AN

DISAFA

rsita degli studi di torin

Current understanding of the
food microbiome in the era of
big data

llario Ferrocino

Department of Agricultural, Forest and Food Science (DISAFA), University of
Turin, Grugliasco, Italy

llario.ferrocino@unito.it

European Culture
XXXVIII ECCO MEETING 2019 June 12th-14th, 2019, Turin Collections’ Organisation



NG
5-Structure of food microbiota :{Q}E

Universita degii stud di torino.

orut
12%

—’—------ '

01U 3
59%

CGTAGCCC GCCTGTAAGACTCCTGCACGGAAT
TAGGTATACCGTAGCCCGCTATTAGAGCGTGTAAGACTCCTCCACGGAAT
TAGGTATACCGTAGCCCGCTATTAGAGCGTGTGAGACTCCTGCACGGAAT
GAGGGAGACCGTAGCCCGCTATGAGAGCGTGTAAGATGCCTGCACGGAAG
GAGGGATACCGTAGCCTGCTATTAGAGCGTGTAAGACGCCAGCACGGAAT
GAGGGATACCGTAGCCTGCTATTAGAGCGTGTAAGACGCCAGCACGGAAT
GAGCGATACTGTATCCCGCCATAAGATCGTGTAAGACTCCTGCACGGAAT
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1-Identifying sequences of interest
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2-Identifying nucleotide positions that

represent information rich variation 4-Generates converged oligotypes

Sample A Sample B Sample C

TACGATCGATAAATCGCCATCGATGIACTGT
Sample 1

tacGATCGATAAATCGCcATCGAT ThCeTGT O 1 ° t ° *

TACGATCGATA T GaTCcGCCATCGATAKCTGT 1 g O y p lng
Sample 2

TACGATCGAT(CEATCGCCATCGATICACTGT

TACGATCGATAGGATCGCCATCGATAIACTGT
Sample 3
T

Oligotypes
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TACGATCGATC ATCGCCATCGATGACTG

\ 3-Perform Shannon entropy analysis /

Position in the Alignment

*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



How changes in process parameters can affect the distributions of %
the oligotyping and how this difference can affect the final DISAFA
characteristic of the products.

International Journal of Food Microbiology 266 (2018) 337-345

Contents lists available at ScienceDirect

International Journal of Food Microbiology

journal homepage: www.elsevier.com/locate/ijffoodmicro

Potentially active spoilage bacteria community during the storage of )
vacuum packaged beefsteaks treated with aqueous ozone and electrolyzed |&&&
water

Cristian Botta®, Ilario Ferrocino®, Maria Chiara Cavallero®, Simonetta Riva®, Manuela Giordano?,
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Experimental approaches to study the ecology of foods

Food sample
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Taxonomic composition

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.
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FIG 4 Abundance of VOCs during ripening. Acetic acid, acetoin, and ethyl acetate concentrations over time (0, 3, 7, and 40 days) and under two fermentation
conditions (red, inoculated; blue, spontaneous fermentation). Boxes represent the interquartile ranges (IQRs) between the first and third quartiles, and the lines
inside represent the medians (2nd quartiles). Whiskers denote the lowest and the highest values within IQRs from the first and third quartiles, respectively.
Circles represent outliers beyond the whiskers.
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FIG 7 Liking test. (A) Radar graphs displaying the liking of appearance, odor, taste, flavor, and texture and overall liking expressed by consumers for the

Acetate sausages made by spontaneous and inoculated fermentation. (B) Distributions of the liking scores of flavor and odor (P < 0.05) for fermentation conditions
(red, inoculated; blue, spontaneous fermentation). Boxes represent the interquartile ranges (IQRs) between the first and third quartiles, and the lines inside
represent the medians (2nd quartiles). Whiskers denote the lowest and the highest values within IQRs from the first and third quartiles, respectively. Circles
represent outliers beyond the whiskers.



Metagenomics
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Microbiota (reconstructed from metagenomic libraries) in fermented
sausages
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& Acinetobacter & Enterococcus faecium Lactobacillus brevis % Lactobacillus casei paracasei  “ Lactobacillus coryniformis
® Lactobacillus curvatus % Lactobacillus malefermentans = Lactobacillus plantarum Lactobacillus sakei ¥ Lactobacillus versmoldensis
Lactococcus lactis ® Leuconostoc carnosum Leuconostoc citreum B [ euconostoc mesenteroides Pediococcus
Pediococcus acidilactici Pediococcus lolii B Pediococcus pentosaceus Pseudomonas Pseudomonas fragi
Staphylococcus carnosus Staphylococcus xylosus Weissella

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.

LAB culturable microbiota in fermented sausages

LY z

B Pediococcus pentosaceus W Lactobacillus sakei
W Lactobacillus coryniformis W Lactobacillus curvatus

Lactobacillus plantarum
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B Lactobacillus curvatus Lactobacillus sakei ™ Pediococcus pentosaceus B 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



L.sake/REP PCR biotypes stratification %
DISAFA
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Growth curves, acidification rate at #
temperature and # NaCl concentration




NS
Single-Nucleotide Polymorphisms in L. sake/genomes gg}}

Tree scale: 0.1 +
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T30Z

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



Canopy-based algorithm of sausages genes ﬁg}}

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)
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Carbohydrates metabolic routes ﬁ
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* Y —Butanoate:

* alcohol dehydrogenase [EC:1.1.1.1],

* (R,R)-butanediol
dehydrogenase/diacetyl reductase
[EC:1.1.1.4 1.1.1.303]

* 7 -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]
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From single
species

Hi, guys! 'mBacilliand
this is my wife Spirilla...

(RF :
‘..Hello! 'm Micrococcus
and this is Gallionella,

To interacting
ecosystems
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Thomas Hoffman, Kick off meeting EIT Food, Munich, December 20, 2016
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