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Bernardet, et al.*! ,
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(Cytophaga columnaris) ,
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(Flavobacterium columnare) , ,
[9—13]
16S rDNA
, 16S rDNA , ,
[14—16]
[17) 1
(18] , 1.1
(Myxococcus piscicola Lu, Nie & Ko,
1975), (Myxococcales), (Ctenopharyngodon idellus)
(Myxococcaceae) (Myxocyprinus asiaticus) (Acipenser sinensis)
; , (Siniperca chuatsi) (Cyprinus carpio
(9] , (D kohaku) Bifi(Leiocassis longirostris)
1 pg/mL Shieh ; (Ictalurus punctatus)
() ;3 (3) (D Gy
3 (4) 5 (5) Gis

%1 16SrDNA FIIREKRFEARSHEE
Tab. 1 16S rDNA sequences used in the present study with their derived bacteria and hosts

Bacterium Stain GenBank accession number Host Locality

G,* EU395796 Grass carp

Ctenopharyngodon idellus Wuhan
Gig* EU395794 Grass carp

Ctenopharyngodon idellus Wuhan
Z0 EU395791 Chinese perch

Siniperca chuatsi Zhaoqing
74 EU395792 Chinese perch

Siniperca chuatsi Zhaoqing
76 EU395795 Chinese perch

Siniperca chuatsi Zhaoqing
Z13 EU395793 Grass carp

Ctenopharyngodon idellus Gaoyao
LN1311 EU395790 Grass carp

Ctenopharyngodon idellus Wuhan
C5 EU395797 Chinese sucker

Myxocyprinus asiaticus Yichang

F. columnare X1 EU395799 Chinese sturgeon

Acipenser sinensis Yichang

QHI1 EU395802 fili Channel catfish

Ictalurus punctatus Qingjiang
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Bacterium Stain GenBank accession number Host Locality
QHIJ2 EU395803 fifil Channel catfish
Ictalurus punctatus Qingjiang
HI10 EU395801 Grass carp
Ctenopharyngodon idellus Hanchuan
BJ4 EU395802 koi
Cryprinus carpio kohaku Beijing
B2 EU395798 Grass carp
Ctenopharyngodon idellus Anhui
A8 EU395800 Grass carp
Ctenopharyngodon idellus Anhui
HJ EU402411 fifi Longsnout catfish
Leiocassis longirostris Hejiang
1AM14301° AB010951 Salmonid
Oncorhynchus keta USA
AU-98-24 AY 842899 il Channel catfish
Ictalurus Punctatus USA
Ga-6-93 AY 842901 Common carp
Cyprinus carpio L. USA
? AY 095342 fill Channel catfish
Acipenser sinensis USA
EK-28 ABO016515 Japanese eel
Anguilla japonica Japan
LP8 ABO015480 Loach
Misgurnus anguilicaudatus Japan
PH-97028 ABO015481 Ayu
Plecoglossus altivelis Japan
FK 401 AB010952 Japanese eel
Anguilla japonica Japan
8239/97 AJ831826 Rainbow trout
Oncorhynchus mykiss Finland
8128/97 AJ831825 Arctic charr
Salvelinus alpinus Finland
3294/95 AJ831824 Trout
Squaliobarbus curriculus Finland
ATCC 49512 AY 635167 Brown trout
Salmo trutta L. France
ATCC 49513 AB023660 Black bullhead
Ictalurus melas France
IFO 15970 AB078043
F. johnsoniae IFO 14942 D12664
DSM 2063 AM230487
F. hydati IAM 12365 D12656
CSF 259-93 AY 662494
F. psychrophilum ATCC 49418 AY 662493
ATCC 33236 L04320
B. gracilis
ATCC 33387 L04321
B. ureolyticus
ATCC 8503 M86695
B. distasonis
IAM 12650 D12657
C. arvensicola
NCIMB 8628 DI12658
C. aurantiaca
a Gs G Gs Gis ; bIAM 14301 ,

Note: a F. columnare G4 and G5 representing strains of Myxococcus piscicola Lu, Nie & Ko, 1975; bIAM14301 is the standard stain of
F. columnare. Similar indications are employed in other tables or figures
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1.2 FvpF1: 5'-GCCCAGAGAAATTTGGAT-3" FvpR1: 5'-
27°C Shieh 1L ) TGCGATTACTAGCGAATCC-3’ 1 94°C
5g, 0.5g,0.01 g CH;COONa-3H,0, 5min, 94°C 30s, 55°C 30s, 72°C 1min 30s, 30 ,
0.01 g BaCl,'2H,0, 0.1 g K,HPO,, 0.05 g KH,PO,, 72°C 5min  PCR pMDI18-T
0.3 g MgS0O47H,0, 0.0067 g CaCl,-2H,0, 0.001 g
FeSO47H,0, 0.05 g NaHCO;, pH 7.2) o
L ’ Rk BRI
36h 27°C ’ (Cytophaga-Flavobacteri
- - aga-Flavobacterium-
,27°C 36h . phag
13 Bacteroides, CFB), Gs Gy
Griffin!'”! , (1)
. s GenBank
1 pg/mL Shieh , .
(Flavobacterium)
- 27°C ’ (Cytophaga) (Bacteroides)
ophaga acteroides
; (2) 10 mg/mL Shieh yiopnag
. 16S rDNA (D Clustal X
10 g 1 L Shieh , 121°C, 130 kPa ’
, (221, 16S rDNA
15min, , s s .
, PHYLIP(Version 3.6),
48h HgCl, ) o
. (Neighbor-joining) N,
, 10min ; (3) . -
. (Maximum likelihood, ML) MrBayes
30—50 mg/mL Shieh , ]
ML (Felsenstein, 1981), 1000
, ,27°C 48h,
L@ Bootstraps
’ (Bacteroides distasonis)
4 mg/mL 5% . . .
. Treeview(Version 6.6) Kimura-2
\'A 37°C Shieh -
Mega3.1 %!
) A%
400 pg/mL 1%, . R 2
, 48h
21
4 mol/L , 10min
[20] ( 1A), ,27°C 24h
1.4 ’
EFE HA IR 100 mL Shieh B ’
, 27°C 36—48h, 1140 r/min 0y ( )
10min , 10 mL '
) Gy Gy
2 mL (10 mmol/L Tris, 0.1 mol/L EDTA, 14
1% SDS, 0.2 pg/mL proteinase K, 20 pg/mL RNase, ’ .
pH 80), 37°C 30min , . (1) 1 ug/mL Shich
(25 : 24 : 1) ( 1B); (2) ( 10
, , 1/10 10 mol/L (3) ( 1D); 4
2.5 , 4°C 1180 r/min ( 1E); (5 (
15min DNA DNA  70% 1F) ( 2,
, 0.1 mL (Flavobacterium columnare)
16S rDNA Hy5efE Rl 7 16S 23
rDNA Bader, et al.?! PCR
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1200 bp 16S rDNA 168 rDNA ,
5 Gy Gy
, 14 16S rDNA 16S tDNA ( 2)
26.4%—
32.6%, , . 100%
(6.9%—8.6%), 13
0—2.1%( 3) , Gs Gig

1 Shieh
Fig. 1 Flavobacterium columnare cultured in Shieh medium, and its characteristics in degrading gelatin and chondoitinase and in binding
Congo red
A. Gy N , < 1000; B. 1 pg/mL Shieh ; C. , < 100; D.

R s E. s F. s

A. The morphous of F. columnare G, on light microscope, x1000; B. F. columnare G4 grown on Shieh agar medium with 1 pg/mL tobramycin;
C. formed rizoid, x100; D. transparent cycle around the colony showing ability in degrading gelatin; E. showing binding of Congo red; F.
transparent cycle around the colony showing production of chondroitinase
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Tab. 2 Physiological and biochemical characteristics of Flavobacterium columnare

L. Gy Gigs 20 Z4 Z6 Z13 LN1311 C5 X1 QJHI QJH2 HI0 BJ4 B2 A8 HJ
Characteristics
Flexirubin pigment, + + + + + + + + + + + + + + + +
rhizoid colony
+ + + + + + + + + + + + + + + +
Tobramycin resistance
AC
Chondroitin AC + + + + + + + + + + + + + + + +
lyase production
. + + + + + + + + + + + + + + + +
Congo red absorption
. . + + + + + + + + + + + + + + + +
Gelatin hydrolysis of
Starch hydrolysis B B B B B - - - - - - - - - - -
Cellulose hydrolysis - - - - - - N - N N N N N - N -
+ + + + + + + + + + + + + + + +
Lecithin hydrolysis
Esculin degradation N N N N N N N N N N N N N N N N
H,S - - + o+ o+ + - _ + + + - - _ - -
H,S production
. + + + + + + + + + + + + + + + +
Catalase production
. . + + + + + + + + + + + + + + + +
Oxidase production
o . + + + + + + + + + + + + + + + +
Nitrite reduction
. . + + + + + + + - + + + + + + - +
Nitrate reduction
Glucose fermentation - - - - - N - - - - - - - - - -
. . + + + + + + + + + + + + + + + +
Neomycin resistance
16S rDNA ,
3 s 11
I , 3
3
, 20 70
G, 3.1
(Plecoglossus altivelis) fii(Ictalurus 16S rDNA ,
24, 25
punctatus) I I 2423120 70
, 81 16S rDNA
s s s s s
(Anguilla japon- s
ica); , , Gy
m



2 373
* 3 HRENEEISFHLEH 16S rDNA FIMEXRT RS

Tab. 3  Genetic variation of 16S rDNA sequences for strains and/or species in the genus Flavobacterium

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
1.G,
2. Gig 0.5
3.70 08 0.6
4.74 09 08 02
5.76 09 08 02 00
6.213 12 1.1 05 03 03
7.Bl4 05 00 06 08 08 1.1
8.X1 12 08 05 03 03 06 08
9.C5 05 00 06 08 08 1.1 00 08
10. QJHI1 1.1 09 03 02 02 05 09 05 09
11. QIH2 1.1 09 03 02 02 05 09 05 09 03
12.LNI131 08 03 09 11 11 14 03 11 03 12 12
13.A8 05 00 06 08 08 11 00 08 00 09 09 03
14. B2 08 03 09 1.1 11 14 03 1.1 03 12 12 06 03
15.H10 05 00 06 08 08 1.1 00 08 00 09 09 03 00 03
16. HJ 1.1 09 03 02 02 05 09 05 09 03 03 12 09 12 09
17.AB010951 15 1.1 17 18 18 21 1.1 18 1.1 20 20 14 1.1 14 1.1 20
18.AJ831825 05 00 06 08 08 11 00 08 00 09 09 03 00 03 00 09 1.1
19.AB015480 09 08 02 00 00 03 08 03 08 02 02 11 08 11 08 02 18 08
20.D12664 96 91 91 93 93 95 91 93 91 95 95 91 91 95 91 95 10 91 93
21.AM230487 78 73 71 73 73 74 73 73 73 74 74 73 13 76 713 74 80 73 713 40
22.AY662494 73 68 66 68 68 70 68 68 68 69 70 71 68 71 68 70 75 68 68 58 35

:1—19. ; 20. ; 21, 5 22, ; = x1%

Note: 1—19. Flavobacterium columnare; 20. Flavobacterium johnsoniae; 21. Flavobacterium hydati; 22. Flavobacterium psychrophi-

lum; genetic diversity = the data x 1%

3.2

s 16S rDNA
(Restriction fragment length

polymorphism, RFLP)

[26]

, Triyanto Wakabayashil®! 16S
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, Triyanto
G, I

Ismaiel"”

Triyanto
I 1
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(Genomovar), III
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jo G

Darwish  Ismaie

11101
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AB010952
74
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713
AY842901
70

76

QIH-1
QIH-2

2FE Host

il Grass carp Clenopharyngodon idellus

Frtis Ayu Plecoglossus altive lis
HE A5 32 #B Channel catfish Ictalurus punctatus
it Grass carp Crenopharyngodon idellus

£1 [1FH R Koi carp Cyprinus carpio kohaku
it Grass carp Ctenopharyngodon idellus

40 Grass carp Crenopharyngodon idellus

il Trout

AbBELr 5 i Arctic charr Salvelinus alpinus
40 Grass carp Crenopharyngodon idellus
HARG fé Chinese sucker Myxocyprinus asiaticus
it Grass carp Crenopharyngodon idellus
1 Brown trout Salmo trutta

4T i Rainbow trout Oncorfynchus mykiss

fif:  Salmon

4% Black bullhead Ictalurus melas

BE 5 L2 88 Channel catfish Ictalurus punctatus
H A= fi 4 Japanese eel Anguilla japonica

i Mandarin fish Siniperca chuatsi

rh gl Chinese sturgeon Acipenser sinensis
[Wnfifi Longsnout catfish Leiocassis longirostris
H Z=fib 4 Japanese eel Anguilla japonica

JE6H Loach Misgurnus anguilicaudatus

44 Grass carp Ctenopharyngodon idellus

i Common carp Cyprinus carpio

i Mandarin fish Siniperca chuatsi

&% Mandarin fish Siniperca chuatsi

HE 45 W 2 8 Channel catfish letalurus punctatus
BT 45 3L 88 Channel catfish Ietalurus punctatus

AY 662493 F. psychrophilum
AY 662494 F. psychrophilum

100 —— DI12656 F. hydatis
100 —— AM230487 F. hydatis

D12664 F. johnsoniae
ABO78043 F. johnsoniae

100 ——— L04321 Bacteroides ureolyticus
100 L —— 1.04320 Bacteroides gracilis

D12657 Cytophaga arvensicola

D12658 Cytophaga aurantiaca
MB86695 Bacteroides distasonis

16S rDNA

Fig. 2 Phylogenetic tree based on partial 16S rDNA sequences of bacteria from the genera Flavobacterium, Bacteroides and Cytophaga

NJ

ML

Numbers above branches are bootstrap values for NJ tree and those blow branches for ML tree
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COLUMNARIS DISEASE AND GENETIC DIVERSITY OF ITS BACTERIAL
PATHOGEN FLAVOBACTERIUM COLUMNARE IN FRESHWATER FISH IN CHINA

WANG Liang-Fa'?, XIE Hai-Xia?, ZHANG Jin?, LI Nan®, YAO Wei-Jian?, ZHANG Li-Qiang’,
XIONG Chuan-Xi' and NIE Pin’

(1. College of Fisheries, Huazhong Agricultural University, Wuhan 430070; 2. State Key Laboratory of Freshwater Ecology and Bio-
technology, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072)

Abstract: Flavobacterium columnare, the causative agent of columnaris disease infects a wide range of freshwater fish
throughout the world, with major symptoms being gill-rot and caudal rot. Gill-rot disease is also a major disease of
freshwater fish in China; although its pathogen has been reported, disputes over its identity still exist. In order to under-
stand the pathogen of gill-rot disease and the columnaris disease in China, bacterial pathogens were isolated from
gill-rot diseased fish in fish farms in Hubei, Guangdong, Anhui, Sichuan Provinces and in suburbs of Beijing, China,
respectively. The physiological and biochemical characters, growth in tobramycin-contained Shieh agar medium, and
the formation of rizoids, as well as the ability in binding Congo red and in degrading gelatin and in production of chon-
droitinase were examined. These characteristics confirmed that the so-called gill-rot disease pathogen was actually the
pathogen of columnaris disease, i.e. F. columnare. Furthermore, 16S rDNA sequences were cloned from 16 strains of F.
columnare in the present study, and those downloaded from the GenBank database, a phylogenetic tree was built with
the identification of three well-supported clades, corresponding clearly to the reported three genomovars of F. colum-
nare. The first clade contains only three strains, including the most virulent strain G, isolated in 1970s from grass carp,
and two others from Japan and USA, respectively. The second and third clades contain many more strains, including
those from same species of fish hosts, such as some cyprinid fish. But strains isolated from salmonids are clustered in
the second clade, with the inclusion of a low-virulence strain Gg isolated in 1970s from grass carp in China. Strains
isolated from the so-called Chinese perch, Siniperca chuatsi and Chinese sturgeon Acipenser sinensis in China are clus-
tered in the third clade. The bacterium, Myxococcus piscicola Lu, Nie & Ko, 1975 named as the pathogen of gill-rot
disease of grass carp Ctenopharyngodon idellus should be the synonym of F. columnare in terms of its similarity with F.
columnare in above-mentioned characters and also in 16S rDNA. Further investigation should be carried out to examine
if these strains in different clades differ in their virulence and then in pathogenicity.

Key words: Flavobacterium columnare; Synonym; Columnaris disease; 16S rDNA; Phylogeny; Genomovar



