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ABSTRACT Some species of the genus Cellulophaga have been reported as having
biotechnological interests and noteworthy physiological properties. We report here
the draft genome sequence of Cellulophaga lytica CECT 8139, a bacterium that pro-
duces an intensely iridescent colony biofilm on agar surfaces.

The genus Cellulophaga is a member of the family Flavobacteriaceae in the phylum
Bacteroidetes. Cellulophaga strains have been isolated from a variety of coastline

biotopes, including the water column, sediments, seaweed or diatom surfaces, and
marine invertebrates (1–3). Some reports have focused on potential biotechnological
properties of Cellulophaga species, including antifouling and algicidal activities (4–6),
inhibition of quorum sensing (7), or the production of novel enzymes involved in the
bioconversion of algal polysaccharides (e.g., the breakdown of carrageenans or agar) (8,
9). Other studies described the development of genetic tools for understanding the
gliding motility mechanisms or for identifying the components involved in the type IX
secretion system (T9SS) (10, 11).

Cellulophaga lytica is a yellow/orange-pigmented aerobic agarolytic carrageenolytic
rod and is motile by gliding (12). C. lytica CECT 8139 (CL8139) was isolated from a red
sea anemone on the Charente Maritime Atlantic coast (France) (13). On agar, strain CL8139
produces a colony biofilm that displays an intensely “pointillistic” iridescence under
epi-illumination. Under conditions that mimic its natural environment, the cell popu-
lation shows a unique periodicity that induces this structural coloration (14–16).
However, the cellular and molecular mechanisms of this self-organization, as well as its
biological role, are still unknown.

The draft genome sequence of C. lytica CL8139 was obtained using HiSeq 2000
(Illumina) sequencing (GenoScreen, France), which generated 129,354,414 (2 � 100 bp)
paired-end reads assembled de novo in 87 scaffolds (�1 kb) using Velvet. The total size
for the combined scaffolds is 3,773,420 bp, with an average G�C content of 31.97%.
Gene prediction and functional annotation were carried out using the MicroScope
annotation platform (https://www.genoscope.cns.fr/agc/microscope/home/index.php)
(17). The C. lytica CL8139 draft genome is predicted to contain 3,321 protein-coding
genes, a coding density of 91.11%, and an average gene length of 1,031 bp. Strain
CL8139 is the third C. lytica strain whose genome is sequenced (12, 18). Using average
nucleotide identity (ANI) (19) as a proxy index for genomic relatedness, strain CL8139
displays 99.22% and 99.21% identities with the C. lytica type strain LIM21 and with
strain HI1, respectively, suggesting a very close intraspecies phylogenetic proximity.
The core genome of the species C. lytica is composed of 2,951 protein-coding genes
(�80% identity over �80% of the size of the smallest protein), and strain CL8139
encompasses 232 strain-specific genes (7.0%) that essentially encode proteins of
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unknown function, Rhs and Vgr family proteins, and their remnants, transposases, or
restriction-modification systems.

Genome analysis identified a clustered regularly interspaced short palindromic
repeat (CRISPR)-encoding locus, a dnd gene cluster likely acquired by horizontal genetic
transfer (20), genes encoding the gliding motility machinery and the T9SS, as well as
proteins similar to the cold-adapted, thermotolerant, and denaturant-stable GH5 en-
doglucanase Celal_2753 of Cellulophaga algicola IC166T (21) and to the kappa-
carrageenase CgkA of Zobellia galactanivorans (22).

In contrast to other marine Flavobacteria species, strain CL8139 is devoid of (i) key
quorum-sensing genes (i.e., luxS and luxI), (ii) gene encoding the acyl-L-homoserine
lactonase (AHL) recently identified in Tenacibaculum species (23), and (iii) proteorhodopsin-
encoding genes (24).

The genome of this environmental bacterium may help identify the genes required
for the production of iridescent colony biofilms, improve knowledge on genome
evolution, and facilitate future functional genomics studies.

Accession number(s). This whole-genome shotgun project has been deposited in
ENA under the accession number FZLT00000000. The version reported in this work is
the first version, FZLT01000000.

ACKNOWLEDGMENTS
This work was financially supported by two CNRS grants, AIR75515 (“Bactérides-

cence” project) and 44162 (“Modiris in mobile” project), awarded to E.R. The Ph.D. thesis
of M.C.-B. was supported by a grant from Région Poitou-Charentes (France). The
LABGeM (CEA/IG/Genoscope & CNRS UMR 8030) and the France Génomique National
infrastructure (funded as part of Investissement d’Avenir program managed by Agence
Nationale pour la Recherche, contract ANR-10-INBS-09) are acknowledged for support
within the MicroScope annotation platform.

We are grateful to Jean-François Bernardet for critical reading of the manuscript.

REFERENCES
1. Lewin RA, Lounsbery DM. 1969. Isolation, cultivation and characteriza-

tion of Flexibacteria. J Gen Microbiol 58:145–170. https://doi.org/10
.1099/00221287-58-2-145.

2. Bowman JP. 2000. Description of Cellulophaga algicola sp. nov., isolated
from the surfaces of Antarctic algae, and reclassification of Cytophaga
uliginosa (ZoBell and Upham 1944) Reichenbach 1989 as Cellulophaga
uliginosa comb. nov. Int J Syst Evol Microbiol 50:1861–1868. https://doi
.org/10.1099/00207713-50-5-1861.

3. Kientz B, Agogué H, Lavergne C, Marié P, Rosenfeld E. 2013. Isolation and
distribution of iridescent Cellulophaga and other iridescent marine bac-
teria from the Charente-Maritime coast, French Atlantic. Syst Appl Mi-
crobiol 36:244 –251. https://doi.org/10.1016/j.syapm.2013.02.004.

4. Sokolova A, Cilz N, Daniels J, Stafslien SJ, Brewer LH, Wendt DE, Bright FV,
Detty MR. 2012. A comparison of the antifouling/foul-release character-
istics of non-biocidal xerogel and commercial coatings toward micro-
and macrofouling organisms. Biofouling 28:511–523. https://doi.org/10
.1080/08927014.2012.690197.

5. Majumdar P, Lee E, Patel N, Ward K, Stafslien SJ, Daniels J, Chisholm BJ,
Boudjouk P, Callow ME, Callow JA, Thompson SEM. 2008. Combinatorial
materials research applied to the development of new surface coatings
IX: an investigation of novel antifouling/fouling-release coatings con-
taining quaternary ammonium salt groups. Biofouling 24:185–200.
https://doi.org/10.1080/08927010801894660.

6. Skerratt JH, Bowman JP, Hallegraeff G, James S, Nichols PD. 2002.
Algicidal bacteria associated with blooms of a toxic dinoflagellate in a
temperate Australian estuary. Mar Ecol Prog Ser 244:1–15. https://doi
.org/10.3354/meps244001.

7. Lafleur JE, Costa SK, Bitzer AS, Silby MW. 2015. Draft genome sequence of
Cellulophaga sp. E6, a marine algal epibiont that produces a quorum-sensing
inhibitory compound active against Pseudomonas aeruginosa. Genome An-
nounc 3(1):e01565-14. https://doi.org/10.1128/genomeA.01565-14.

8. Shan D, Ying J, Li X, Gao Z, Wei G, Shao Z. 2014. Draft genome sequence
of the carrageenan-degrading bacterium Cellulophaga sp. strain KL-A,

isolated from decaying marine algae. Genome Announc 2(2):e00145-14.
https://doi.org/10.1128/genomeA.00145-14.

9. Lee YS, Choi YL. 2017. Complete genome sequence and analysis of three
kinds of �-agarase of Cellulophaga lytica DAU203 isolated from marine sedi-
ment. Mar Genomics, in press. https://doi.org/10.1016/j.margen.2017.05.005.

10. McBride MJ, Baker SA. 1996. Development of techniques to genetically
manipulate members of the genera Cytophaga, Flavobacterium, Flexibac-
ter, and Sporocytophaga. Appl Environ Microbiol 62:3017–3022.

11. Zhu Y, McBride MJ. 2016. Comparative analysis of Cellulophaga algicola
and Flavobacterium johnsoniae gliding motility. J Bacteriol 198:
1743–1754. https://doi.org/10.1128/JB.01020-15.

12. Pati A, Abt B, Teshima H, Nolan M, Lapidus A, Lucas S, Hammon N,
Deshpande S, Cheng JF, Tapia R, Han C, Goodwin L, Pitluck S, Liolios K,
Pagani I, Mavromatis K, Ovchinikova G, Chen A, Palaniappan K, Land M,
Hauser L, Jeffries CD, Detter JC, Brambilla EM, Kannan KP, Rohde M,
Spring S, Göker M, Woyke T, Bristow J, Eisen JA, Markowitz V, Hugenholtz
P, Kyrpides NC, Klenk HP, Ivanova N. 2011. Complete genome sequence
of Cellulophaga lytica type strain (LIM-21). Stand Genomic Sci 4:221–232.
https://doi.org/10.4056/sigs.1774329.

13. Kientz B, Vukusic P, Luke S, Rosenfeld E. 2012. Iridescence of a marine
bacterium and classification of prokaryotic structural colors. Appl Envi-
ron Microbiol 78:2092–2099. https://doi.org/10.1128/AEM.07339-11.

14. Kientz B, Ducret A, Luke S, Vukusic P, Mignot T, Rosenfeld E. 2012.
Glitter-like iridescence within the Bacteroidetes especially Cellulophaga
spp.: optical properties and correlation with gliding motility. PLoS One
7:e52900. https://doi.org/10.1371/journal.pone.0052900.

15. Kientz B, Marié P, Rosenfeld E. 2012. Effect of abiotic factors on the
unique glitter-like iridescence of Cellulophaga lytica. FEMS Microbiol Lett
333:101–108. https://doi.org/10.1111/j.1574-6968.2012.02614.x.

16. Kientz B, Luke S, Vukusic P, Péteri R, Beaudry C, Renault T, Simon D,
Mignot T, Rosenfeld E. 2016. A unique self-organization of bacterial
sub-communities creates iridescence in Cellulophaga lytica colony bio-
films. Sci Rep 6:19906. https://doi.org/10.1038/srep19906.

Chapelais-Baron et al.

Volume 5 Issue 36 e00811-17 genomea.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/g

en
om

ea
 o

n 
11

 M
ar

ch
 2

02
4 

by
 1

93
.5

4.
10

7.
80

.

https://www.ncbi.nlm.nih.gov/nuccore/FZLT00000000
https://doi.org/10.1099/00221287-58-2-145
https://doi.org/10.1099/00221287-58-2-145
https://doi.org/10.1099/00207713-50-5-1861
https://doi.org/10.1099/00207713-50-5-1861
https://doi.org/10.1016/j.syapm.2013.02.004
https://doi.org/10.1080/08927014.2012.690197
https://doi.org/10.1080/08927014.2012.690197
https://doi.org/10.1080/08927010801894660
https://doi.org/10.3354/meps244001
https://doi.org/10.3354/meps244001
https://doi.org/10.1128/genomeA.01565-14
https://doi.org/10.1128/genomeA.00145-14
https://doi.org/10.1016/j.margen.2017.05.005
https://doi.org/10.1128/JB.01020-15
https://doi.org/10.4056/sigs.1774329
https://doi.org/10.1128/AEM.07339-11
https://doi.org/10.1371/journal.pone.0052900
https://doi.org/10.1111/j.1574-6968.2012.02614.x
https://doi.org/10.1038/srep19906
http://genomea.asm.org


17. Vallenet D, Belda E, Calteau A, Cruveiller S, Engelen S, Lajus A, Le Fèvre
F, Longin C, Mornico D, Roche D, Rouy Z, Salvignol G, Scarpelli C, Thil
Smith AA, Weiman M, Médigue C. 2013. MicroScope—an integrated
microbial resource for the curation and comparative analysis of genomic
and metabolic data. Nucleic Acids Res 41:D636 –D647. https://doi.org/
10.1093/nar/gks1194.

18. Asahina AY, Hadfield MG. 2014. Complete genome sequence of
Cellulophaga lytica HI1 using PacBio single-molecule real-time se-
quencing. Genome Announc 2(6):e01148-14. https://doi.org/10.1128/
genomeA.01148-14.

19. 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.

20. Barbier P, Lunazzi A, Fujiwara-Nagata E, Avendaño-Herrera R, Bernardet
JF, Touchon M, Duchaud E. 2013. From the Flavobacterium genus to the
phylum Bacteroidetes: genomic analysis of dnd gene clusters. FEMS
Microbiol Lett 348:26 –35. https://doi.org/10.1111/1574-6968.12239.

21. Wang Y, Yu W, Han F. 2016. Expression and characterization of a
cold-adapted, thermotolerant and denaturant-stable GH5 endogluca-
nase Celal_2753 that withstands boiling from the psychrophilic bacte-
rium Cellulophaga algicola IC166T. Biotechnol Lett 38:285–290. https://
doi.org/10.1007/s10529-015-1971-5.

22. Barbeyron T, Gerard A, Potin P, Henrissat B, Kloareg B. 1998. The kappa-
carrageenase of the marine bacterium Cytophaga drobachiensis. Struc-
tural and phylogenetic relationships within family-16 glycoside hydro-
lases. Mol Biol Evol 15:528 –537. https://doi.org/10.1093/oxfordjournals
.molbev.a025952.

23. Mayer C, Romero M, Muras A, Otero A. 2015. Aii20J, a wide-spectrum
thermostable N-acylhomoserine lactonase from the marine bacterium
Tenacibaculum sp. 20J, can quench AHL-mediated acid resistance in
Escherichia coli. Appl Microbiol Biotechnol 99:9523–9539. https://doi
.org/10.1007/s00253-015-6741-8.

24. Kwon YM, Kim SY, Jung KH, Kim SJ. 2016. Diversity and functional
analysis of light-driven pumping rhodopsins in marine Flavobacteria.
Microbiologyopen 5:212–223. https://doi.org/10.1002/mbo3.321.

Genome Announcement

Volume 5 Issue 36 e00811-17 genomea.asm.org 3

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/g

en
om

ea
 o

n 
11

 M
ar

ch
 2

02
4 

by
 1

93
.5

4.
10

7.
80

.

https://doi.org/10.1093/nar/gks1194
https://doi.org/10.1093/nar/gks1194
https://doi.org/10.1128/genomeA.01148-14
https://doi.org/10.1128/genomeA.01148-14
https://doi.org/10.1099/ijs.0.64483-0
https://doi.org/10.1111/1574-6968.12239
https://doi.org/10.1007/s10529-015-1971-5
https://doi.org/10.1007/s10529-015-1971-5
https://doi.org/10.1093/oxfordjournals.molbev.a025952
https://doi.org/10.1093/oxfordjournals.molbev.a025952
https://doi.org/10.1007/s00253-015-6741-8
https://doi.org/10.1007/s00253-015-6741-8
https://doi.org/10.1002/mbo3.321
http://genomea.asm.org

	Accession number(s). 
	ACKNOWLEDGMENTS
	REFERENCES

