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ABSTRACT Unique ecosystems with specific environmental conditions have been
proven to be a promising source for isolation of new actinobacterial strains. Ancient
Lake Baikal is one of the greatest examples of an ecosystem with high species biodi-
versity and endemicity caused by long-lasting isolated evolution and stable environ-
mental conditions. Herein we report the draft genome sequence of Streptomyces sp.
strain IB2014011-1, which was isolated from insect Trichoptera sp. larvae collected at
the bottom of Lake Baikal.

Actinobacteria are high-GC Gram-positive bacteria with high ability to produce
secondary metabolites (1). It has been previously shown that actinobacteria iso-

lated from unusual ecosystems often produce new biologically active compounds (2).
Recently, we reported the isolation of new actinobacterial strains from areas of ende-
micity such as Lake Baikal (3) and caves (4).

Genomic DNA was extracted from Streptomyces sp. strain IB2014011-1, which was
isolated from insect Trichoptera sp. larvae (3). Standard protocol was used to prepare a
paired-end library. The library had reads 100 bp long, insert size 259.07 (� � 85.71), and
mean coverage 720�, as determined by postassembly mapping with bwa v 0.7.13-
r1126 (mem alignment algorithm) (5). The raw sequencing data were obtained using
Illumina HiSeq 2500 technology. The genome was assembled using SPAdes v 3.7 (6). A
total of 73 contigs and 68 scaffolds were assembled. Scaffolding, performed using
SSPACE 2.1 Premium (7), resulted in 43 scaffolds, of which 31 passed coverage and
length (at least 1 kbp) thresholds. Genome annotation was performed using Prokka (8)
and antiSMASH v.3 (9), followed by manual presubmission curation.

The genome of Streptomyces sp. IB2014011-1 is large: all scaffolds together are
8,195,763 bp long. The G�C content (71.5%) and the number of protein-coding (7,323)
and tRNA (78) genes are in accordance with those of other Streptomycetes strains. The
average gene length is 988 bp and the average coding density is 88.3%. The genome
of Streptomyces sp. IB2014 011-1 contains at least four rRNA gene clusters, judging by
the coverage of the assembled rRNA gene cluster. In addition, one ssrA transfer-
messenger RNA (tmRNA) and 206 TTA codons within predicted coding sequences (CDS)
were found.

Functional annotation of Streptomyces sp. IB2014011-1 genes within the bactNOG
subset of the eggNOG v 4 database (performed using protein BLAST with an expecta-
tion value cutoff 0.001) (10) showed that 4,610 (63%) out of 7,323 protein-coding genes
had at least some biological function assigned, with some of the genes assigned to
more than one category. Of the remainder, 194 CDS (12.6%) had no hits against
bactNOGs, and 1,857 CDS (25.4%) had hits but were not assigned to functional
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categories. Among the genes with functional assignment, 1,979 (27%) are implicated in
metabolism, including 142 (1.9%) putatively involved in secondary metabolism.

The potential of this strain to produce secondary metabolites was analyzed with the
search tool antiSMASH v.3 (9). Thirty putative secondary metabolism gene clusters were
found with this method, and 55 more were predicted with the ClusterFinder algorithm.

A gene cluster of 50 is predicted to be involved in the assembly of the compound
grixazone B (11) (accurate mass is 417.0616 m/z), which was found in the culture of the
strain. All 13 gri genes of the originally reported gene cluster are present, with an
average nucleotide identity of 88% across the 15-kbp fragment.

Thus, the genome information provided by the draft sequence of Streptomyces sp.
IB2014011-1 has importance for basic as well as applied microbial genomic research.

Accession number(s). The genome sequence of Streptomyces sp. IB2014011-1 has

been deposited at DDBJ/ENA/GenBank under the accession number LZQS00000000.
The version described in this paper is LZQS00000000.1.

ACKNOWLEDGMENTS

This study was supported by the Ministry of Education and Science of the Russian
Federation as a part of the Goszadanie project (6.1387.2017, 6.9654.2017), the Russian
Science Foundation (project N 15-14-10008), the Russian Foundation for Basic Research
(projects N 16-34-00686, 16-34-60060), and grants from the Irkutsk State University for
Young Researchers and Deutscher Akademischer Austauschdienst.

REFERENCES
1. Das S, Ward LR, Burke C. 2008. Prospects of using marine actinobacteria

as probiotics in aquaculture. Appl Microbiol Biotechnol 81:419 – 429.
https://doi.org/10.1007/s00253-008-1731-8.

2. Jenke-Kodama H, Dittmann E. 2009. Evolution of metabolic diversity:
insights from microbial polyketide synthases. Phytochemistry 70:
1858 –1866. https://doi.org/10.1016/j.phytochem.2009.05.021.

3. Axenov-Gribanov D, Rebets Y, Tokovenko B, Voytsekhovskaya I,
Timofeyev M, Luzhetskyy A. 2016. The isolation and characterization of
actinobacteria from dominant benthic macroinvertebrates endemic to
Lake Baikal. Folia Microbiol (Praha) 61:159 –168. https://doi.org/10.1007/
s12223-015-0421-z.

4. Axenov-Gribanov DV, Voytsekhovskaya IV, Tokovenko BT, Protasov ES,
Gamaiunov SV, Rebets YV, Luzhetskyy AN, Timofeyev MA. 2016.
Correction: actinobacteria isolated from an underground lake and
moonmilk speleothem from the biggest conglomeratic karstic cave in
Siberia as sources of novel biologically active compounds. PLoS One
11:e0152957. https://doi.org/10.1371/journal.pone.0152957.

5. Li H. 2013. Aligning sequence reads, clone sequences and assembly
contigs with BWA-MEM. arXiv arXiv:1303.3997 [q-bio.GN]. 1303.3997v2.

6. Bankevich A, Nurk S, Antipov D, Gurevich AA, Dvorkin M, Kulikov AS,
Lesin VM, Nikolenko SI, Pham S, Prjibelski AD, Pyshkin AV, Sirotkin AV,
Vyahhi N, Tesler G, Alekseyev MA, Pevzner PA. 2012. SPAdes: a new

genome assembly algorithm and its applications to single-cell sequenc-
ing. J Comput Biol 19:455– 477. https://doi.org/10.1089/cmb.2012.0021.

7. Boetzer M, Henkel CV, Jansen HJ, Butler D, Pirovano W. 2011. Scaffolding
pre-assembled contigs using SSPACE. Bioinformatics 27:578 –579.
https://doi.org/10.1093/bioinformatics/btq683.

8. Seemann T. 2014. Prokka: rapid prokaryotic genome annotation. Bioin-
formatics 30:2068 –2069. https://doi.org/10.1093/bioinformatics/btu153.

9. Weber T, Blin K, Duddela S, Krug D, Kim HU, Bruccoleri R, Lee SY,
Fischbach MA, Müller R, Wohlleben W, Breitling R, Takano E, Medema
MH. 2015. AntiSMASH 3.0 —a comprehensive resource for the genome
mining of biosynthetic gene clusters. Nucleic Acids Res 43:W237–W243.
https://doi.org/10.1093/nar/gkv437.

10. Powell S, Forslund K, Szklarczyk D, Trachana K, Roth A, Huerta-Cepas J,
Gabaldón T, Rattei T, Creevey C, Kuhn M, Jensen LJ, von Mering C, Bork
P. 2014. eggNOG v4.0: nested orthology inference across 3686 organ-
isms. Nucleic Acids Res 42:D231–D239. https://doi.org/10.1093/nar/
gkt1253.

11. Ohnishi Y, Furusho Y, Higashi T, Chun HK, Furihata K, Sakuda S, Horin-
ouchi S. 2004. Structures of grixazone A and B, A-factor-dependent
yellow pigments produced under phosphate depletion by Streptomyces
griseus. J Antibiot (Tokyo) 57:218 –223. https://doi.org/10.7164/
antibiotics.57.218.

Axenov-Gribanov et al.

Volume 5 Issue 17 e00062-17 genomea.asm.org 2

 on June 21, 2017 by G
E

S
E

LLS
C

H
A

F
T

 F
U

R
 B

IO
T

E
C

H
N

O
-

http://genom
ea.asm

.org/
D

ow
nloaded from

 

https://www.ncbi.nlm.nih.gov/nuccore/LZQS00000000
https://doi.org/10.1007/s00253-008-1731-8
https://doi.org/10.1016/j.phytochem.2009.05.021
https://doi.org/10.1007/s12223-015-0421-z
https://doi.org/10.1007/s12223-015-0421-z
https://doi.org/10.1371/journal.pone.0152957
https://doi.org/10.1089/cmb.2012.0021
https://doi.org/10.1093/bioinformatics/btq683
https://doi.org/10.1093/bioinformatics/btu153
https://doi.org/10.1093/nar/gkv437
https://doi.org/10.1093/nar/gkt1253
https://doi.org/10.1093/nar/gkt1253
https://doi.org/10.7164/antibiotics.57.218
https://doi.org/10.7164/antibiotics.57.218
http://genomea.asm.org
http://genomea.asm.org/

	Accession number(s). 
	ACKNOWLEDGMENTS
	REFERENCES

