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ABSTRACT. Limosilactobacillus fermentum is a promising probiotic with several documented health 

benefits. LAB1 is an antagonistic L. fermentum strain isolated from borhani, a traditional South Asian 

beverage prepared from dairy and plant ingredients. Here, I present the genome sequence of the L. 

fermentum LAB1 strain, its annotation, and phylogenetic features. The 2.01 Mb genome with a G+C content 

of 51.9% was assembled into 221 contigs and predicted to have 1,913 protein-coding genes, 98 pseudo 

genes, 7 rRNAs, 60 tRNAs, and 1 CRISPR array. As much as 91.1% of the coding sequences could be assigned 

to known functional genes. Determination of average nucleotide identity (ANI) of the genome sequence 

revealed 99.37% identity to that of the type strain ATCC 14931. Its 16S rRNA gene sequence extracted from 

the genome sequence showed close phylogenetic association with several L. fermentum strains. The genome 

sequence is expected to provide useful insights with regard to the phenotypic, metabolic and beneficial 

aspects of this lactic acid bacterium. 
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Introduction 

Limosilactobacillus fermentum (formerly known as Lactobacillus fermentum) is a Gram-positive rod-shaped 

lactic acid bacterium (LAB) that has attracted increasing attention in recent years for its promising probiotic 

potential (Naghmouchi et al., 2020). The bacterium is heterofermentative (Ibrahim, 2016), a producer of 

important metabolites such as exopolysaccharides (EPS) and biosurfactants, and tolerant to harsh 

gastrointestinal conditions such as high levels of pH and bile salts (Klayraung, & Okonogi, 2009; Satpute et 

al., 2016; Naghmouchi et al., 2020). Previous studies reported identification of L. fermentum strains from milk, 

gastrointestinal tract (GIT) and urogenital tract of human, GIT of other animals, plant tissues, and food 

products (Sepp et al., 2018; Santos et al., 2021). Some strains have been implicated with various health 

benefits that are strain-specific and include antimicrobial, antioxidative, anti-inflammatory, anti-aging, anti-

cancer, immunomodulatory, and cholesterol-lowering effects (Santos et al., 2021). Hence, L. fermentum holds 

high promise for future development as a probiotic.  

The bacterium is already being used as starter culture and food preservative due to its ability to improve 

sensorial properties of foods such as flavor, texture etc. (Yo, Yong, & Oh, 2021). Moreover, a recent study 

showed that nutraceutical formulations of L. fermentum strains combined with phenolic compounds such as 

quercetin or resveratrol can be an effective technique to obtain beneficial effects from both the microbial and 

the plant components (Sampaio et al., 2021). Hence, it might be possible to use L. fermentum strains for 

enhancing the bioavailability and bioactivity of (poly)phenols that are otherwise poorly absorbed. In another 

study, a L. fermentum strain isolated from the Chinese fermented food Jiangshui was demonstrated to have a 

high degradation capacity of uric acid which was further validated in mice model wherein the L. fermentum 

strain could also decrease hyperuricemia (Wu et al., 2021). Another strain also isolated from Jiangshui was 

able to reduce arsenic accumulation in crayfish (Han et al., 2022). Therefore, L. fermentum strains are 

considered to be strong probiotic candidates for health and food related applications. A further advantage of 

L. fermentum is that this species is already regarded as ‘generally recognized as safe’ (GRAS) by the US Food and 
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Drug Administration (FDA) (García et al., 2017). However, since the health promoting effects of lactic acid bacteria 

are strain-specific wherein a particular strain might only provide one or a few of the beneficial effects, a continuous 

need exists for the isolation and characterization of new strains with superior natural qualities. 

The L. fermentum LAB1 strain reported here was isolated from borhani (Hossain, Mozumder, Ali, & 

Akther, 2022a) which is a heavily spiced dairy beverage prepared from ingredients of both animal and 

plant origin. Its principal constituents are yoghurt, coriander and mint, and small amounts of pepper, 

mustard, cumin seeds, green chilies, rock salt, and sugar. Popular among people of all ages, borhani is 

usually consumed after a heavy meal and believed to be highly beneficial for digestion. Although this 

traditional South Asian beverage has been locally prepared for many years at home and also served at 

restaurants, in recent years it has been increasingly produced commercially, and marketed under several 

renowned or unrecognized brands. The borhani-derived strain of the present study had strong 

antimicrobial activity against several Gram-positive and Gram-negative pathogenic organisms (Hossain, 

et al., 2022a), and produced EPS and biosurfactant. 

Genome sequencing of probiotic strains can be a valuable genetic resource providing important new 

insights into the strains’ probiotic attributes. Here, I report the genome sequence of the LAB1 strain which is 

expected to offer useful genetic information into its beneficial properties by the identification and functional 

characterization of the encoded genes. The taxonomic and phylogenetic association of the strain s also discussed. 

Material and methods 

Isolation source and maintenance of the LAB1 strain 

The LAB1 strain was isolated by the conventional spreading technique (Hossain, Alam, & Sikdar, 2011). 

Five different samples of borhani purchased from shops in the Chattogram city were mixed, 5× serial dilutions 

of the mixture were spread on De Man, Rogosa and Sharpe (MRS) agar medium (20 g L-1 glucose, 10 g L-1 

peptone, 10 g L-1 beef extract, 5 g L-1 yeast extract, 2 g L-1 dipotassium hydrogen phosphate, 5 g L-1 sodium 

acetate trihydrate, 2 g L-1 triammonium citrate, 0.1 g L-1 magnesium sulphate heptahydrate, 0.05 g L-1 

manganese sulphate tetrahydrate, 1 ml L-1 Tween-80, 18 g L-1 agar and water) (Microbial Culture Media, 2020) 

and incubated at 37°C for 48 hours (Hossain, et al., 2022b). Pure cultures were obtained by repeated streaking 

on MRS medium and preserved in 20% v v-1 glycerol at -80°C (Hossain et al., 2020). For subsequent analysis, 

cells were first activated from the stock (Hossain, Das, Ali, Chowdhury, & Zedny, 2021) in MRS broth which 

was further transferred and grown in fresh medium. 

Extraction of genomic DNA 

For whole genome sequencing, activated culture was streaked on MRS agar medium and incubated at 37°C 

for 48 hours. Subsequently, one of the colonies grown on the agar-plate was used to extract its total genomic 

DNA using the Wizard® Genomic DNA Purification Kit (Promega, Madison, WI, USA) and quantified using the 

Quantus fluorometer (Promega) according to the manufacturer’s instructions.  

Library preparation, sequencing and assembly 

Libraries were prepared using the Illumina DNA prep library preparation kit (San Diego, USA) and 

sequencing was conducted using the Illumina NextSeq 2000 system at Invent Technologies, Bangladesh. For 

subsequent analysis, default parameters were used for all software unless otherwise specified. The raw reads 

were quality checked with FastQC (2020) version 0.11.8, filtered for the low-quality reads and reads shorter 

than 200 bp by Trimmomatic version 0.38 (Bolger, Lohse, & Usadel, 2014), and assembled by SPAdes version 

3.12.0 (Bankevich et al., 2012)). 

Analysis and annotation of genome sequence 

Functional annotations of the genome were carried out by the NCBI prokaryotic genome annotation 

pipeline (PGAP) (Tatusova et al., 2016) and Rapid Annotation using Subsystem Technology (RAST) (Overbeek 

et al., 2014). Genome assembly and annotation completeness was assessed by Benchmarking Universal 

Single-Copy Orthologs (BUSCO) (Simão, Waterhouse, Ioannidis, Kriventseva, & Zdobnov, 2015). Taxonomic 

annotations were based on average nucleotide identity (ANI) conducted using ANI calculator (http://enve-

omics.ce.gatech.edu/ani/index). The taxonomic assignment was further verified by NCBI blastn and Unipept 

using the sequences (Mesuere et al., 2015). 
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Genome project 

The whole genome project has been deposited in GenBank under the accession number JAJTII000000000. 

Taxonomic analysis 

Phylotype of the isolate was determined based on sequence similarity of its 16S rRNA gene using NCBI 

BLAST Suite and RDP classifier as previously described (Hossain et al., 2018). 

Phylogenetic analysis 

Phylogenetic analysis was performed as described previously (Ali et al., 2021). Briefly, multiple sequence 

alignment was performed using ClustalW and a tree of the aligned sequences was built by maximum likelihood 

method using the MEGA software version X (Kumar, Stecher, Li, Knyaz, & Tamura, 2018). Sequences for construction 

of the phylogenetic tree was retrieved from the GenBank and EZbioCloud databases (Yoon et al., 2017). 

Results and discussions 

Genome features of Limosilactobacillus fermentum LAB1 

The draft genome was 2,011,628 nucleotides and consisted of 221 contigs with a G+C content of 51.9% and 

an N50 value of 34,128 (Table 1). A total of 2,081 genes were predicted by PGAP which included 1,913 protein 

coding genes, 98 pseudogenes, seven rRNAs, 60 tRNAs, and three ncRNAs. As much as 91.1% of the protein 

coding sequences was assigned to known functions and the rest was annotated as hypothetical proteins. 

Analysis with BUSCO revealed a completeness score of 99.2% with a total of 122 complete single-copy genes, 

one complete and duplicated gene, and one fragmented gene.  

Table 1. Genome features of the Limosilactobacillus fermentum strain LAB1. 

Features Value 

Genome size (bp) 2,011,628 

No. of contigs 221 

G+C content (%) 51.9 

N50 (bp) 34,128 

Completeness score (%) 99.2 

Genes (total) 2,081 

CDSs (total) 2,011 

Genes (coding) 1,913 

Genes (RNA) 70 

rRNAs 2, 2, 3 (5S, 16S, 23S) 

tRNAs 60 

ncRNAs 3 

Pseudo Genes 98 

CRISPR array 1 

 

These genome features of LAB1 appear to be similar to those reported for other L. fermentum strains. For 

example, genome of the L. fermentum ATCC 23271 strain had 2,193,335 bp with 50.9% GC content and 2,123 

protein-coding sequences (Santos et al., 2021). Limosilactobacillus fermentum KUB-D18 genome was reported 

to be approximately 2.02 Mbps having GC content of 51.72% and 2,158 protein-encoding genes (Phujumpa et 

al., 2022). Strain DM075 had 2,204,022-bp genome with 51.0% GC content and 2,129 coding sequences (Park 

et al., 2022). According to the NCBI genome database, the 156 L. fermentum genome assemblies have a median 

total length of 2.01183 Mb with a median GC of 51.8% and median protein count of 1,892. For L. fermentum 

reference genome, ASM2281924v1, the genome size, GC content and protein count are 2.02 Mb, 51.8% and 

1,888 respectively. 

Genetic identification and phylogenetic features 

Analysis of both the genomic and 16S rRNA gene sequences supported placement of the LAB1 strain in 

Limosilactobacillus group. The 16S rRNA gene was extracted from its genome sequence predicted by RAST. 

The sequence identity and sequence-based taxonomy were analyzed by NCBI nucleotide BLAST and RDP 

classifier. 16S rRNA gene of LAB1 showed a high homology to those in the public databases with 100% identity 
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to that of L. fermentum strain HPLD and more than 99% identity to several other strains of L. fermentum with 99 to 

100% coverage (Table 1). Phylogenetic tree also showed a close association of the LAB1 strain with L. fermentum 

strains (Figure 1) particularly HPLD and L18, providing further support for its taxonomic affiliation. 

Table 2. Molecular identification of the isolate based on homology of its 16S rRNA gene sequence. Top five strains that appeared in the 

search results are shown.  

 NCBI BLAST1 RDPI SeqMatch 

SN 
L. f.2 

strain 
Accession Score 

Query 

Cover 

E 

value 

% 

ident 

Acc. 

Len 

L. f.2 

strain 
ID Score UCO3 

1 HPLD MN336188 2368 1 0 100 1582 UICT/BK1; FJ463754 S001243173 1 0839 

2 L18 MK033872 2362 0.99 0 100 1573 AB5-18; FJ966275 S001549769 1 0664 

3 K3 EU621850 2361 0.99 0 100 1569 AB21-107; FJ966280 S001549774 1 0673 

4 K1 EU621848 2355 0.99 0 99.92 1568 AK2-8; FJ966281 S001549775 1 0581 

5 NRIC 0145 AB362626 2355 0.99 0 99.92 1570 AK4-180; FJ966283 S001549777 1 0563 
1 Results for only 16S rRNA gene sequences are included. 2 L. f.: Limosilactobacillus fermentum. 3 UCO: Unique common oligomers. 

 

Figure 1. Phylogenetic tree showing evolutionary relationship of the LAB1 strain with other Limosilactobacillus fermentum strains 

including several type strains. The evolutionary history was inferred using Maximum Likelihood method and Tamura-Nei model. Initial 

tree for the heuristic search was automatically obtained by applying Neighbor-Join and BioNJ algorithms to a matrix of pairwise 

distances estimated using the Maximum Composite Likelihood (MCL) approach, and then selecting the topology with superior log 

likelihood value. The tree is drawn to scale, with branch lengths measured in the number of substitutions per site; (T): type strain; 

ACN: accession number. 

ANI values indicated over 99% similarity with the genomes of several L. fermentum strains; for example, 

99.39% identity with L. fermentum ATCC 23271 and 99.37% identity with the type strain L. fermentum ATCC 

14931, which provides evidence for LAB1 to be classified as a L. fermentum strain (Taxonomy ID: 1613).  

Conclusion 

Genome sequence and annotation reported in this study provides an important genetic resource of the L. 

fermentum strain. The genome information will facilitate genetic characterization of its beneficial and safety 

properties and their biochemical validation for its development and application as a probiotic. An extensive 

genome mining is, therefore, required to identify its genes involved in the principal metabolic pathways and 

biomolecules required for its probiotic functions. Moreover, comparative and functional genome analysis will 

also provide genetic basis for both the strain-specific and shared beneficial traits present in this species. 
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