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Abstract: [Objective] (EPS),

Limosilactobacillus fermentum is widely used in food industry and is of huge economic value. Based on

Enhancing immunity and producing exopolysaccharide
population genetics, this paper aims to analyze the genetic background and functional gene
characteristics of L. fermentum F-6, which is expected to lay a genetic basis for the development and
utilization of the strain. [Methods] Comparative genomics was used to analyze the whole-genome
sequences of 23 L. fermentum strains and 1 model strain ATCC 14931" from NCBI, Roary to identify
core-pan genes, and rapid annotation using subsystem technology (RAST) to annotate the genomes.
[Results] A phylogenetic tree was constructed based on the yielded 997 core genes and the analysis
showed that the clustering had nothing to do with the source. However, strain F-6 was in the same clade
with 3 food-derived strains. Genome annotation results revealed that only strain F-6 contained genes
involved in branched chain amino acid synthesis pathway (i/vD, leuA, etc.) and thus can provide
essential amino acids for the body. Strain F-6 harbored a large number of genes encoding
glycosyltransferases and UDP-glucose 4-epimerase, and contained a complete eps cluster. Compared
with other L. fermentum strains, strain F-6 had the unique functional gene gadC which is associated to
acid resistance. In addition, potential probiotic genes such as genes related to the synthesis of
glutathione, antimicrobial peptide, and adhesion molecules were also identified in the genome.
[Conclusion] According to the genomic background and functional genome, F-6 is a potential probiotic
strain with acid resistance genes, branched chain amino acid synthesis genes, and a complete eps gene

cluster, which will contribute to our understanding of the genetic basis of L. fermentum F-6.

Keywords: Limosilactobacillus fermentum F-6; comparative genomics; genetic background; functional
genes; eps cluster
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Table 1 Basic information of 24 L. fermentum retrieved from NCBI

Strain name

Isolate source

Region location

NCBI Refseq assembly number

IFO 3956 Food Unknown GCA_000010145.1
ATCC 149317 Unknown Unknown GCA_000159215.1
CECT 5716 Milk from female Unknown GCA_000210515.1
F-6 Food Unknown GCA_000397165.1t11
3872 Milk from female Others GCA_000466785.3
NCC2970 Unknown Others GCA 001742205.1
SNUV175 Vaginal tract Korea GCA_001941785.1
FTDC 8312 Fecal Malaysia GCA_002119645.1
LAC FRN-92 Oral cavity Others GCA_002192435.1
SK152 Food Korea GCA_002242615.1
MTCC 25067 Food Others GCA_002356135.1
CBA7106 Fecal Korea GCA_003255875.1
LDTM 7301 Food Korea GCA 003346795.1
DR9 Food Malaysia GCA _003710225.1
LMT2-75 Food Korea GCA _003855655.1
YL-11 Food China GCA_003860425.1
SRCM 103285 Food Korea GCA_004063515.1
SRCM 103290 Food Korea GCA_004063635.1
2760 Food Others GCA_008802915.1
USM 8633 Food Malaysia GCA_009676625.1
AGR1487 Oral cavity New Zealand GCA _011032745.1
AGR1485 Oral cavity New Zealand GCA _011032765.1
HFD1 Fecal Others GCA _012273035.1
IMDO 130101 Food Others GCA_900205745.1
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000
Tree scale: 0.001 ————

Clade 1

Limosilactobacillus fermentum SRCM 103290
Limosilactobacillus fermentum YL-11
Limosilactobacillus fermentum MTCC 25067
Limosilactobacillus fermentum SK152
Limosilactobacillus fermentum LAC FRN-92 | |
Limosilactobacillus fermentum HFD1
Limosilactobacillus fermentum ATCC 149317 .
Limosilactobacillus fermentum 2760
Limosilactobacillus fermentum USM 8633
Limosilactobacillus fermentum FTDC 8312
Limosilactobacillus fermentum 3872
Limosilactobacillus fermentum CECT 5716
Limosilactobacillus fermentum SNUV175
Limosilactobacillus fermentum LMT2-75
Limosilactobacillus fermentum DR9
Limosilactobacillus fermentum AGR1485
Limosilactobacillus fermentum NCC2970
Limosilactobacillus fermentum F-6
Limosilactobacillus fermentum IFO 3956
Limosilactobacillus fermentum LDTM 7301
Limosilactobacillus fermentum SRCM103285
Limosilactobacillus fermentum CBA7106

|| Milk from female
|| Oral cavityl

|| Unknown

-] Vaginal tract

~.]Region location

China |
Malaysia
New Zealand

ther
|| South Korea
.1 Unknown

B 1 ETF 24 ¥k L. fermentum ) 997 Mz O ERHENRFE L E R

Figure 1

Phylogenetic tree based on 997 core genes in 24 L. fermentum. The numbers on the branch indicated

that the reliability of this branch (bootstrap value); The ruler indicates the branch genetic variability of this
length of 0.001 (the frequency of base substitution is 0.001 per locus in this genome).
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Figure 2 Heatmap of ANI (A) and the presence and absence of genes (B) based on the genome sequences of L.

fermentum.
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Figure 3 Annotation of 24 L. fermentum strains based on the RAST database. The percentage of above the bar
chart = (number of such functional genes/number of all functional genes)x100%. The ordinate number is the

number of functional genes.
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Table 2 The unique genes of strains F-6 and CECT
5716 in 24 L. fermentum strains

Strains Genes Annotation
F-6 gadC  Glutamate/gamma-aminobutyrate
antiporter

azoB  NAD(P)H azoreductase (EC 1.7.—. —)
bea C protein alpha-antigen precursor
kynB  Kynurenine formamidase (EC 3.5.1.9)

CECT gppA 3-dehydroquinate dehydratase

5716

aroF  Shikimate dehydrogenase

rluC  HTH-type transcriptional regulator
pyrF  Inosose isomerase

pacS  Putative copper-transporting ATPase

mobB  Molybdopterin-guanine dinucleotide
biosynthesis adapter protein

mccB  Cystathionine gamma-lyase
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Table 3 Genes related to probiotic properties of L. fermentum F-6

Genes Annotation

Probiotic properties

gshAB, garB Glutathione biosynthesis bifunctional protein glutathione amide reductase  Glutathione biosynthesis

ImrA Multidrug resistance ABC transporter ATP-binding and permease protein ~ Production of bioactive peptides
LuxS S-ribosylhomocysteine lyase (EC 4.4.1.21)

tagE Putative poly (glycerol-phosphate) alpha-glucosyltransferase (EC 2.4.1.52) Improving host metabolism

atpC ATP synthase epsilon chain Production of adhesion molecules
ribBA Riboflavin biosynthesis protein Riboflavin synthase

ribF Riboflavin biosynthesis protein

ribE Riboflavin synthase (EC 2.5.1.9)

W s ERMAE ) (tagE) . SFLER(IdR) . B
T (atpC)FAEYTE IR (ImrA . LuxS) ;= H: 4
KA, AT 4R Ak s A T RE . 3 b, L
fermentum HFD1 J&— kB A 75 # K2 B
bR, XTHERAHR KA EH 4 N ATE R
PUR KA LM, T F-6 JE N4 R AEqE 2 AN
] T P IR SE R, HED F-6 mT BB HA — & A
fEJT o

R DhRe L A &30, TRIbE F-6 78 24 Bk
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3 4
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