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1-NAs 
extraction

2-PCR

4-OTUs clustering

3-Sequencing

5-Structure of food microbiota

Amplicon based
sequencing



Oligotyping*

1-Identifying sequences of interest

TACGATCGATCAGATCGCCATCGATGACTGT 

TACGATCGATCAGATCGCCATCGATTACTGT 

TACGATCGATCTGATCGCCATCGATAACTGT 

TACGATCGATCCGATCGCCATCGATCACTGT 

TACGATCGATCGGATCGCCATCGATAACTGT 

TACGATCGATCAGATCGCCATCGATGACTGT 
 

Sample 1	

Sample 2	

Sample 3	

2-Identifying nucleotide positions that
represent information rich variation

3-Perform Shannon entropy analysis

4-Generates converged oligotypes

*Eren, A.M., Maignien, L., Sul, W.J., Murphy, L.G., Grim, S.L., Morrison, H.G., Sogin, M.L. (2013). Methods Ecol. Evol. 4:1111-1119
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De Filippis, F.; Parente, E.; Ercolini, D. Recent Past , Present , and Future of the Food Microbiome. Annu. 
Rev. Food Sci. Technol. 2018, 9, 25.1-25.20.







Metagenomics

CulturOmics

Spontaneously
fermented sausages



Dominance of L. sakei never lower than 70% of the relative abundance in 
the three batches used 



Culturomics approach:
• Y was characterized by the 77% of the 

colony isolated identified as 
Lactobacillus sakei, 23% of Pediococcus
pentosaceus

• Z showed 62% of colony identified as L. 
sakei, 32% of colony identified as 
Lactobacillus curvatus

• X display 97% of L. sakei and 3% of 
colony of P. pentosaceus

It should be pointed out that L. curvatus was 
not isolated from X and Y and P. 
pentosaceus was never isolated from Z 
samples.

Y Z X
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Culturomics 

Lactobacillus curvatus Lactobacillus sakei Pediococcus pentosaceus 
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Strains 

Lactobacillus curvatus Lactobacillus sakei Pediococcus pentosaceus 

Strains n° of reconstructed strains (completeness >20%, contamination <5%)
Lactobacillus curvatus 7
Lactobacillus sakei 22
Pediococcus pentosaceus 19
TOT 48
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Growth curves, acidification rate at ≠ 
temperature and ≠ NaCl concentration



Phylogenetic tree built on concatenated L. sakei genes (1733 genes) extracted from assembled metagenomes.



Canopy-based algorithm of sausages genes
To identify patterns of genetic variation among batches we determined co-abundance
associations between genes and then clustered them, resulting in 14 co-abundance groups
(CAGs)

Y

X

Z

CAG-02: enriched of KEGG genes
releted to Butanoate metabolism

CAG-03: Fatty acid biosynthesis



• Y – Butanoate:
• alcohol  dehydrogenase [EC:1.1.1.1], 
• (R,R)−butanediol 

dehydrogenase/diacetyl reductase 
[EC:1.1.1.4_1.1.1.303 ] 

• Z - Propanoate:
• alpha−glucosidase [EC:3.2.1.20], 

alpha−N−arabinofuranosidase
• glyceraldehyde 3−phosphate 

dehydrogenase [EC:1.2.1.12] 
• acetate_kinase_[EC:2.7.2.1]



Butanoic acid ethyl ester Ethyl propanoate 

• Z – Enriched genes of 
propanoate route

• Y-releted to Butanoate 
metabolism
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From single 
species

To interacting 
ecosystems
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