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A B S T R A C T

Marine Bacteroidetes are well known for their functional specialization on the decomposition of polysaccharides
which results from a great number of carbohydrate-active enzymes. Here we represent the complete genome of a
Bacteroitedes member Echinicola rosea JL3085T that was isolated from surface seawater of the South China Sea.
The genome is 6.06 Mbp in size with a GC content of 44.1% and comprises 4613 protein coding genes. A
remarkable genomic feature is that the number of glycoside hydrolase genes in the genome of E. rosea JL3085T is
high in comparison with most of the sequenced members of marine Bacteroitedes. E. rosea JL3085T genome
harbored multi-gene polysaccharide utilization loci (PUL) systems involved in the degradation of pectin, xylan
and arabinogalactan. The large diversity of hydrolytic enzymes supports the use of E. rosea JL3085T as a can-
didate for biotechnological applications in enzymatic conversion of plant polysaccharides.

1. Introduction

Plant biomass represents the largest renewable carbon source on
Earth. Microbes are generally thought to play critical roles in the pro-
cess of the biomass degradation to ensure a global carbon cycle. To
date, microbial enzymatic degradation of plant polysaccharides has
many industrial and agricultural applications in the production of bio-
based products such as food, feed, chemicals and biofuels. For instance,
pectinases are one of the upcoming enzymes of fruit and textile in-
dustries (Kashyap et al., 2001). Xylan, the second most abundant
polysaccharide and the principal type of hemicellulose, can be hydro-
lyzed for manufacture of food, animal feed, pulp bleaching and sub-
sequent fermentation to biofuels (Beg et al., 2001; Polizeli et al., 2005).
Arabinogalactan and its degradation products have been reported to be
beneficial to body health through regulating blood cholesterol (Saeed
et al., 2011). Marine Bacteroidetes are commonly assumed to be spe-
cialized in degrading phytoplankton polysaccharides (Fernández-

Gomez et al., 2013) due to a great number and diversity of carbohy-
drate-active enzymes (CAZymes) (Cantarel et al., 2009) in their gen-
omes (Hahnke et al., 2016), including glycoside hydrolases (GHs),
glycosyl transferases (GTs), polysaccharide lyases (PLs), carbohydrate
esterases (CEs), auxiliary activities (AAs) and carbohydrate-binding
modules (CBMs). Marine bacteria may provide the most common CA-
Zymes resources for polysaccharides degradation, however, they are yet
poorly explored biotechnological potential in comparison to Fungi or
bacteria isolated from other environments.

Here we report the complete genome sequence of a Bacteroidetes
member Echinicola rosea JL3085T, a Gram-negative, light-pink-pig-
mented strain isolated from surface seawater around Yongxing Island in
the South China Sea (Table 1). The genus Echinicola was firstly pro-
posed by Nedashkovskaya et al. (2006) with the description of E. pa-
cifica isolated from sea urchin Strongylocentrotus intermedius. So far,
members of this genus have been isolated from marine sources like
seawater (Nedashkovskaya et al., 2007), solar saltern (Kim et al., 2011),
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brackish water (Srinivas et al., 2012), sea urchin (Jung et al., 2017) and
coastal sediment (Lee et al., 2017). Furthermore, several strains showed
capacity on hydrolyzing polymeric substances. For example, E. pacifica
KMM 6172T and E. strongylocentrotus MEBiC08714T could hydrolyze
agar and starch (Nedashkovskaya et al., 2006; Jung et al., 2017). Here
we describe the complete genome of E. rosea JL3085T, together with the
examination of its polysaccharides degradation ability.

2. Data description

The strain was grown at 28 °C on marine agar 2216 (MA; Difco)
medium, and genomic DNA was extracted using a TIANamp Bacteria
DNA Kit. The whole genome of E. rosea JL3085T was sequenced using
the Illumina Miseq platform accompanied with the SMRT platform to
build the Illumina PE library and PacBio library, resulting in 1933Mb
data (6,494,140 reads with 400 bp average insert size and 299-fold
coverage depth) and 762Mb data (97,177 reads with 7838 bp average
length and the N50 length of the reads is 9992 bp) separately. The
genome was assembled using A5-miseq (Tritt et al., 2012), SPAdes
genome assembler (Bankevich et al., 2012), HGAP4 (Chin et al., 2016)
and CANU (Koren et al., 2017). Contigs obtained from second and third-
generation sequencing were analyzed collinearly using MUMmer
(Delcher et al., 1999). Finally, the results were corrected using pilon
(Walker et al., 2014), after which gene prediction was accomplished
using GeneMarkS (Besemer et al., 2001). tRNA-encoding genes and
rRNA operons were found by tRNAscan-SE (Lowe and Eddy, 1997) and
Barrnap (https://github.com/tseemann/barrnap), respectively. CA-
Zymes were searched using hmmscan program (Krogh et al., 1994).

JL3085T has a circular chromosome of 6.06 Mbp with a GC content
of 44.1% and devoid of plasmids (Fig. 1). The genome contains a total
of 4613 protein coding genes, 42 tRNA genes and 12 rRNA operons
(Table 1). Moreover, its genome harbors 279 CAZymes (Table 1), in-
cluding 171 GH which was high in comparison with most of the se-
quenced strains of marine Bacteroidetes (Tang et al., 2017). The putative
genes encoding GHs belonged to 44 different families with gene counts
ranging between 1 and 32, in which GH43 genes was highest (Fig. 2A).
GH43 are classified based on their mode of action and substrate pre-
ference into xylanases, xylosidases, arabinofuranosidases, arabinosi-
dase and others in JL3085T genome, indicating that JL3085T have the
capacity of xylan utilization (Charnock et al., 2000; Sainz-Polo et al.,
2014). In addition, numerous genes assigned to other GH families in-
volved in the degradation of xylan were detected including three xy-
lanases from GH10 (FDR09_RS20905, _20975, _20990), one xylanase
from GH30 (FDR09_RS14855), two xylosidases from
GH31(FDP09_RS07600, _RS13310) and two arabinofuranosidases from
GH51 (FDP09_RS02130, _RS07525). The CAZyme annotation of E. rosea
JL3085T identified five polysaccharide lyases (CAZyme superfamily,
PL1, PL10 and PL11, FDR09_RS03610, _RS03750, _RS14670, _RS14685,
_RS07500) responsible for the degradation of pectin which possess
pectate lyase activities. Moreover, its genome harbors nine glycoside
hydrolases belonging to GH28 (FDP09_RS03755, _RS05505, _RS07425,
_RS07450, _RS14640, _RS14680, _RS16090, _RS16095, _RS17050), two
pectin methylesterases (CE8) (FDP09_RS14630, _RS14650) and three
pectin acetylesterases from CE12 (FDP09_RS07395, _RS07520,
_RS14645), which could contribute to release galacturonic acid from
pectin (Benoit et al., 2012; Tang et al., 2017). Genes encoding poly-
galacturonic acid-binding proteins (CBM32, FDP09_RS09745) were also
found in the genome which have been demonstrated in Yersinia en-
terolitica before (Abbott et al., 2007).

Some xylanolytic enzymes were located on the multi-gene poly-
saccharide utilization loci (PUL) of E. rosea JL3085T, including genes
encoding xylanases (GH10, FDP09_RS20905, _RS20975, _RS20990) and
xylosidase (GH43, FDP09_RS20965, _RS20970), and two carbohydrate-
binding modules (CBM6, FDP09_RS20930, _RS20935) (Fig. 2B). It was

Table 1
General features of E. rosea JL3085T based on MIGS recommendation and
general information on its genome (Yilmaz et al., 2011).

Items Description

General features
Classification Domain Bacteria

Order Cytophagales
Family Cyclobacteriaceae

Particle shapea Rod
Gram stain Negative
Pigmentation Light-pink-pigmented
Temperaturea 4.0–-50.0 °C
Salinitya 0–-15.0 %
pH rangea 4.0–-11.0

MIxS data
Submitted_to_insdc CP040106 (GenBank)
Investigation_type Bacteria
Project_name Echinicola rosea JL3085T genome sequencing and

assembly (PRJNA541188)
Geo_loc_name China: Yongxing Island
Lat_lon 16° 49′ 4″ N, 112° 20′ 24″ E
Depth Surface
Collection_date 2013–-05
Env_biome Marine biome (EVO: 00000447)
Env_feature Coastal water body (ENVO: 02000049)
Env_material Sea water (ENVO: 00002149)
Source_mat_id NBRC 111782; CGMCC 1.15407
Biotic_relationship Free living
Trophic_level Chemoorganotroph
Rel_to_oxygen Aerobic
Isol_growth_condt Marine agar 2216 (MA; Difco) medium
Seq_meth Illumina Miseq; PacBio
Assembly method A5-miseq; SPAdes; HGAP4; CANU
Finishing_strategy Complete

Genome features
Genome size (Mbp) 6.06
Contig numbers 1
GC content (%) 44.1
Number of genes (coding) 4731
tRNAs 42
rRNAs 12

Summary of CAZymes
Glycoside hydrolases (GHs) 171
Glycosyl transferases (GTs) 58
Polysaccharide lyases (PLs) 9
Carbohydrate esterases (CEs) 23
Auxiliary activities (AAs) 5
Carbohydrate-binding modules

(CBMs)
13

a Data taken from Liang et al. (2016).
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found that E. rosea JL3085T contained a PUL predicted to code for en-
zymes known to be involved in the degradation of pectin, including
genes encoding two pectate lyases (PL1, FDP09_RS14670, _RS14685),
two pectin esterases (CE8, FDP09_RS14630, _RS14650), and two poly-
galacturonases (GH28, FDP09_RS14640, _RS14680), rhamnogalactur-
onides (FDP09_RS14635), degradation protein (GH88, FDP09_RS14625),
rhamnogalacturonan acetylesterases (FDP09_RS14645) and a set of
genes associated with hexuronate metabolism (Fig. 2B). E. rosea JL3085T

harbored a arabinan PUL containing gene-encoding enzymes
(FDP09_RS02145, _RS02150) that target 1,3- or 1,5- linkages of α-L-
arabinofuranosides in arabinans and their derivate such as arabinoxylans
and arabinogalactans (Fig. 2B). In addition, the presence of four α-ga-
lactosidases (GH57 and GH97), 24 β-galactosidases (GH35 and GH2) in
the genome indicates bacteria have the ability of degrading arabinoga-
lactan. Three PULs contain the transporter systems consisting of the
oligosaccharide-binding protein susD and an outer-membrane TonB-de-
pendent receptor porin susC.

Pectin, xylan, sodium alginate, arabinogalactan, chitin, fucoidan,
laminarin and mannan were used to test the strain's degradation ability
according to previous methods (Zhan et al., 2017). Growth experiments

showed that strain JL3085T could utilize pectin, xylan and arabinoga-
lactan (Fig. 2C), which were in consistent with genomic prediction of
polysaccharide utilization.

In summary, the great number and diversity of CAZymes possessed
by E. rosea JL3085T may provide a genomic content for biotechnology
applications in xylan and pectin degradation.

Strain and nucleotide sequence accession numbers

The strain has been deposited in the NITE Biological Resource
Center and China General Microbiological Culture Collection Center
(=NBRC 111782T=CGMCC 1.15407T). The complete genome se-
quence is available in the NCBI database (accession number
CP040106).
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Fig. 1. Complete genome map of E. rosea JL3085T. From the innermost circle to the outermost circle, circle 1 shows the scale line in Mbps. Circle 2 denotes GC skew
and circle 3 illustrates the GC content. Circle (4,7) indicates the CDSs, colored according to COG function categories. Circle (5,6) shows CDS/tRNA/rRNA genes.
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Fig. 2. A) Distribution of GH families in E. rosea
JL3085T genome; B) genetic organization of the
predicted PULs of E. rosea JL3085T. The position of
the gene cluster in the genome is shown in a bracket.
The functions of the proteins are colour-coded: blue,
CAZymes; green, membrane proteins involved in
binding/transport; purple, other enzymes; orange,
regulation factor; grey, unknown function; C) growth
curves of strain JL3085T. Bacteria were cultured in
marine minimal media (2.3% (w/v) sea salts, 0.05%
(w/v) yeast extract, 0.05% (w/v) NH4Cl and 50mM
Tris-HCl, pH 7.6–7.8), with a final concentration of
0.2% of one of the following carbon sources: pectin,
xylan and arabinogalactan. Cultures using only
minimal media were treated as controls.
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