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Background

*Traditional Nepali fermented foods are widely consumed and culturally embedded
*Potential sources of:

*Vitamin-producing microbes

*Gut-beneficial bacteria

*Functional traits remain poorly characterized

Objective

 To identify genome-encoded nutritional and gut-relevant traits in bacteria from Nepali
fermented foods.



Methodology (Overview)

Study Design and Dataset Overview

« 363 isolates from 35 traditional fermented foods
« 231 genomes sequenced

« 210 high-quality genomes retained

96 non-redundant representative strains (99.99% ANI)

Workflow:
Sampling — Isolation — Whole-genome sequencing — Annotation — Functional

screening



Methodology (Functional Screening)

Genomic screening (in silico):

 GABA biosynthesis pathways

* Vitamin biosynthesis (B1, B2, B7, B9, B12)

« Bacteriocin related genes

 EPS and biosurfactant-related genes

 Stress tolerance genes

Phenotypic validation (in vitro):

 Acid, bile tolerance and bile salt hydrolase (BSH) activity
« Antimicrobial activity (MRSA, E. coli)

Integrated genomic and phenotypic analyses were used to identify
functionally promising strains
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Microbial Isolation Across Nepali Fermented Foods

Aap ko achar Chyang Dahi Golveda ko achar Gundruk Kagati ko achar Kakro ko achar Kauli ko achar Lapsi ko achar Mohi Mula ko achar
(n=25) (n=18) (n=31) (n=103) (n=32) (n=4) (n=24) (n=13) (n=8) (n=32) (n=50)

Fermented food

Growth condition
I BHI (Aerobic)
I MRS (Anaerobic)
I PDA (Aerobic)

Tama
(n=23)

Achar samples showed the highest isolate diversity



Taxonomic Diversity Across Fermented Foods

Species

Plant-based fermentations show highest diversity, dominated by LAB and Bacillus

Weissella cibaria (3]
Streptococcus infantarius (3)
Priestia zanthoxyli {7)

FPriestia megaterium (9)
Pediococcus pentosacens (21)
Pediococcus acidilactici (1)
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Limosilactobacillus fermenturm (11)

Levilactobacillus brevis (10)
Lactococcus lactis (48)
Lactiplantibacillus plantarum (27)
Lacticaseibacillus paracasei (1)
Klebsiella pneumoniae (1)
Escherichia coli (7)

Enterococcus gallinartim (1)
Bacillus velezensis (8)

Bacillus subtilis (7)

Bacillus stercoris (12)
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Fermented food type

Substrate

Dairy (23)
Grain (11)
Plant (176)

Isolate count



Species-level Functional Potential of Fermented Food Isolates

GABA Vitamins Bacteriocins Biosurfactants
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Functional traits

Complete pathways were unevenly distributed across taxa, with Bacillus spp. showing the strongest
functional completeness, while LAB contributed selectively, particularly for GABA-related traits.



Strain ID

Species

Strain-Level Distribution of Functional Traits

Functional traits

Functional potential varies
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Species-Level Distribution of Phenotypic Traits
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Phenotypic traits

Stress tolerance was more broadly distributed across taxa, whereas BSH and
antimicrobial activity were restricted to subsets of species.



Strain-Level Distribution of Functional Traits Across Isolates

Phenotypic traits
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Phenotypic traits varied across strains and showed significant associations with functional genes,
iIncluding bsh and stress-response genes (katA, sodA), with antimicrobial activity showing moderate
genomic correlations, highlighting strain-level functional diversity.



Conclusion: Takeaway Messages

* Nepali fermented foods harbor functionally rich microbial diversity
* |dentified strains with vitamin production and gut survival potential.

* Representative strains include L. fermentum & L. brevis (GABA), L. plantarum
(gut survival), Pediococcus/Lactococcus (antimicrobial), Bacillus spp. (vitamins)

e Supports development of low-cost functional foods

 Strong relevance for nutrition security in Nepal.
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