2 2 MR K Pectobacterium, ErwiniafDickeya

Bootstrap values are calculated by 1 000 replicates. The green, orange and blue are as indicate Pectobacterium, Erwinia and Dickeya, respectively

& 2 Dickeya, Erwinia F1 Pectobacterium 19 NEHRE 6 NEHRER icdA, pgi, proS,
mdh, proA, milD %4 & ARG ER
Fig. 2 The original tree of concatenated sequences of gapA, icdA, pgi, proS, mdh, proA of 24 strains

belonging to the genus Dickeya, Erwinia and Pectobacterium by using the neighbor-joining method

2.5 FEFAMNEABHZE

i e 2RO R FFEE R EREZ W
SPP1 F1 SPP2 X 4 J&L 14 A 30 b A FH 5 A FH B
2 .SPP3 1 SPP4 ] 41 il 5 T AE < v A FH 5

2 5 SPP4 I ROR BT, 5 SPP3 24 141 7 280U R
255 3 (P<0. 05); 7E3% 3 Fp 2 7 b 3 vy, A [+]
Tofs ()41 B 80 R TG ik 2 25 S (3R 4D 5 1 T P8R A
Kl 3 s,

a: 2 500 pg/mL; b: 1 500 pg/mL; c: 1 000 pg/mL; 1: HBHEER; 2: WIRZW; 3: {555 H; 4: SPP1; 5: SPP2; 6: SPP3; 7: SPP4; 8: %fi#
a: 2 500 pg/mL; b: 1 500 pg/mL; c: 1 000 pg/mL; 1: Kasugamycin; 2: Bordeaux mixture; 3: Agricultural streptomycin; 4: SPP1; 5: SPP2; 6: SPP3; 7: SPP4; 8: CK

3 FRKEREFMEIR

Fig. 3 Antibacterial effects of bactericides at different concentrations

YRR P 2 . SPP3 & SPP4 i 13 He b ik 7
7T e/ DR e e (MIC) I SE . 255 R (32 5),
MIC 435124 1 080,1 800 1 900 pg/ml., SPP4 MIC
A, B Bk, RO AR FBERE 2 B b SPP3.,
3 Zit5itie

Dickeya &= Samson 28T 2005 8% “E. chrysan-

themi complex” 55§ 432 R S7 (18 J8 L Horp— 26
PB4 25 M A — ELTFEAB 3T, 80 AP L 76 A Brm AL,
Brady . Van der Wolf, Parkinson &% J5 1 AR A 1k,
W i JDNA 2258 ,16S rDNA 8 Hex) 2L
RGBT AR IR — BT e kT8 T
D. dadantii D. solani D. aquatica ZE P52 FHA
ATSER LA B2 TT 125 B G 107 1R 0 e S5 J T 1 A
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R4 3FEFIXE Secpp 1600 FIHNE R
Table 4 The inhibition rates of 3 bactericides to Secpp 1600

Zi SR el /%
Bactericide Concentration Inhibition rate

72% A HEER R WP 2 500 (6310. 04)a
agricultural streptomycin 1 500 (56=£0. 02)a
72% WP 1000 (56+0.05)a
SPP3 2 500 (44=0.00)b

1 500 (44=£0.00)b

1 000 (35740. 05)b

SPP4 2 500 (5940. 09)a

1500 (6140. 06)a

1 000 (6140. 06)a

1) Bl A P (ARt 22, [R5V 5 A TR/ SRR 7R 25 53 Wik
2 (P<C0.05),
Data are presented as meandstandard deviation. different low-
ercase letters in the same column indicate significant difference

(P<<0. 05).

RS 3 FZGFRT Secpp 1600 BIF/NDE K E"Y
Table 5 The minimal inhibition concentrations of

4 bactericides to Secpp 1600

55 SbFHR R / ﬁ]]$/% o/ NI/
Bactericide 7 pgemlL ! Inhibition pgemL !
Concentration rate MIC
2% R AEETER WP 3 000. 00 100+0. 09
agricultural 1 800. 00 10020, 06
St;;‘%m;‘(;’;in 1080.00  100-40. 03
648. 00 394-0. 08
388. 80 35+0. 04 o
233. 28 29+0. 07
139. 97 3240. 07
83. 98 28+0. 02
50. 39 30+0. 04
30. 23 1040, 12
SPP3 5 000. 00 994-0. 00
3 000. 00 99-0. 00
1 800. 00 990. 00
1 080. 00 554-0. 02
648. 00 26+0. 03 1 800. 00
388. 80 27+0. 08
233. 28 1740. 05
139. 97 1440, 09
83. 98 1240. 05
SPP4 2 500. 00 1000. 00
1 500. 00 1000. 00
900. 00 98+0. 03
540. 00 4940. 01 900. 00
324. 00 51-£0. 01
194. 40 480, 02
116. 64 4940, 02

D Bl R P pR 2z

Data are presented as mean=standard deviation.

3B D. fangzhongdai FFrH . 4§ Dick-
eya J@ EBAFE D. dadantii, D. chrysanthemi, D.
solani M1 D. zeae 2 8 NFh2Y | WUAEM AR ES
RIERIALHE T = FE R Dickeya J& N4 E 7
AR R BT LA ERIESE S s T 1 4 501 4 4
7 S R B AR S (H 2R R K
193 AR AE—E 4L

XF Secpp 1600 #E47 A= AR 1k %5 0 1 25 SR 1,
Secpp 1600 5 D. dadantii \D. fangzhongdai, D. solani
1 D. zeae WHRFFEIE M), B2 ERAET M
ORI I ROK AR . NS N A O R
HIRRAE Dickeya J&. 5 D. fangzhongdai D. solani
D. dadantii 7 Z 5T .

T AR VA AT Ry AT M E BRI E T
B, mn gt A RO AGERMEZS R . H i ERCR
BE AR R 2R A I E R T, B 25 28 e 1S
PR IR B R TR C I 1 5 BT 24 O e % s 4 3 7 JE B 5
1 ELXE T 58 R M 5 Ak 2 B iR T BT oy b
ABEFE A T ik Dickeya sp. Secpp 1600 BJj ifi 2
e T AR GE 250 e 25 3L 7 Rh 250 2R AT = N B
RO, 45 R BoR BF R RV IK Z W SPPL Al
SPP2 X 12 93 J5t 1 G B He 40 i A . R B R R
SPP3 il SPP4 n] ELHAMHlIZH i 194 K . SPPA 1y
S /NI Ve BE /N T AR I BE R R R A AR
RIVEERGE R M — LI R Ty . i [ 45 3 %5
I %ok H Al % 532 ) B0H ) K D 32 T ok e ™ R A
ZIAETAEY) 5 B3 T R AR AE S
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