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Isolation and identification of a pathogenic bacterium causing
soft rot of Phalaenopsis in Zhejiang Province and
variety resistance evaluation

REN Dongdong, TANG Jiyong, CUI Yongyi, XIN Jingjing”
(College of Horticultural Science, Zhejiang Agricultural and Forestry University, Hangzhou 311300, China)

Abstract In order to clarify the pathogen species of soft rot of Phalaenopsis in Zhejiang Province and the
difference in disease resistance of different Phalaenopsis varieties, the pathogen of Phalaenopsis soft rot
was isolated and identified by the morphology, physiological and biochemical characteristics of bacteria
and phylogenetic analysis. The resistance of different Phalaenopsis varieties to soft rot was evaluated by in
vitro leaf inoculation method. The results showed that: 1) The pathogenic of Phalaenopsis soft rot were
Gram-negative bacteria. The colonies were milky white round or nearly round on nutrient agar (NA) medium
(without glucose), and the colonies were light purple on nutrient glycerol manganese (NGM) medium. The
single bacterium was observed to be rod-shaped. 2) Based on 16S rRNA, dnaX, gapA and recA genes, a
multi-gene phylogenetic tree was constructed, and the analysis showed that strain B belongs to the same

branch as Dickeya fangzhongdai B16. 3) The resistance of 40 Phalaenopsis varieties to soft rot in vitro was
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evaluated. It was discovered that there are 1 high resistant variety ‘ES L20°, 1 resistant variety, 14 moderately

resistant varieties, 18 susceptible varieties and 6 highly susceptible varieties were identified. In this study, the

pathogen causing soft rot of Phalaenopsis in Zhejiang Province was identified, and the resistance information of

some Phalaenopsis varieties was provided. This study laid a foundation for further research on the

characteristics of disease occurrence and prevention methods and breeding disease-resistant varieties.

Keywords Phalaenopsis; soft rot; pathogen identification; Dickeya fangzhongdais; resistance evaluation
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Table 1 Primers sequence for molecular identification

B/ B 19 51 (5'-3D 7= B /bp 2% SCHR
Primer name Primer sequence (5'-3") Product length Reference
27F AGAGTTTGATCCTGGCTCAG
1504 [10]
1492R CGGTTACCTTGTTACGACTT
dnaXf TATCAGGTYCTTGCCCGTAAGTGG
536 [16]
dnaXr TCGACATCCARCGCYTTGAGATG
recAf GGTAAAGGGTCTATCATGCG
737 [17]
recAr CCTTCACCATACATAATTTGGA
gapAf ATCAAAGTAGGTATCAACGG
932 [18]

gapAr

TCRTACCARGAAACCAGTT
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Table 2 Classification standard of disease index

9 175 6 £ B
Disease index Disease resistance

0.00 B (D
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(a) and (b): The middle stage of soft rot development; (¢) The soft rot disease caused leaf decay; (d) The leaf fall off and the stem

gradually decay in the late stages of soft rot.
Bl SR =G R
Fig. 1 Phalaenopsis soft rot disease plant
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(a)Linglong; (b)Baitiane ; (¢)Diyiming ; (d)Xiaonvhai; (e)Burgundy ; () Xiaokeai. (a)-(f)Phenotypes of different varieties inoculated with

strain B after 24 h. The left side of the leaf midrib was inoculated with the bacterial suspension, and the right side was

inoculated with the NB medium as the control.
B2 RERENERDNE

Fig. 2 Determination of the pathogenicity of soft rot bacteria
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(a) Diseased leaf tissues are cultured on NA medium; (h) Colonies
after 36 h of culture; (¢) Colonies after 30 h of incubation on NGM
medium; (d) Gram staining under 100 X oil lens.
B3 EHRBEREESEUR
Fig. 3 Morphological observation of the pathogenic bacteria

strain B
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Table 3 Physiological and biochemical characteristics of strain B

Az B A AR R AE B B A B A AR R AE Witk B

Physiological and biochemical characteristics Strain B Physiological and biochemical characteristics Strain B
39 CA: K Growth at 39 °C + fiE #£ I 7 4= Indole production +
iz 8 PE i 5 Kinetic test + i 20 B2 i #2& Decarboxylated lysine —
KN & 2 i & Phenylalanine deamination - 5 & R B ¥ Decarboxylated ornithine -
] %5 B R £ 401k Gluconate oxidation - 14 F B% & W% Fermented raffinose
i £k & 7= 4= H,S production — AN % ¥ Fermented xylose
3L 213056 Methylred (MR) test — WEBE % % Fermented sucrose
Z Tk 3 B B Voges-Proskauer (V-P) test - 111 24 i % 1% Fermented sorbitol —
A% R 8 R Citrate ultiliazation + H &% W% & % Fermented mannitol +

JR & /7 fi# Urea decomposition -

] 4> 2% 46 % % W% Fermented adonitol —

TE "R A =" RoR B

Notes: + indicate positive; — indicate negative.
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D. dadantii strain 3937 1

D. dadantii strain M2-3

D. dadantii strain DSM 18020

D. dadantii subsp. dieffenbachiae strain NCPPB 2976

D. solani strain IFB0167

D. solani strain IFB0223

D. solani strain [FB0421

D. fangzhongdai strain DSM 101947

@B

D. fangzhongdai strain B16 .

D. fangzhongdai strain ZXC1 Dickeya genus

D. dianthicola strain 16JP03

D. dianthicola strain ME23

D. dianthicola strain PA24

D. chrysanthemi strain Ech1591

D. chrysanthemi strain NCPPB 3533

D. chrysanthemi strain NCPPB 402

D. zeae strain WHI1

D. zeae strain CE1

D. zeae strain PL65 h

E. amylovora strain ATCC 49946 :| 2 s

B Erwinia genus

E. amylovora strain CFBP1430

P. carotovorum subsp. carotovorum strain PCC21 7]

P. aroidearum stra%n QJ021 Pectobacterium gemus

P. aroidearum strain YKX

P. carotovorum subsp. carotovorum strain PC1 ]

Pseudomonas grimontii strain DSM 17515

4 ETF16S rRNA.dnaX.gapA MrecARBFIHENSERBKEGRELEWN
Fig. 4 Multigene joint phylogenetic tree constructed based on 16S rRNA, dnaX, gapA and recA gene sequences
R4 TEHIE=RMARERTENER
Table 4 Evaluation results of soft rot resistance of different phalaenopsis varieties
it P G FeRh s Yo X 4 " L s
. il 24 B , 9 BETET AR/ em I 5 L P AL
Variety . Incidence of ] ) ) ]
Variety . . . Lesion area Disease index Resistant type

No. inoculation point
PO1 KB Phal. * Big chili’ 100 4.26+0.50 68. 33+ 3. 60 cdefghi S
P02 =14 Sanseniao 100 4.66+0. 35 71.67+11. 79 cdelgh S
P03 Al Xiandi 95 4.60+0.78 69.4446. 71 cdefghi S
PO4 /N4 #% Xiaonvhai 100 4.7240.32 73.8940. 79 bedefg S
P05 2K i Zishuijing 100 6.8840.40 93.3349.43a HS
P06 ¥ B Linglong 95 5.63+0.77 78.8949. 56 abede S
P07 LRUNFE Ivruyi 100 5.2540.54 77.2245. 50 bedef S
P08 . JE#i Juwuba 100 5.64=+0.44 82.22+13. 70 abc HS
P09 4/ FE Jingongzhu 100 2.4840.33 43.8942.83 mn MR
P10 /] 2 Xiaokeai 95 3.6240.53 56. 114-2. 83 hijklm MR
P11 75 K A# Huangtianshi 95 4.24+0.66 65. 554-8. 75 defghijk S
P12 £ J5 Huanghou 80 3.5240.43 57. 784 3. 14 hijklm MR
P13 21 #§ Hongmei 90 5.2240.30 80. 56+4. 78 abede HS
P14 i Jixiang 100 4.09+0.49 65.00+7. 58 efghijk S
P15 ZL 3% Tina 35 100 5.16£0. 24 81.1149. 56 abed HS
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Fd (8D
S PR R Vs ‘ ‘ o
. it 4 R . 93 BRE T AR /e o 1 4 £ PR
Variety ) Incidence of ) ) . )
Variety . . . Lesion area Disease index Resistant type
No. inoculation point
P16 424t Nvshen 100 3.72+0.48 57.7843. 14 hijklm MR
P17 %5 — 4 Diyiming 100 2.78+0.41 46.11£0. 79 Imn MR
P18 21 K fifi Hongtianshi 100 3.98+0.51 61.6742. 36 fghijkl S
P19 fL#E I Bt Kongquekaiping 85 2.95+0.44 51.1146. 28 kimn MR
P. (Mituo Sun X Palace )
P20 100 3.24+0.61 51. 67=8. 50 jkimn MR
Reef) ‘red’
P21 P. Chienlung Sweet Heart 95 4.38+0.43 67.2246. 14 cdefghjj S
P22 P. Tzu Chiang Chrisna 100 2.77%0.52 47.2246. 14 Imn MR
P23 P. Lyndon Mix Zebra ‘809’ 85 3.77+0.67 56.104-2. 84 hijklm MR
P24 P. Sogo Chabstic 100 5.88+0.59 88.33+£3.60ab HS
P25 P. CS559P. mannii 100 4.23+0.63 61.6745. 93 fghijkl S
P. KS Happy Eagle X P.
Samera “BK”(P. belline X
P26 100 5.13%0.31 75.00=£7. 58 bedef S

P. hieroglyphica “8cm™) X
P. Yu Pin Polar Bear

P. (Tzu Chiang Balm X
P27 ) 20 0.4740.16 8.33%£3.600 HR
Taida Pear]) ES 1.20

P28 &0 = Tianxingongzhu 95 2.74+0.18 45.0047.07 mn MR

P29 F£VKVK Saibingbing 100 3.3140.63 53.8940. 79 ijklmn MR

P30 [ K # Baitiane 100 2.69+0. 47 45.56+4.16 mn MR

P31 4 KI5 Taidaweixiao 100 4.99-+0.53 76.67+4. 71b bedef S

P32 HEAH Ponkan 80 2.33£0.40 40.0045.45n R

, ETT TN ,

P33 o 100 2.8240.49 48.3343. 60 Imn MR
Luomanshigingren

P34 1 K41 Dips. Queen Beer 100 4.4440.48 70.56+6. 71 cdefgh S

P35 K5 Burgundy 100 5.50=+0. 39 81.67+2. 36 abc HS

P36 LI Zidie 95 3.64+0.11 58.324-11. 12 ghijklm MR
INEDG I S P equestris .

P37 100 4.7240.66 68. 89+8. 31 cdefghi S
var. albaXsib

P38 2018l Narbonne 100 4.40+0.29 70. 00=+8. 16 cdefgh S
BIEE B MANTA .

P39 95 4.5440.54 69. 454 3. 93 cdefghi S
PENIDA

P40 Pt 4E i Las Vegas 80 4.844+0.40 77.22+9. 06 bedef S

TE < [R50 B 0] AN 5] /NG <7 g 37 it R ) 22 53 8 35 (P<0. 05)

Notes: Different lowercase letters between the same column data indicated significant differences between varieties(P<<0. 05).
B 2 FHT 22 B AR R HRIR P B 22 R 0 — o DU A A A R 3 0 6

HZ— HOW I Ol R R R LR AT EE . SEORTEIE , 7350 1% Bl 2 B 0 IR T 6 4
A58 DA 5 R I VAN ] 3 DX 32 90068 o TR A % A BT il BRSO R 22 o g I B R, EL PRI B
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AASR R HUE S R B R B S 0.6.12.24 h B BRI I8 24 hiy
WGBE R, P27 WP AP, (Tzu Chiang Balm X Taida PearD) ES
L2075 PO9: Py fh AP ¢ 420 327 s P14 J8 b Al 5 4R POS : i R
¢kl H
KA.

Lesion phenotypes of 4 different resistant varieties at 0, 6, 12 and 24

h after inoculation with the strain B and inoculation control at 24 h. P27:
High resistant variety ‘P. (Tzu Chiang Balm X Taida Pearl) ES 1.20° ;
P09: Moderately resistant variety ‘Jingongzhu’ ; P14: Susceptible variety
‘Jixiang’ 5 PO5: High susceptible variety ‘ Zishuijing” .

5 AN REHERTIRTE N B ISR E R E R R R
Fig. 5 Lesion phenotypes of 4 different resistant varieties at

different time periods after inoculation with strain B

gtk AE e R T, 28 S S AR A AR AR
PERE G N5 A= W2 58, 45 SR R W1 J5L T R D.
Jangzhongdai. %R S J& 1) 1l JE [C 8 4H 7 HE X 2 Fh
EY SRR E AL E Rk SBRE Fi
AL R A5 H AT SO PR T ™ 5 Y 10 R
Wi R R 2 —"'. D. fangzhongdai 3= 2016 4F )\
BB K o B IR G 2 NG KT i 2
B PR Y- M A T () D 3 AT A S R R
T IG T 8 M — BB 5 RS v A HE W 3 00 s D, TE AR
A 5 D. dadantii . D. dianthicola #1 D. solani
Oy HAEIT . D. fangzhongdai 75 )12, HA B8
O HE 1, RE % 5| R 2 Fh B 20 4E U RO e L
BT KA AR A A AR Y AR A
i DL oy 3 7R R R AR T, AT
SR ERERE ERERETHE . R, % EE
S PRYE A ok | R W 2 S 2 AR R 2 A
22 REIE OB o Zhang % HE 2018 4E X T AR A
] B 22 TS o TR R AT 4 R DR AR ), 45 SR E S B
W N D. fangzhongdai , % 5212 W 7E [ 4 51 & 8185 >

O OW M oE R ME . A BF 5T kR B, D.
Jangzhongdai ¥ 43 B Bk P 7E 7K i I B A7 35 OF © B
JEHI 3 B, DRI A ) O =2 0 % A B g R v 7 T
TR K 5T R R 35, 6 K IR 0 R A A B 5 o 5 4k
T 3hE G 18 N KR A2 0 T AE TS g . TR [
DX ) A5 22 0T 55 905 A BT S [R] L A BIF 5 4 5 ) — il
S B VL b DT 2 T g B9 DT L T O Y A
o P 0B 9 s T 7 4 i ARk ) B S

N T4 ol R A7 B0 90 1 2 2 0 3 0 6 T 9 o
iy — i 2 oL A s AR O N A
T — B FA R DR OROR A2 Ah A
Be S Ak 5w e /N SRR S BT N T R R LR
IR VG A5 BE 24 W e At S e . AR RO
T 00 3 60 T R A 0 2 vt R T AR A TR TR
1) FH 76 TR AR O BB BRT VR 3 T e L &, 1 ] A
JEE 9 T E MR EE O3 AT AR Y L 31X 5 Tk 2 0 S I B
FEAE FARML WA 5 R BTk BEAT 40 H AT
PR X ] A 2 A JE 5 14 BF 5 2 AR P B0 B Y 4 S
FSESE AR A [F] 918 == 5 R b 5 o5 AN 5 T A
FEARRS LD o AHIE T 1o B A 45 6 B 4 R Y
Ji i R 40/ W 2= SR EAT T BUR AR TR L SR B
7R R 43 i Al Ay S R R 5 CES 1.20” X 08
BRI B P B T o LA SR A
E B A AR AR Ay WU 22 PR 8 (9 SR A, R4 T 1)
FF. HHET ES L20° &R0 48 i B 1= 4 19 32 AL
i W ARG A L B RO B B R R
I 1 53 AL 42 0 AR DG BT L R, AT R B2 B iR
R 0 R B KE =2 T R 7 P I Y B A

4% #

A 5 R T 2H 28 5 15 6 X T VT b X 0 2% A
& 95 s R IE AT B0 1 23 B 5 Al Ak, O E i A g Gk
DU 56HIE , 25 5 8 25 o WLEE L AN T A AR AR M E 5T
HZRHNKE RGERKE 0T, K —Fh 5 i L
DX M 22 0 B PR BROME O R e R A A D,
Jfangzhongdai. R EEE B X 40 4™ 0l e = 5
HEAT BT B PF A, S 1 1A m P ah A CCES
L20°) (140 b A 14 A4S e sl AL 18 A IO
A6 4 R b
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