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The complete genome sequence and annotation of a psychrophilic
Cryobacterium species GCJ02 isolated from cryomorphic soil of a
virgin forest
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Abstract: A novel psychrotroph Cryobacteriumsp. GCJ02 was isolated and characterized, which showed growth well at 4 ºC. The assembled
whole genome of strain GCJ02 is 4.39 Mb, including 4,139 protein coding genes with G+C content of 68.41 mol%. In this study, we report
the complete genome sequence of a novel strain of the genus Cryobacterium, affording feasibility to elucidate the molecular mechanism of
cold adaptation, and facilitate genetic manipulation of this bacterium.
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1 Introduction

The genus Cryobacterium is a member of the family Mi-
crobacteriaceae in the phylum Actinobacteria. The genus
Cryobacterium was first discovered (Suzuki et al., 1997), and
contained only one species Cryobacterium psychrophilum,
which was firstly named “Curtobacterium psychrophilum”.
C. psychrophilum was renamed to Cryobacterium psy-
chrophilum in 1997. Up to now, the genus Cryobacterium
comprises eight others reported species, namely Cryobac-
terium psychrotolerans (Zhang et al., 2007), Cryobacterium
arcticum (Bajerski et al., 2011), Cryobacterium mesophilium
(Dastager et al., 2008), Cryobacterium roopkundense (Reddy
et al., 2010), Cryobacterium flavum, Cryobacterium luteum
(Liu et al., 2009), Cryobacterium levicorallium (Liu et al.,
2013) and Cryobacterium aureum (Liu et al., 2018). Of
the known species, eight are psychrophilic and only one is
mesophilic.

Species of this genus were isolated from geographical
diverse ecosystems. The distribution of Cryobacterium has
been found in various environments, such as glacier, soil,
and sedimentary rock (Lee et al., 2016). Much attention
was paid to Cryobacterium in the investigations of diversity,
ecological distribution, and natrual products. Among its
important functions, there are the production of amylase,
protease and lipase. These productions were reported with

the Cryobacterium sp. MLB-32 in 2014 (Singh, 2014). These
characteristics were confirmed by the complete sequencing of
the type species C. arcticum DSM 22823T , C. roopkundense
DSM 21065T , and C. luteum CGMCC 1.11210T .

Despite the potential importance of Cryobacterium in
biotechnology and synthesis of natural products, few ge-
nomic analysis have been carried out to facilitate the appli-
cations of biotechnology and searching for natural products.
In this study, we provided a high-quality complete sequence
of Cryobacterium sp. GCJ02, isolated from cryomorphic
soil of a virgin forest. This bacterium was determined to
perform a whole genomic sequencing due to its excellent
cold-adaptation at low temperature. Additionally, the ge-
nomic analyse will contribute to investigation of the micro-
bial diversity in virgin forest (undisturbed area), and perform
comparative genomic analysis of Cryobacterium speciess in
databases of bioinformatics.

2 Materials and Methods

2.1 Bacterial Isolate and DNA Extraction

Cryobacterium sp. GCJ02 (=JCM 32391) was isolated
from the cryomorphic soil of a virgin forest without any
human activity in China. Humans are prohibited to enter
into the area for conservation of biological diverisity. The
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strain was characterized as a novel species of the genus
Cryobacterium based on taxonomy study. GCJ02 showed
excellent ability to adapt to low temperature. According
to the physiological tests, GCJ02 was characterized as
Gram-positive, rod-shaped, aerobic, and non-motile (Dong-
sheng Xue et al., unpublished data). The whole genome
sequencing was carried out to perform the genetic manipula-
tion and obtain the informations of cold adaptation of GCJ02.

The genomic DNA of GCJ02 was extracted using
GenEluteTM Bacterial Genomic DNA Isolation Kit (Sigma,
USA) followed the manufacture’s instructions. The extracted
DNA was qualified using NanoDrop 2000 Microvolume UV-
Vis spectrophotometer (Thermo Scientific).

2.2 Phylogenetic and Phylogenomic Analyses
Based on the description of the putative novel Cryobacterium
species, the phylogenetic and taxonomic position of Cry-
obacetrium sp. GCJ02 was determined with 16S rRNA
gene sequence (1,485 bp) from 30 strains’ sequence within
the Cryobacterium genus and related genus downloaded
from GenBank database (http://www.ncbi.nlm.nih.gov) and
EzTaxon-e server (http://eztaxon-e.ezbiocloud.net) (Yoon et
al., 2016). Phylogenetic analysis was performed using the
program MEGA 7.0 (Kumar et al., 2016), distance matri-
ces were calculated according to the Kimura two-parameter
model. Phylogenetic trees were inferred using the maximum-
likelihood methods (Tamura et al., 1993). Bootstrap values
were determined based on 1,000 replications. DNA-DNA
hybridization (DDH) estimate values between strain GCJ02T

and two close type strains (C. arcticum SK-1T and C. psy-
chrotolerans CGMCC 1.5382T ) were analyzed using the
genome-to-genome distance calculator (GGDC 2.0) with the
alignment method of BLAST+ (Meierkolthoff et al., 2013;
Auch et al., 2010; Auch et al., 2010), respectively.

2.3 Genome Sequencing and Assembly
The genome DNA of strain GCJ02 was broken into pieces
around 10 kb, and SMRTbell library was prepared using the
PacBio DNA Template Prep Kit for the strain. The PacBio
RS library with targeted insert size of 10 kb was constructed.
Next-generation sequencing was performed on PacBio RS
platforms (Pacific Biosciences, Menlo Park, CA, USA) in
one SMRT cell. Raw reads were filtered to retrieve high
quality subreads. The clean data of genome was assembled
using HGAP (Chin et al., 2013), aligned against the reference
genome by BLAST, and unmapped regions were extracted
and analyzed. Naming and classification of insertion se-
quences (ISs) in this study were according to Wolk et al.
(2010).

2.4 Accession Number
The whole genome sequence of Cryobacterium sp. GCJ02
was submitted to the GenBnak database with the Accession
number CP030033. The strain GCJ02 was deposied in the

Japan Collection of Microorganisms under the accession
number JCM 32391.

2.5 Genome Annotation
Based on the whole genome of GCJ02, the protein coding
sequences (CDS)s were predicted by Glimmer (Version 3.02)
(Delcher, 1999). The functions of predicted genes were an-
notated using NR, Swiss-prot, KEGG, and COG databases.
Functional rRNA genes were detected using RNAmmer (Ver-
sion 1.2) (Lagesen et al., 2007). The sequences and structure
of tRNA were determined by tRNAscan-SE (Version 1.3.1)
(Lowe and Eddy, 1997). The tandem repeats were picked
up with RepeatMasker (Version 4.04) (Benson, 1999), and
the ncRNA were sought by Rfam 12.0 (Griffiths-Jones et
al., 2005). A circular genome map was generated using the
Circos visualization tool created by Krzywinski et al. (2009).

3 Results and Discussion
The phylogenetic position of Cryobacterium sp. GCJ02 was
determined using the complete 16S rRNA gene sequences
from 30 strains in the genus Cryobacterium and others down-
loaded from GenBank database. The resulting phylogeny
suggests that GCJ02 is closely ralated to Cryobacterium
arcticum SK-1T, isolated from a soil sample in Northeast
Greenland (Table 1). The pairwise alignment indicated that
the percent identity between the two sequences is 99.49. Fur-
thermore, the phylogenetic tree also indicated that the Cry-
obacerium genus held a monophyletic clade. The Average

Table 1. Top matches of the 16S rDNA sequence of strain GCJ02 against
known bacterial sequences from the Genbank database (Ezbiocloud)

Hit taxon name Hit strain name Accession Similarity (%)

Cryobacterium arcticum SK-1(T) GQ406814 99.49

Cryobacterium psychrotolerans CGMCC 1.5382(T) jgi.1076200 97.71

Cryobacterium roopkundense RuGl7(T) EF467640 96.92

Cryobacterium flavum CGMCC 1.11215(T) jgi.1076268 96.88

Cryobacterium luteum CGMCC 1.11210(T) jgi.1076264 96.74

Cryobacterium levicorallinum Hh34(T) JF267312 96.7

Cryobacterium psychrophilum DSM 4854(T) AJ544063 96.46

Cryobacterium mesophilum MSL-15(T) EF466127 96.33

Nucleotide Identity (ANI) and the DNA-DNA hybridization
estimate values between strain GCJ02 and the closest type
strain C. arcticum SK-1T were 83.99 and 28.0%, respec-
tively. Thus, based on the 16S rRNA gene phylogeny, ANI
and DDH results, the strain GCJ02 is a novel species.

3.1 General Genomic Features
The GCJ02 genome size is 4,385,465 bp, which is distributed
on 1 contig. A circlar map of chromosome and the features of
the genome is shown in Fig. 1 and Table 2, respectively. The
contig N50 is 4,395,815 bp, and the G+C contents are 68.41
mol%, consistent with the reported datas of Cryobacterium
species, ranging from 64.3% to 68.6%. The distribution
of basepair is shown in Table 2 and the sequence length is
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4,385,465 after circlization. Sequencing of the library gen-
erated 97,291 subreads with an average length of 12,474 bp
with one SMRT cell of PacBio RS sequencing. Raw reads
were filtered to retrieve high quality subreads. The clean
data was assembled using hierarchical genome-assembly pro-
cess (HGAP). The genome sequence of strain GCJ02 was
submitted to GenBank of National Centre for Biotechnol-
ogy Information (NCBI) with Accession Number CP030033.
The summarized information on the genes of GCJ02 is ex-
hibited in Table 2. Based on the prediction, there are 4,298
genes, including 4,139 coding sequences (CDS), and total
159 RNAs (10 rRNAs, 50 tRNAs and 99 ncRNAs). Among
the CDS, a total of 1,885 gene functions were annotated by
aligning to KEGG database (Kanehisa et al., 2010). The pre-
dicted CDS were related to a various of metabolic pathways
which associated with amino acid, nucleotide, carbohydrate,
and energy metabolism; synthesis of glycan, lipid, cofactor,
vitamin, and other secondary metabolites; cellular process;
membrane transport; signal transduction; transcription; trans-
lation; environmental adaptation etc. As genomic elements,
the predicted CDS reflect the global functions of the cells.

Figure 1. Circular map of the Cryobacterium sp. GCJ02 chromosome
From the center to outside: GC content, GC skew, tRNA and rRNA, genes
in backward strand, colored according to COG function categories, genes
in forward strand, colored according to COG function categories, m4C and
m6A sites in genome, Distribution of genes belonging to the restriction
modification system. The map was generated using CGView

Table 2. Cryobacterium sp. GCJ02 genome statistics

Attribute Value

Genome size (bp) 4,385,465

G+C content 68.41

Total genes 4298

rRNAs 10

tRNAs 50

ncRNAs 99

Protein coding genes (CDS) 4139

3.2 Insights from the Genome Sequence

3.2.1 Butirosin and Neomycin Biosynthesis

Butirosin and neomycin were aminoglycoside antibiotics,
and identified in 2000 and in 2005, respectively. Lots
of biosynthetic gene clusters of butirosin and neomycin
encoding for related enzymes have been characterized in the
last decade. The butirosin and neomycin are associated with
bacteria, such as Bacillus circulans(Kudo et al., 1999a) and
E. coli (Kudo et al., 1999b). The genes are present in the
genome of Cryobacterium sp. GCJ02.

Important genes related to biosynthesis of butirosin and
neomycin were detected, for example, CDSs encoding for
glucokinase, glycosyl hydrolase, glucose dehydrogenase,
and N-acetylmannosamine-6-phosphate epimerase. The
gene clusters coding for enzymes involved in butirosin and
neomycin biosynthesis were not reported in genus Cry-
obacterium. We propose that some Cryobacterium species
have the potential to produce antibiotics to resist external
pathogens.

3.2.2 Identification of Benzoate Degradation Genes

In the recent years,the natural environment has been polluted
by harmful organic pollutants, including aromatics, halogen
and polyaromatic compounds. Microorganisms play an im-
portant role in degradation of toxic chemicals and provide
an efficient measure for environmental protection. In the
genome of GCJ02, six genes are putative for involvement in
benzoate degradation, specific genes encoding for glyoxalase,
acetyltransferase, and hydroxyacyl-CoA dehydrogenase, in-
dicating the ability to metabolize benzoate. Five proteins en-
coded by genes involed in aminobenzoate degradation were
found in the genome including amidase, acylphosphatase and
enoyl-CoA hydratase.

4 Conclusions

Genomic analysis of a putative novel Cryobacterium. sp
GCJ02 reveals a high degree of consistency between geno-
types, especially in butirosin and neomycin biosynthesis and
benzoic acid degradation. The genome sequence of GCJ02
also reveals the genes involved in biosynthesis of amino acid,
metabolism, and other cellular processes. Functional analysis
of these genes will be reported in the future. The genomic
analysis of this putative novel species facilitates to elucidate
the molecular mechanism of cold-adaptation and perform the
genetic manipulation of the bacterium.
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