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ABSTRACT We announce here the draft genome sequence of Lactobacillus fermen-
tum NCDC 400, a potential probiotic strain isolated from a traditional Indian dairy
product. The genome size of Lactobacillus fermentum NCDC 400 is 1.89 Mb, and the
assembled sequence consists of 185 contigs joined into 138 scaffolds.

The species Lactobacillus fermentum is a Gram-positive facultative heterofermenta-
tive rod belonging to the Firmicutes phylum (1). It is a natural inhabitant of the

human gastrointestinal tract (GIT) and often isolated from dairy and nondairy sources.
While some strains are used as probiotics, others are commonly employed as a starter
culture during food fermentation processes. The uniqueness of certain strains is to
endure the harsh GIT conditions, such as high concentrations of acid and bile, to
transiently inhabit the host. Recently, published studies emphasized that the intake of
lactobacilli helps improve gut homeostasis in the host and irritable bowel syndrome
(IBS) symptoms (2–7).

Lactobacillus fermentum strain NCDC 400, an indigenous isolate from the Indian
dairy product dahi, was identified using 16S rRNA (GenBank accession number
MF289554). This strain has the ability to produce a great amount of exopolysaccharides
(EPS), which helps this bacterium to improve technological properties of low-fat
fermented dairy products (8). The strain exhibits probiotic attributes, such as cell
surface hydrophobicity, inhibition of pathogen adherence to gut epithelial cell lines,
such as Caco-2 and HT29 cells, bile salt and high acid tolerance, cellular autoaggrega-
tion, antibacterial activity, antioxidative activity, and in vivo immune modulation. It
has also been found to upregulate S-adenosylmethionine synthetase (SAM) in the
presence of bile stress to counteract its hazardous effect (9). The molecular mechanisms
of the putative probiotic are scanty; one of the mechanisms to elucidate the host-
microbe interactions is the analysis of genomic data (10).

The present study utilized paired-end sequencing using the Illumina HiSeq 2500
platform and identified a total of 17,733,506 high-quality (HQ) reads by Velvet, Kmer-
Genie, SSPACE, and GapFiller. The final assembly of 138 scaffolds, with an N50 of 27,950
bp, maximum scaffold size of 101,072 bp, and genome size of 1.89 Mb, showed the
relative genome length in comparison with those of other sequenced L. fermentum
strains (10–13). Further, GeneMarkS predicted 1,996 protein-coding genes in the total
scaffolds, and these proteins were annotated using BlastP against the nonredundant
database of NCBI, with an E value of �1e-6, and 1,961 of these genes were found to be
homologous to Lactobacillus fermentum proteins. A total of 1,286 GO terms involved in
biological processes, 423 GO terms in cellular components, and 1,466 GO terms in
molecular functions were assigned. These genes were also annotated using KO terms
(or pathway annotation) using the KAAS-KEGG Web server, wherein 594 genes were
annotated.
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Finally, a total of 56 tRNA genes in the genome were predicted using tRNAscan-SE.
Also, a total of 15 rRNA genes (5 5S rRNAs, 4 16S rRNA, and 6 23S rRNAs) were found
by BLASTN, and the scaffolds were aligned against the Rfam database. The whole draft
genome result suggests that the identified genome is involved in metabolism pro-
cesses, genetic and environmental information processing, and cellular processes
which assist in bacterial tolerance toward various gastrointestinal challenges.

Accession number(s). This whole-genome shotgun project has been deposited
at DDBJ/ENA/GenBank under the accession number PDKX00000000. The version
described in this paper is version PDKX01000000.

ACKNOWLEDGMENTS
This research was funded by the Science & Engineering Research Board (SERB), New

Delhi, Government of India (grant EMR/2016/001399).
We thank the director of the ICAR-National Dairy Research Institute (NDRI), Karnal,

Haryana, India, for providing the necessary facilities to carry out research work.
We declare no conflicts of interest for this work.

REFERENCES
1. Dellaglio F, Torriani S, Felis GE. 2004. Reclassification of Lactobacillus

cellobiosus Rogosa et al. 1953 as a later synonym of Lactobacillus fer-
mentum Beijerinck 1901. Int J Syst Evol Microbiol 54:809 – 812. https://
doi.org/10.1099/ijs.0.02947-0.

2. Veiga P, Pons N, Agrawal A, Oozeer R, Guyonnet D, Brazeilles R, Faurie
JM, van Hylckama Vlieg JE, Houghton LA, Whorwell PJ, Ehrlich SD,
Kennedy SP. 2014. Changes of the human gut microbiome induced
by a fermented milk product. Sci Rep 4:6328. https://doi.org/10.1038/
srep06328.

3. Derrien M, van Hylckama Vlieg JE. 2015. Fate, activity, and impact of
ingested bacteria within the human gut microbiota. Trends Microbiol
23:354 –366. https://doi.org/10.1016/j.tim.2015.03.002.

4. Fernández M, Hudson JA, Korpela R, Reyes-Gavilán CG. 2015. Impact on
human health of microorganisms present in fermented dairy products:
an overview. Biomed Res Int 13:412714. https://doi.org/10.1155/2015/
412714.

5. Parijat LuleVK, Munjal K, Ali SA, Rawat P, Kumar S, Behare PV, Mohanty
AK. 2016. Evaluation of stationary phase and bile stress related protein
spots in Lactobacillus fermentum NCDC 400 by 2-DE method. Indian J
Dairy Sci 69:455– 459.

6. Pragya P, Kaur G, Ali SA, Bhatla S, Rawat P, Lule V, Kumar S, Mohanty AK,
Behare P. 2017. High-resolution mass spectrometry-based global pro-
teomic analysis of probiotic strains Lactobacillus fermentum NCDC 400
and RS2. J Proteom 152:121–130. https://doi.org/10.1016/j.jprot.2016.10
.016.

7. Kaur G, Ali SA, Kumar S, Mohanty AK, Behare PV. 2017. Label-free

quantitative proteomic analysis of Lactobacillus fermentum NCDC 400
during bile salt exposure. J Proteomics 7:36 – 45. https://doi.org/10.1016/
j.jprot.2017.08.008.

8. Behare PV, Singh R, Nagpal R, Rao KH. 2013. Exopolysaccharides pro-
ducing Lactobacillus fermentum strain for enhancing rheological and
sensory attributes of low-fat dahi. J Food Sci Technol 50:1228 –1232.
https://doi.org/10.1007/s13197-013-0999-6.

9. Ventura M, Turroni F, van Sinderen D. 2012. Probiogenomics as a tool to
obtain genetic insights into adaptation of probiotic bacteria to the
human gut. Bioeng Bugs 3:73–79. https://doi.org/10.4161/bbug.18540.

10. Karlyshev AV, Raju K, Abramov VM. 2013. Draft genome sequence of
Lactobacillus fermentum strain 3872. Genome Announc 1:e01006-13.
https://doi.org/10.1128/genomeA.01006-13.

11. Jayashree S, Pooja S, Pushpanathan M, Vishnu U, Sankarasubramanian J,
Rajendhran J, Gunasekaran P. 2013. Genome sequence of Lactobacillus
fermentum strain MTCC 8711, a probiotic bacterium isolated from yo-
gurt. Genome Announc 1:e00770-13. https://doi.org/10.1128/genomeA
.00770-13.

12. Sun Z, Zhang W, Bilige M, Zhang H. 2015. Complete genome sequence
of the probiotic Lactobacillus fermentum F-6 isolated from raw milk. J
Biotechnol 194:110 –111. https://doi.org/10.1016/j.jbiotec.2014.12.010.

13. Jiménez E, Langa S, Martín V, Arroyo R, Martín R, Fernández L, Rodríguez
JM. 2010. Complete genome sequence of Lactobacillus fermentum CECT
5716, a probiotic strain isolated from human milk. J Bacteriol 192:4800.
https://doi.org/10.1128/JB.00702-10.

Azmal Ali et al.

Volume 6 Issue 2 e01492-17 genomea.asm.org 2

http://www.ncbi.nlm.nih.gov/nuccore/PDKX00000000
https://doi.org/10.1099/ijs.0.02947-0
https://doi.org/10.1099/ijs.0.02947-0
https://doi.org/10.1038/srep06328
https://doi.org/10.1038/srep06328
https://doi.org/10.1016/j.tim.2015.03.002
https://doi.org/10.1155/2015/412714
https://doi.org/10.1155/2015/412714
https://doi.org/10.1016/j.jprot.2016.10.016
https://doi.org/10.1016/j.jprot.2016.10.016
https://doi.org/10.1016/j.jprot.2017.08.008
https://doi.org/10.1016/j.jprot.2017.08.008
https://doi.org/10.1007/s13197-013-0999-6
https://doi.org/10.4161/bbug.18540
https://doi.org/10.1128/genomeA.01006-13
https://doi.org/10.1128/genomeA.00770-13
https://doi.org/10.1128/genomeA.00770-13
https://doi.org/10.1016/j.jbiotec.2014.12.010
https://doi.org/10.1128/JB.00702-10
http://genomea.asm.org

	Accession number(s). 
	ACKNOWLEDGMENTS
	REFERENCES

