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F

lavobacterium columnare belongs to the family Flavobacteriaceae and is the causative agent of columnaris disease, which
causes substantial mortality in numerous freshwater fish worldwide (1–4). There are three genomovars, in accordance with differences in 16S rRNA sequences and restriction fragment length
polymorphism (RFLP) (5–9). F. columnare strain Pf1 was isolated
from the diseased yellow catfish (Pelteobagrus fulvidraco) in China
(10). It belongs to genomovar I and is also virulent in other species
of freshwater fish, such as the mandarin fish (Siniperca chuatsi)
(10). Built on single-molecule real-time (SMRT) technology, the
scalable high-throughput Sequel system delivers unprecedented
sequencing results through long reads, uniform coverage, and
high consensus accuracy (11), and we used it to sequence and
analyze the full genome of the Pf1 strain.
F. columnare Pf1 was cultured on Shieh medium at 28°C.
Genomic DNA was isolated using the TIANamp bacteria DNA kit
(Tiangen Biotech, Beijing, China). The stock DNA was separated
into three aliquots, one for SMRT sequencing, one for Illumina
sequencing, and the other for gap closing. The SMRT sequencing
work was conducted using PacBio RSII system. A total of 266,951
cleaned subreads totaling 663,416,366 bases were obtained, resulting in a 210-fold coverage of the genome. Assembly was performed using the HGAP software and produced 12 contigs with
total contig lengths of 3,233,416 bp. The next-generation sequencing by HiSeq 2000 (Illumina) was performed according to the
manufacturer’s instructions (Shanghai Oebiotech Co., Ltd.,
Shanghai, China). A total of 4,617,419 paired reads were obtained.
The Illumina data then were mapping on previous assembled contigs using Bowtie2 software. After removal of redundant sequences, we obtained three contigs with a total length of
3,165,083 bp. Three gaps were then filled by sequencing the PCR
products. The DNA sequence was submitted to the NCBI’s Prokaryotic Genome Automatic Annotation Pipeline (PGAAP) for
annotation, and then the annotated genome was submitted to
GenBank.
The complete genome of F. columnare consists of 3,171,081 bp,
with an average G⫹C content of 31.58%. The genome is 86.19%
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coding and has 2,883 predicted genes consisting of 2,784 proteincoding, 18 rRNA, and 81 tRNA genes. For the protein-coding
genes, the average length is 982 bp, and 1,664 genes (59.77%) have
assigned functions. Analysis of the F. columnare genome sequences reveals many features common to other sequenced Flavobacterium species. As expected, outer membrane protein clusters, such as ABC transports, OmpA and OmpH family outer
membrane proteins, TonB-dependent outer membrane receptors, and precursors were identified in this strain, which are important surface structures of bacteria in identification, adhesion,
and infection. Meanwhile, we identified some well-known virulence factors, such as hemolysin, adhesin SprB, and SprC. These
factors are the symbols of strong virulent strain and might be
closely related with its pathogenesis in fish. Genomic analysis is
the important step in understanding the pathogenesis of F. columnare and will facilitate the development of an effective vaccine
for the prevention of columnaris disease.
Accession number(s). The genome sequence was deposited in
GenBank under accession no. CP016277.
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Flavobacterium columnare is the etiologic agent of columnaris disease, a devastating fish disease prevailing in worldwide aquaculture industry. Here, we describe the complete genome of F. columnare strain Pf1, a highly virulent strain isolated from yellow
catfish (Pelteobagrus fulvidraco) in China.
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