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Draft Genome Sequences of Flavobacterium columnare Strains
ARS1 and BGFS27, Isolated from Channel Catfish (Ictalurus
punctatus)

Wenlong Cai,a,b C. R. Ariasa

aSchool of Fisheries, Aquaculture, and Aquatic Sciences, Auburn University, Auburn, Alabama, USA
bHOPLITE Research Group, Department of Pathology and Microbiology, Atlantic Veterinary College, University of Prince Edward Island, Charlottetown, PE, Canada

ABSTRACT Flavobacterium columnare strain BGFS27 was isolated from an appar-
ently healthy wild channel catfish (Ictalurus punctatus) collected from the Mobile
River in 2005. F. columnare strain ARS1 was isolated from a channel catfish suffering
from columnaris disease in a commercial farm in 1996. BGFS27 belongs to genomo-
var II (genetic group 2), while ARS1 belongs to genomovar III (genetic group 3).
Here, we report the draft genome sequences of F. columnare BGFS27 and ARS1, ob-
tained by PacBio sequencing.

Flavobacterium columnare is a Gram-negative bacterium that belongs to the Flavo-
bacteriaceae family within the phylum Bacteroidetes. F. columnare is the causative

agent of columnaris disease (1, 2), which can affect a broad range of fish hosts,
including wild, cultured, and ornamental species (3). F. columnare is genetically heter-
ogeneous and has been divided into 6 genomovars based on 16S rRNA gene sequenc-
ing and DNA-DNA hybridization (4–7). Based on empirical studies, strains of genomovar
II have demonstrated higher virulence toward channel catfish. In addition, based on
epidemiological surveys, genomovar II strains are responsible for the majority of the
columnaris outbreaks affecting channel catfish and sport fish species in Alabama (8).
Recently, LaFrentz et al. proposed the use of four genetic groups to facilitate typing
based on 16S rRNA gene sequences and clarify the epidemiology of columnaris disease
(9). BGFS27 belongs to genomovar II (genetic group 2). It is a highly virulent strain for
channel catfish that our group used as the parent strain to develop a modified live
vaccine (10). ARS1 was initially ascribed to genomovar I and has been used as a
low-virulence strain for catfish by our group and others (11–14). However, after the 16S
rRNA gene restriction fragment length polymorphism (RFLP) typing method was
standardized, the strain was ascribed to genomovar III (genetic group 3) (9).

Bacteria were cultured at 28°C in modified Shield medium for 48 h with shaking at
200 rpm (15). The total genomic DNA was isolated using a Qiagen DNeasy blood and
tissue kit (Qiagen, MD, USA) following the manufacturer’s instructions, including the
RNase incubation step. All the DNA samples were quantified using a NanoDrop
ND-1000 spectrophotometer (Thermo Fisher Scientific, Wilmington, DE, USA) and run
on 1% agarose gel for the integrity check. The library preparation and sequencing were
conducted at the University of Washington PacBio Sequencing Service Center (Seattle,
WA). DNA was sheared, and the libraries were prepared using the standard 20-kb library
protocol of the SMRTbell template prep kit 1.0 (PacBio, Menlo Park, CA) without size
select. The libraries were sequenced using the PacBio long-read sequencing RS II
platform with P6-C4 chemistry. A total of 434,427 subreads with an N50 value of
4,264 bp were obtained from strain BGFS27, and 418,658 subreads with an N50 value of
3,364 bp were obtained for ARS1. Genome assembly of the filtered reads was per-
formed using the PacBio Hierarchical Genome Assembly Process (HGAP) 2.3 pipeline
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with default settings using the de novo assembly protocol, and the reads were polished
using Quiver. The F. columnare BGFS27 and ARS1 draft genome sequences comprised
10 and 4 contigs with 183� and 182� coverage, respectively. The N50 values for the
BGFS27 and ARS1 assemblies were 1.65 Mb and 2.22 Mb, respectively. Four contigs with
a total size of 148 kb in the BGFS27 draft genome sequence were manually removed
due to a low-quality value of less than QV25, resulting in 6 contigs with a mean quality
value of QV48.5 that were used as the final draft genome sequence. The BGFS27 draft
genome size was 3.53 Mbp with a GC content of 31.1%. The ARS1 draft genome
comprised 4 contigs with a mean quality value of QV48.8. The ARS1 draft genome size
was 3.36 Mbp with a GC content of 31.0%.

The contigs were annotated with Rapid Annotations using Subsystems Technology
(RAST) for bacteria (16). BGFS27 contained 3,270 coding sequences, 242 subsystems,
and 116 RNAs, while ARS1 contained 2,903 coding sequences, 235 subsystems, and 104
RNAs. The average nucleotide identity (ANI) was 85.69% per EDGAR calculations (17),
considerably below the typical cutoff point of 95% for species delineation (18).

Data availability. The draft genome sequences were deposited at DDBJ/ENA/
GenBank under the accession numbers RQSM00000000 and RWGX00000000. The
versions described in this paper are the first versions. The raw sequencing reads
have been deposited in the Sequence Read Archive under the accession numbers
SRX5190172 and SRX5189924.

ACKNOWLEDGMENTS
Library preparation and PacBio sequencing were performed by the University of

Washington PacBio Sequencing Service Center (Seattle, WA).
This work was supported by the Southeastern Cooperative Fish Parasite and Disease

Project and the Auburn University Intramural Program.

REFERENCES
1. Davis HS. 1922. A new bacterial disease of fresh-water fishes. Bull US Bur

Fish 38:261–280.
2. Declercq AM, Haesebrouck F, Van den Broeck W, Bossier P, Decostere A.

2013. Columnaris disease in fish: a review with emphasis on bacterium-
host interactions. Vet Res 44:27. https://doi.org/10.1186/1297-9716
-44-27.

3. Austin B, Austin DA. 2007. Bacterial fish pathogens: disease of farmed
and wild fish. Springer, Dordrecht, The Netherlands.

4. García J, LaFrentz B, Waldbieser G, Wong F, Chang S. 2018. Character-
ization of atypical Flavobacterium columnare and identification of a new
genomovar. J Fish Dis 41:1159 –1164. https://doi.org/10.1111/jfd.12778.

5. Tryanto K, Wakabayashi H. 1999. Genotypic diversity of strains of Flavo-
bacterium columnare from diseased fishes. Fish Pathol 34:65–71. https://
doi.org/10.3147/jsfp.34.65.

6. LaFrentz B, Waldbieser G, Welch T, Shoemaker C. 2014. Intragenomic
heterogeneity in the 16S rRNA genes of Flavobacterium columnare and
standard protocol for genomovar assignment. J Fish Dis 37:657– 669.
https://doi.org/10.1111/jfd.12166.

7. Olivares-Fuster O, Baker JL, Terhune JS, Shoemaker CA, Klesius PH, Arias
CR. 2007. Host-specific association between Flavobacterium columnare
genomovars and fish species. Syst Appl Microbiol 30:624 – 633. https://
doi.org/10.1016/j.syapm.2007.07.003.

8. Mohammed HH, Arias CR. 2014. Epidemiology of columnaris disease
affecting fishes within the same watershed. Dis Aquat Organ 109:
201–211. https://doi.org/10.3354/dao02739.

9. LaFrentz BR, García JC, Waldbieser GC, Evenhuis JP, Loch TP, Liles MR,
Wong FS, Chang SF. 2018. Identification of four distinct phylogenetic
groups in Flavobacterium columnare with fish host associations. Front
Microbiol 9:452. https://doi.org/10.3389/fmicb.2018.00452.

10. Olivares-Fuster O, Arias C. 2011. Development and characterization of
rifampicin resistant mutants from high virulent strains of Flavobacterium
columnare. J Fish Dis 34:385–394. https://doi.org/10.1111/j.1365-2761
.2011.01253.x.

11. Mohammed H, Olivares-Fuster O, LaFrentz S, Arias CR. 2013. New atten-
uated vaccine against columnaris disease in fish: choosing the right
parental strain is critical for vaccine efficacy. Vaccine 31:5276 –5280.
https://doi.org/10.1016/j.vaccine.2013.08.052.

12. Olivares-Fuster O, Bullard SA, McElwain A, Llosa MJ, Arias CR. 2011.
Adhesion dynamics of Flavobacterium columnare to channel catfish
Ictalurus punctatus and zebrafish Danio rerio after immersion challenge.
Dis Aquat Organ 96:221–227. https://doi.org/10.3354/dao02371.

13. Arias CR, Cai W, Peatman E, Bullard SA. 2012. Catfish hybrid Ictalurus
punctatus � I. furcatus exhibits higher resistance to columnaris disease
than the parental species. Dis Aquat Organ 100:77. https://doi.org/10
.3354/dao02492.

14. Shoemaker CA, Olivares-Fuster O, Arias CR, Klesius PH. 2008. Flavobac-
terium columnare genomovar influences mortality in channel catfish
(Ictalurus punctatus). Vet Microbiol 127:353–359. https://doi.org/10.1016/j
.vetmic.2007.09.003.

15. Shoemaker CA, Arias CR, Klesius PH, Welker TL. 2005. Technique for
identifying Flavobacterium columnare using whole cell fatty acid profiles.
J Aquat Anim Health 17:267–274. https://doi.org/10.1577/H04-034.1.

16. Aziz RK, Bartels D, Best AA, DeJongh M, Disz T, Edwards RA, Formsma K,
Gerdes S, Glass EM, Kubal M, Meyer F, Olsen GJ, Olson R, Osterman AL,
Overbeek RA, McNeil LK, Paarmann D, Paczian T, Parrello B, Pusch GD,
Reich C, Stevens R, Vassieva O, Vonstein V, Wilke A, Zagnitko O. 2008.
The RAST server: Rapid Annotations using Subsystems Technology. BMC
Genomics 9:75. https://doi.org/10.1186/1471-2164-9-75.

17. Blom J, Albaum SP, Doppmeier D, Pühler A, Vorhölter F-J, Zakrzewski M,
Goesmann A. 2009. EDGAR: a software framework for the comparative
analysis of prokaryotic genomes. BMC Bioinformatics 10:154. https://doi
.org/10.1186/1471-2105-10-154.

18. Goris J, Konstantinidis KT, Klappenbach JA, Coenye T, Vandamme P,
Tiedje JM. 2007. DNA-DNA hybridization values and their relationship to
whole-genome sequence similarities. Int J Syst Evol Microbiol 57:81–91.
https://doi.org/10.1099/ijs.0.64483-0.

Cai and Arias

Volume 8 Issue 26 e00648-19 mra.asm.org 2

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/m

ra
 o

n 
29

 D
ec

em
be

r 
20

21
 b

y 
14

4.
21

4.
12

5.
28

.

https://www.ncbi.nlm.nih.gov/nuccore/RQSM00000000
https://www.ncbi.nlm.nih.gov/nuccore/RWGX00000000
https://www.ncbi.nlm.nih.gov/sra/SRX5190172
https://www.ncbi.nlm.nih.gov/sra/SRX5189924
https://doi.org/10.1186/1297-9716-44-27
https://doi.org/10.1186/1297-9716-44-27
https://doi.org/10.1111/jfd.12778
https://doi.org/10.3147/jsfp.34.65
https://doi.org/10.3147/jsfp.34.65
https://doi.org/10.1111/jfd.12166
https://doi.org/10.1016/j.syapm.2007.07.003
https://doi.org/10.1016/j.syapm.2007.07.003
https://doi.org/10.3354/dao02739
https://doi.org/10.3389/fmicb.2018.00452
https://doi.org/10.1111/j.1365-2761.2011.01253.x
https://doi.org/10.1111/j.1365-2761.2011.01253.x
https://doi.org/10.1016/j.vaccine.2013.08.052
https://doi.org/10.3354/dao02371
https://doi.org/10.3354/dao02492
https://doi.org/10.3354/dao02492
https://doi.org/10.1016/j.vetmic.2007.09.003
https://doi.org/10.1016/j.vetmic.2007.09.003
https://doi.org/10.1577/H04-034.1
https://doi.org/10.1186/1471-2164-9-75
https://doi.org/10.1186/1471-2105-10-154
https://doi.org/10.1186/1471-2105-10-154
https://doi.org/10.1099/ijs.0.64483-0
https://mra.asm.org

	Data availability. 
	ACKNOWLEDGMENTS
	REFERENCES

