
PRINCIPLESFOR SCIENTIFICSUBSTANTIATION(cont.)
General scientific guidance for stakeholders onhealth claim applications

Characterisation of  
microorganisms

#microMOOC #PNAS 2004

 Species identification + strain characterisation/typing needed, 
since effects are strain specific unless the contrary is demonstrated

 New molecular tools (multilocus sequence typing, optical mapping, 
whole-genome sequencing, etc.). Open list to others.

 Several methods often needed in combination

EFSA remit & role: with focus on scientific substantiation of Health Claims 
made on foods. EFSA meeting with IPA Europe, Parma, 18 January 2019



1. Genome Assembly 

was performed using SPAdes (version 3.15.1). 

Visualization via ARTEMIS tool

2. Genome Annotation 

was executed using Prokka (version 1.14.5) and PGAP. 

3. Comparative genomics

• Average nucleotide identity (ANI) analysis 

(Pyani version 0.2.10)

• Approximately-maximum-likelihood 

phylogenetic tree (FastTree 2.1)

4. Genes involved in technological and functional characteristics 

investigated using EggNOG, BlastKOALA

5. Safety assessment

• presence of plasmids (PlasmidFinder)

• antibiotic resistance (ResFinder 4.1)

• virulence genes (VirulenceFinder 2.0)

• pathogenicity (PathogenFinder 1.1)

Experimental workflow 



- SPAdes

- SSPACE

De novo assembly

Genome Assembly 



Genome feature analysis for SRΧ10

Circular chromosome map of Lb. 
paracasei SRX10

Genome 
characteristics

Value

Length 2,813,407 bp

GC content 46.40 %
Total genes 2,764

CDSs 2,711
rRNAs 6
tRNAs 44

ncRNAs 3
Pseudogenes 106

Contamination (%) 1.89

The genome of Lc. paracasei SRX10 is

comprised of a circular chromosome

with a total length of 2.81 Mb and a GC

content 46.4%

Members of the emended 
Lactobacillus genus exhibit genomes 
that vary in size, ranging from 1.27 to 

4.91 Mb (Duar et al., 2017)

Lc. paracasei strains possess a median 
genome length of 3.01 Mb and a 

median GC content of 46.3% 



Genome Characteristics Value
Length 2,958,982 bp
GC content 46.3 %
Total genes 2,920
CDSs 2,870
rRNAs 5
tRNAs 42
ncRNAs 3

Pseudogenes 105
No. of CRISPR Arrays 0
Cas proteins 0
IS elements 122
Phages
Intact 1
Incomplete 2
Questionable 2

Antibiotic resistance genes
Perfect hits 0
Strict hits 0
Loose hits 202
Virulence genes 0
Probability of being a human 
pathogen

0.099

Plasmids 0

Lc. paracasei SP5 genome metrics 
are typical of the Lc. paracasei species  

Frontiers Micro 2022;13:922689. 

Genome feature analysis for SP5



Characterisation of novel probiotic strains (Whole-genome sequencing)

Frontiers Micro 2021;12:746659. Biomedicines 2021;9(11):1718.



Approximately-maximum-likelihood phylogenetic tree of Lc.
paracasei strains isolated from dairy products (pink – fermented
milk products, yellow– cheese, blue- yoghurt, green- raw milk
products)

Strain ANI (%) with 
SRX10

SRX10 100
KMB_622 99.67

EG9 99.62
FAM18172 99.58
FAM18123 99.51
FAM22279 99.50

SP5 99.43
FAM18110 99.40

Lpp14 99.34
Lpc-yoghurt_C5 99.34
Lpc-yoghurt_C1 99.31
Lpc-yoghurt_C3 99.31

FAM19404 99.26
FAM18175 99.26
ATCC334 99.23
FAM8407 99.21

ANI of Lc. paracasei SRX10
derived from fermented milk
products (A) ANI heatmap of all
dairy isolates (B) ANI of Lc.
paracasei SRX10 with dairy
isolates

Average nucleotide identity (ANI) analysis using the python module Pyani,
showed that the strain possessed unique genomic sequences, and further
confirmed its classification in the Lc. paracasei species

Phylogenomic and Pangenome analysis for SRX10



Lc. paracasei SP5 is a unique strain that 
belongs to the Lc. paracasei species  

SP5
SP5 1
FAM18172 0.994177
FAM22279 0.993258
Lpp14 0.991895
ATCC334 0.991474
FAM18175 0.990251
ATCC25302 0.990191
KL1 0.990157
LC2W 0.990041
Lpp7 0.990039
COM0101 0.989907
Lpp37 0.989872
BD-II 0.989491
Lpp226 0.989313
Lpp125 0.988772
Lpp122 0.988018
CNCMI-4270 0.987437
FAM3248 0.987297
FAM4067 0.98708
FAM22277 0.986993
TMW1.1434 0.986689
CNCMI-4648 0.986671
CNCMI-2877 0.986671
Zhang 0.986314
FAM6161 0.986299
Lpp17 0.986282
Lpp123 0.986054
Lpp43 0.986051
Lpp74 0.985998
Lc-10 0.985682
TD062 0.98547
FAM18157 0.985405
Lpp126 0.985383
FAM6165 0.985242
Lpp41 0.985202
FAM18149 0.985153
FAM18168 0.98509
CNCMI-4649 0.985044
FAM22280 0.985032
CAUH35 0.985001
FAM6012 0.984923
FAM22278 0.984349

ANI species cut off > 96%

Average Nucleotide Identity (ANI) for species 
identification/strain characterization through whole-
genome similarity analysis

Frontiers Micro 2022;13:922689. 

Phylogenomic and Pangenome analysis for SP5



• Lc. paracasei strains do not cluster 
based on isolation source

• Lc. paracasei SP5 clusters with dairy 
strains – however it exhibits close 
phylogenetic relationship with human-
and vegetable-derived strains

Frontiers Micro 2022;13:922689. 

Phylogenomic analysis for SP5



Class SP5 Pangenome Unique
C, Energy production and conversion 111 (4.81%) 299 (3.17%) 1 (2.3%)
D, Cell cycle control and mitosis 38 (1.62%) 134 (1.42%) 0 (0%)
E, Amino Acid metabolism and transport 184 (7.83%) 539 (5.71%) 1 (2.38%)
F, Nucleotide metabolism and transport 111 (4.72%) 237 (2.51%) 0 (0%)
G, Carbohydrate metabolism and transport 231 (9.83%) 879 (9.32%) 7 (16.67%)
H, Coenzyme metabolism 66 (2.81%) 164 (1.74%) 2 (4.76%)
I, Lipid metabolism 57 (2.43%) 134 (1.42%) 0 (0%)
J, Translation 166 (7.06%) 306 (3.24%) 0 (0%)
K, Transcription 211 (8.98%) 632 (6.70%) 6 (14.29%)
L, Replication and repair 157 (6.68%) 1521 (16.11%) 5 (11.90%)
M, Cell wall/membrane/envelop 
biogenesis

125 (5.32%) 598 (6.34%) 4 (9.52%)

N, Cell motility 8 (0.34%) 29 (0.31%) 2 (4.76%)
O, Post-translational modification, protein 
turnover, chaperone functions

52 (2.21%) 139 (1.47%) 0 (0%)

P, Inorganic ion transport and metabolism 132 (5.62%) 450 (4.77%) 1 (2.38%)
Q, Secondary Structure 26 (1.11%) 72 (0.76%) 1 (2.38%)
T, Signal Transduction 52 (2.21%) 155 (1.64%) 1 (2.38%)
U, Intracellular trafficking and secretion 45 (1.91%) 144 (1.53%) 2 (4.76%)
V, Defense mechanisms 74 (3.15%) 365 (3.87%) 1 (2.38%)
S, Function Unknown 502 (21.36%) 1614 (17.11%) 8 (19.05%)
No category, General function prediction 
only

269 (11.45%) 1019 (10.81%) 5 (11.9%)

Total 2350 (100%) 9430 (100%) 42 (100%)

Lc. paracasei SP5 unique genes are involved in 
carbohydrate metabolism and DNA transposition 

Pangenome Analysis to define functional diversity and 
evolution, niche adaptation and host interactions

Frontiers Micro 2022;13:922689. 

Pangenome analysis for SP5



1. Stress tolerance responses (cold shock, heat

shock proteins and genes responsible for the

resistance to osmotic shock)

2. Metabolic pathways and genes associated with

flavor development

• Carbohydrate metabolism (catabolism of lactose)

• Lipid metabolism (lipid degradation, fatty acid

biosynthesis (e.g., fabD, fabH, fabZ)

• Amino acid metabolism (proteolytic enzymes (e.g.,

pepN, pepX, and pepC)

3. EPS production (e.g., epsA, epsB, and epsC) were

annotated in the genome of the strain

Technological characteristics Functional characteristics

1. Resistance to Gastrointestinal conditions (a full

cluster for the production of F0F1 ATP synthetase

atpABCDEFGH)

2. Adhesion capacity (moonlighting proteins)

3. Antimicrobial compounds

4. Vitamin synthesis (Vitamin B1)

Detection of genes associated with

Genome-Wide Analysis for SRX10



Genome-Wide Analysis for SP5

Front. Micro 2022;13:922689 



Genome stability
Three prophage regions were predicted in the genome of Lc. 
paracasei SRX10. No plasmids or mobile genetic elements were 
detected, while a total of 98 insertion elements were identified 
in the genome of the strain. Finally SRX10 lacks functional 
CRISPR arrays and does not code for Cas proteins. 

Virulence and antibiotic resistance
SRX10 does not possess any virulence factors that could 
negatively affect the host. No acquired antibiotic resistance 
genes were identified by RGI and ResFinder.

BLAST analysis confirmed that SRX10 does not harbor genes 
encoding the enzymes responsible for the production of 
biogenic amines or genes involved in hemolysis.

In silico Safety Assessment for SRX10
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The 2024 Nobel Prize in Physiology or Medicine jointly to 
Victor Ambros and Gary Ruvkun for the discovery of 
microRNA and its role in post-transcriptional gene 
regulation





Manipulating the human microbiome 



Microbiota: the ecological community of commensal and symbiotic organisms
that share our body space.



Microbiome: the human microbiome was defined as the complete genome (an
organism’s complete set of DNA including the genes) of all microorganisms in and
on the human body.



https://apc.ucc.ie/



Human individuals are 99.9% identical to each
other in terms of their own genome, whereas the
microbiome of each individual can be 80-90%
different from one another.



HMP1, (2008-2014), characterized 
the microbial communities from 300 
healthy individuals, across different 
sites on the human body: nasal 
passages, oral cavity, skin, GI tract, 
and urogenital tract. 16S rRNA 
sequencing was performed to 
characterize the complexity of 
microbial communities at each body 
sites, and to begin to ask investigate 
whether there is a core healthy 
microbiome. Metagenomic whole 
genome shotgun sequencing 
provided insights into the functions 
and pathways present in the human 
microbiome. 

Metagenomics is a molecular tool used to analyse DNA acquired from environmental samples, in
order to study the community of microorganisms present, without the necessity of obtaining pure
cultures.





Transcriptomics
Transcriptomics is the study of the transcriptome—the complete set of RNA
transcripts that are produced by the genome, under specific circumstances or in a
specific cell—using high-throughput methods, such as microarray analysis.
Comparison of transcriptomes allows the identification of genes that are
differentially expressed in distinct cell populations, or in response to different
treatments.



Transcriptomics
Transcriptomics is the study of the transcriptome—the complete set of RNA
transcripts that are produced by the genome, under specific circumstances or in a
specific cell—using high-throughput methods, such as microarray analysis.
Comparison of transcriptomes allows the identification of genes that are
differentially expressed in distinct cell populations, or in response to different
treatments.



Proteomics is the analysis of the entire protein complement of a cell, tissue, or
organism under a specific, defined set of conditions. In its present state, it is
dependent on decades of technological and instrumental developments. These
developments have included advances in mass spectrometry (MS) technology,
protein fractionation techniques, bioinformatics, etc.





The metabolome is the complete set of metabolites within a cell, tissue or
biological sample at any given time point. The metabolome is inherently very
dynamic: small molecules are continuously absorbed, synthesised, degraded and
interact with other molecules, both within and between biological systems, and
with the environment.





Diversity of the human microbiome is concordant 
among measures, unique to each individual, and 
strongly determined by microbial habitat

Microbial carriage varies between subjects down to the species and strain level



The iHMP (2014-) will create 
integrated longitudinal datasets 
from both the microbiome and host 
from three different cohort studies 
of microbiome-associated 
conditions using multiple ‘omics 
technologies. Each of these study 
groups has engaged in providing 
new computational tools and 
integrative molecular perspectives 
on microbial activity during 
dysbiosis. As a result of creating 
these multiomic data resources, the 
iHMP has opened up new 
opportunities for data integration in 
the human microbiome. 



Τhe second phase of the HMP, the Integrative HMP (iHMP
or HMP2), was designed to explore host–microbiome
interplay, including immunity, metabolism, and dynamic
molecular activity, to gain a more holistic view of host–
microbe interactions over time.



Τhe second phase of the HMP, the Integrative HMP (iHMP
or HMP2), was designed to explore host–microbiome
interplay, including immunity, metabolism, and dynamic
molecular activity, to gain a more holistic view of host–
microbe interactions over time.



Approximately 15 million preterm births at less than 37 weeks of
gestation occur annually worldwide. Preterm birth (PTB) remains the
second most common cause of neonatal death across the globe, and the
most common cause of infant mortality in middle- and high-income
economies. The consequences of PTB persist from early childhood into
adolescence and adulthood. In the United States, striking population
differences with respect to PTB exist, with women of African ancestry
having a substantially larger burden of risk. The estimated annual cost of
PTB in the United States alone is over US$26.2 billion. Despite these
statistics, there remains a paucity of effective strategies for predicting
and preventing PTB.



1,527 pregnancies longitudinally and involved the collection of 206,437
biospecimens for analysis of host and microbial factors (16S amplicon,
metagenomic, and metatranscriptomic sequencing; cytokine profiling;
metabolomics; proteomics; genomics; and microbial isolate culture).
Around 600 pregnancies were analysed in depth to assess features that
lead to preterm birth; this analysis identified both host (for example,
cytokine) and microbial (for example, ecological and specific strain)
factors.







In the present study, we developed a proof-of-concept model that
suggests the presence of BVAB1, Prevotella cluster 2, S. amnii and TM7-
H1 early in pregnancy may be useful for prediction of risk for PTB,
particularly in high-risk populations. It is possible that BVAB1,
Prevotella cluster 2, S. amnii and TM7-H1, and other taxa may have
roles in the causation of PTB.

Taken together, our data suggest that, coupled with other clinical and
possibly genetic factors, microbiome-associated taxonomic, metabolic
and immunologic biomarkers may be useful in defining the risk of
PTB, and that this risk might be assessed early in pregnancy.



Τhe second phase of the HMP, the Integrative HMP (iHMP
or HMP2), was designed to explore host–microbiome
interplay, including immunity, metabolism, and dynamic
molecular activity, to gain a more holistic view of host–
microbe interactions over time.







Metabolite enrichments in IBD versus control phenotypes



Potentially mechanistic associations between IBD-linked microbes and 
metabolites



Τhe second phase of the HMP, the Integrative HMP (iHMP
or HMP2), was designed to explore host–microbiome
interplay, including immunity, metabolism, and dynamic
molecular activity, to gain a more holistic view of host–
microbe interactions over time.



http://med.stanford.edu/ipop.html







In total, 1,092 collections across all participants were profiled. For each
visit, blood was assayed for host molecular ’omics profiling and two
types of samples, nasal swabs and faeces, were collected for microbial
profiling. Each participant’s exome was sequenced once; otherwise, for
each visit, 13,379 transcripts were profiled from peripheral blood
mononuclear cells, 722 metabolites and 302 proteins from plasma, and
62 cytokines and growth factors from serum. In addition, thousands of
gut and nasal microbial taxa and computationally predicted genes were
profiled using 16S rRNA amplicons. All visits were also intensively
characterized by 51 clinical laboratory tests. In addition, because of the
focus on T2D, a number of glucose dysregulation tests were performed,
including measurements of fasting glucose and haemoglobin A1C levels,
oral glucose tolerance tests, and tests of insulin resistance.





T2D is an inflammatory disease, and several inflammation molecules are
important indicators of T2D development, including IL-1RA, HSCRP, IL-6,
IL-1β and TNF. In the case of participant ZNED4XZ, only IL-1RA and
HSCRP increased before the onset of T2D, but not the other markers,
including IL-6 and IL-1β. Τhe development of T2D in this participant was
not caused by liver or adipose inflammation at those time points.



Probiotics and the human microbiome 



Since health benefits conferred by probiotics are strain-specific, identification to the
strain level is mandatory to allow the monitoring of the presence and the levels of a
specific probiotic strain in a product or in a gastrointestinal tract.





FMT
Fecal

microbiome 
transplantation









Science Translational Medicine 2019
Vol. 11, Issue 477, eaaw1815
DOI: 10.1126/scitranslmed.aaw1815 



An opportunity emerges for context-specific tailoring of distinct
probiotic strains to optimize gut colonization and downstream activity.

These challenges include the need to develop noninvasive approaches for direct sampling of the
gut mucosa and technologies to enable reliable characterization of the microbiome in different
regions of the gut.

One emerging limitation of FMT is that efficacy varies between fecal
donors because of unknown factors. Another concern involves the
risk of transmission of communicable diseases or other microbiome-
mediated traits from donor to recipient.

Clinical translation necessitates stringent testing, preferably in the form of randomized placebo-
controlled clinical trials. In these trials, feasibility, efficacy, adverse events, and long-term safety
issues need to be assessed in large cohorts to ensure that the tested interventions are used
responsibly, avoiding unsubstantiated claims and contemporary hype.

Science Translational Medicine 2019
Vol. 11, Issue 477, eaaw1815
DOI: 10.1126/scitranslmed.aaw1815 

We need to determine mechanisms of activities of probiotic strains in vivo, thereby enabling the
prediction of alterations in the microbiome after treatment.



Direct administration of Bifidobacterium to TAC recipients with 
established melanoma tumors improves tumor-specific immunity and 
response to αPD-L1 mAb therapy

Probiotics and the human microbiome 



2021 Dec 24;374(6575):1632-1640. 

2018 Jan 5;359(6371):97-103. 

Probiotics and the human microbiome 



Army General Hospital Rhodes General Hospital

Probiotics and the human microbiome 



Future probiotics

ανAnimal studies

ανIn vitro studies


