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ABSTRACT Streptomyces sp. TN58, isolated from a Tunisian soil sample, produces
several natural products, including acyl alpha-L-rhamnopyranosides. It possesses a
7.6-Mb linear chromosome. This is, to our knowledge, the first genome sequence of
a microorganism known to produce acyl alpha-L-rhamnopyranosides, and it will be
helpful to study the biosynthesis of these specialized metabolites.

In the frame of a program aimed at finding new bioactive molecules for medicine and
agriculture, Streptomyces sp. TN58 was isolated from a Tunisian soil sample (1). It was

shown to produce five naturally bioactive compounds, including two acyl alpha-L-
rhamnopyranosides (2) that possess biological activities of medical interest (3). Several
acyl alpha-L-rhamnopyranosides produced by different Streptomyces species have been
characterized (4, 5), but so far, their biosynthetic pathways have not been characterized.
As Streptomyces sp. TN58 is amenable to genetic engineering (6), it constitutes a good
model for studying acyl alpha-L-rhamnopyranoside biosynthesis.

A draft genome sequence of Streptomyces sp.TN58 was generated from paired-
end libraries after sequencing using V2 Illumina sequencing chemistry (2- � 250-bp,
500-cycle kit) and a MiSeq instrument. The 26,879,362 Illumina reads were assem-
bled with ABySS (7), yielding 79 contigs (coverage superior to 800-fold). The extrem-
ities of contigs often contained specialized metabolite biosynthetic genes, indicating
that specialized metabolite biosynthetic gene clusters (BGCs) were probably split over
several contigs. This hampered efficient mining of the genome. In order to obtain a
complete genome, a run was performed with PacBio single-molecule real-time (SMRT)
sequencing technology using two SMRT cells. It generated 154,892 reads with an
average length of 9,420 nucleotides (nt). Assembly with the Hierarchical Genome
Assembly Process 2 (8) yielded a single contiguous sequence of 7,399,903 bp (average
coverage 137-fold). Comparison of the Illumina and PacBio assemblies readily identified
small gaps, generally corresponding to 1 nucleotide missing in the PacBio sequence in
a run of four or more Cs or Gs. We used the Illumina reads to correct the PacBio
assembly. This was done with CLC Genomics Workbench 9 (Qiagen) and resulted in the
insertion of 1,026 bases. The ends of the linear chromosomes of Streptomyces present
terminal inverted repeats (TIRs) (9). Sequence comparisons and analysis performed as
described previously (10) led us to consider that the first 193,941 bases of the sequence
corresponded to one TIR, and a final chromosomal assembly of 7,585,034 bp was
generated.

Gene prediction and annotation were performed using the NCBI Prokaryotic Ge-
nome Annotation Pipeline (https://www.ncbi.nlm.nih.gov/genome/annotation_prok/).
This strain has a single chromosome with a G�C content of 72.3%. Seven rRNA
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operons, 69 tRNA genes, and 6,807 predicted coding sequences (CDSs) were found on
the chromosome.

Pairwise average nucleotide identity (ANI) has been calculated for Streptomyces sp.
TN58 and other Streptomyces type strains using the JSpecies Web server (11). ANI values
above 99% have been obtained with the type strain Streptomyces flavotricini NRRL
B-5419. These values, higher than the 95% to 96% threshold considered to be the
bacterial species boundary (12), indicate that Streptomyces sp. TN58 belongs to the
species S. flavotricini.

The potential of Streptomyces sp. TN58 to produce secondary metabolites was
analyzed with antiSMASH4 (13). Twenty-seven specialized metabolite BGCs were de-
tected. Concerning acyl alpha-L-rhamnopyranoside biosynthesis, no obvious candidate
BGC was detected. However, the four genes involved in the biosynthesis of rhamnose,
a precursor of acyl alpha-L-rhamnopyranoside, are present in Streptomyces sp. TN58.
Genome sequence information will facilitate the study of the biosynthesis of acyl
alpha-L-rhamnopyranosides.

Accession number(s). The chromosome sequence of Streptomyces sp. TN58 has

been deposited in GenBank under the accession number CP018870. The version
described in this paper is the first version, CP018870.1.

ACKNOWLEDGMENTS

This work was supported by the CMCU project (2012-2014) (12G0819 PERNODET/
MELLOULI) and by the project DKP-COMBIBIO ANR-16-CE29-0026. This work has ben-
efited from the facilities and expertise of the high-throughput sequencing core facility
of I2BC (Centre de recherche de Gif [http://www.i2bc.paris-saclay.fr/]). K.-G.C. was
supported by UM HIR grants (H-50001-A000027 and A000001-50001), and T.M.C. was
supported by UM postgraduate research grants (PG083-2015B).

REFERENCES
1. Mellouli L, Karray-Rebai I, Sioud S, Ben Ameur-Mehdi R, Naili B, Bejar S.

2004. Efficient transformation procedure of a newly isolated Streptomy-
ces sp. TN58 strain producing antibacterial activities. Curr Microbiol
49:400 – 406. https://doi.org/10.1007/s00284-004-4292-9.

2. Ben Ameur Mehdi R, Shaaban KA, Rebai IK, Smaoui S, Bejar S, Mellouli L.
2009. Five naturally bioactive molecules including two rhamnopyrano-
side derivatives isolated from the Streptomyces sp. strain TN58. Nat Prod
Res 23:1095–1107. https://doi.org/10.1080/14786410802362352.

3. Matin MM, Nath AR, Saad O, Bhuiyan MM, Kadir FA, Abd Hamid SB,
Alhadi AA, Ali ME, Yehye WA. 2016. Synthesis, PASS-predication and in
vitro antimicrobial activity of benzyl 4-O-benzoyl-�-L-rhamnopyranoside
derivatives. Int J Mol Sci 17:1412. https://doi.org/10.3390/ijms17091412.

4. Grond S, Langer HJ, Henne P, Sattler I, Thiericke R, Grabley S, Zähner H,
Zeeck A. 2000. Acyl �-L-rhamnopyranosides, a novel family of secondary
metabolites from Streptomyces sp.: isolation and biosynthesis. Eur J Org
Chem 929 –937. https://doi.org/10.1002/(SICI)1099-0690(200003)
2000:6�929::AID-EJOC929�3.0.CO;2-U.

5. Grond S, Papastavrou I, Zeeck A. 2002. Novel �-L-rhamnopyranosides
from a single strain of Streptomyces by supplement-induced biosynthetic
steps. Eur J Org Chem 2002:3237–3242. https://doi.org/10.1002/1099
-0690(200210)2002:19�3237::AID-EJOC3237�3.0.CO;2-T.

6. Sioud S, Aigle B, Karray-Rebai I, Smaoui S, Bejar S, Mellouli L. 2009.
Integrative gene cloning and expression system for Streptomyces sp. US
24 and Streptomyces sp. TN 58 bioactive molecule producing strains. J
Biomed Biotechnol 2009:464986. https://doi.org/10.1155/2009/464986.

7. Simpson JT, Wong K, Jackman SD, Schein JE, Jones SJM, Birol I. 2009.
ABySS: a parallel assembler for short read sequence data. Genome Res
19:1117–1123. https://doi.org/10.1101/gr.089532.108.

8. Chin CS, Alexander DH, Marks P, Klammer AA, Drake J, Heiner C, Clum A,
Copeland A, Huddleston J, Eichler EE, Turner SW, Korlach J. 2013. Non-
hybrid, finished microbial genome assemblies from long-read SMRT
sequencing data. Nat Methods 10:563–569. https://doi.org/10.1038/
nmeth.2474.

9. Hopwood DA. 2006. Soil to genomics: the Streptomyces chromosome.
Annu Rev Genet 40:1–23. https://doi.org/10.1146/annurev.genet.40
.110405.090639.

10. Gomez-Escribano JP, Castro JF, Razmilic V, Chandra G, Andrews B, Asenjo
JA, Bibb MJ. 2015. The Streptomyces leeuwenhoekii genome: de novo
sequencing and assembly in single contigs of the chromosome, circular
plasmid pSLE1 and linear plasmid pSLE2. BMC Genomics 16:485. https://
doi.org/10.1186/s12864-015-1652-8.

11. Richter M, Rosselló-Móra R, Oliver Glöckner F, Peplies J. 2016.
JSpeciesWS: a Web server for prokaryotic species circumscription based
on pairwise genome comparison. Bioinformatics 32:929 –931. https://doi
.org/10.1093/bioinformatics/btv681.

12. Richter M, Rosselló-Móra R. 2009. Shifting the genomic gold standard for
the prokaryotic species definition. Proc Natl Acad Sci U S A 106:
19126 –19131. https://doi.org/10.1073/pnas.0906412106.

13. Blin K, Wolf T, Chevrette MG, Lu X, Schwalen CJ, Kautsar SA, Suarez
Duran HG, de los Santos ELC, Kim HU, Nave M, Dickschat JS, Mitchell DA,
Shelest E, Breitling R, Takano E, Lee SY, Weber T, Medema MH. 2017.
antiSMASH 4.0 —improvements in chemistry prediction and gene clus-
ter boundary identification. Nucleic Acids Res 45:W36 –W41. https://doi
.org/10.1093/nar/gkx319.

Najah et al.

Volume 5 Issue 34 e00828-17 genomea.asm.org 2

https://www.ncbi.nlm.nih.gov/nuccore/CP018870
http://www.i2bc.paris-saclay.fr/
https://doi.org/10.1007/s00284-004-4292-9
https://doi.org/10.1080/14786410802362352
https://doi.org/10.3390/ijms17091412
https://doi.org/10.1002/(SICI)1099-0690(200003)2000:6%3C929::AID-EJOC929%3E3.0.CO;2-U
https://doi.org/10.1002/(SICI)1099-0690(200003)2000:6%3C929::AID-EJOC929%3E3.0.CO;2-U
https://doi.org/10.1002/1099-0690(200210)2002:19%3C3237::AID-EJOC3237%3E3.0.CO;2-T
https://doi.org/10.1002/1099-0690(200210)2002:19%3C3237::AID-EJOC3237%3E3.0.CO;2-T
https://doi.org/10.1155/2009/464986
https://doi.org/10.1101/gr.089532.108
https://doi.org/10.1038/nmeth.2474
https://doi.org/10.1038/nmeth.2474
https://doi.org/10.1146/annurev.genet.40.110405.090639
https://doi.org/10.1146/annurev.genet.40.110405.090639
https://doi.org/10.1186/s12864-015-1652-8
https://doi.org/10.1186/s12864-015-1652-8
https://doi.org/10.1093/bioinformatics/btv681
https://doi.org/10.1093/bioinformatics/btv681
https://doi.org/10.1073/pnas.0906412106
https://doi.org/10.1093/nar/gkx319
https://doi.org/10.1093/nar/gkx319
http://genomea.asm.org

	Accession number(s). 
	ACKNOWLEDGMENTS
	REFERENCES

