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What is microbiome?

Berg, G, et al. Microbiome, 2020 

Microbiota is all 
microbes living in an 
environment

Cardinale, M., et al. Scientific reports 2017

Microbiome is the sum of the microbes 
and their genomic elements in a 

particular environment



The human microbiome

Human cell / 
microorganims 
cell  
50 / 50

Gut microbiota
The most diverse 

and dense 
microecology is 

in the gut

95% of our 
bacteria are 
located in 
the GI tract



2008 2007

Healthy gut microbiome boundaries?

The human microbiome in  health and disease



The human microbiome in  health and disease

Modified from Oliveira & Pamer, Cell Host & Microbe, (2023)



Thomas, A. M., & Segata, N. BMC biology, 2019). 

Human microbiome knowns

Actinomycetota (or Actinobacteria)
Bacteroidota (or Bacteroidetes)
Bacillota (or Firmicutes) 
Proteobacteria



Back in the days….

https://learn.genetics.utah.edu/content/microbiome/study



… and now

https://www.mdpi.com/2075-1729/12/1/30

NGS TGS



Morgan, X. C., Segata, N., & Huttenhower, C. (2013). doi:10.1016/j.tig.2012.09.005

microbiota

amplicon-
based marker gene

microbiome

shotgun 
sequencing

How to study human microbial communities?



How to study human microbial communities?

Ethical 
protocol

Sample 
Collection

Data 
collection

Data 
analysis



MiSeq 2x250

Data crunching: 
LotuS/
DADA2

RDP
QIIME2
Mothur

16S rRNA V4 gene region, 515F-806R

Amplicon visualization
Electrophoresis

Amplicon quantification
Fragment Analyzer

Pooling and library
purification

Biopsies’ DNA

Analysis:
R (vegan, 
phyloseq, 
CodeSeq, 
etc.)

Stool &
Saliva

NCE: Negative control 
extraction

NC: Negative control PCR
PC: Positive control
RC: Single bacteria strain
USD: Mock community

Methodology / 16S rRNA gene amplicon sequencing



30017

30054

30017

30063

30054

30054

3006330063

30017

−0.2

0.0

0.2

0.4

−0.2 0.0 0.2 0.4

Axis.1   [43.1%]

A
x
is

.2
  

 [
2

4
.3

%
]

LocationS

Ca

dC

pC

Patient_ID

a

a

a

30017

30054

30063

Patient_ID

Microbial profiles

Nine microbial profiles using 16S rRNA V4 gene marker

30017

Ca

30017

dC

30017

pC

30054

Ca

30054

dC

30054

pC

30063

Ca

30063

dC

30063

pC

0.00

0.25

0.50

0.75

1.00

A
b
u

n
d

a
n

c
e

Genus
Bacteroides

Bifidobacterium

Blautia

Clostridium_IV

Escherichia/Shigella

Faecalibacterium

Fusobacterium

Roseburia

Unknown

Other

Composition within Bacteria ( 8 top Genus )

A

B

C

A B C



Stool

Saliva

Bray-Curtis distance dissimilarity
Ordination was performed at the genus level, 10000 reads per sample

Diversity of intestinal microbial profiles



Studies

• Bacteria archaea focus





Distinct gut microbial communities among different lifestyles

Obregon-Tito et al, Nature Communications, 2015

USA PERU

HighlandsJungle 
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Brussels

Leuven

Antrwerp

Colorectal cancer and stool microbial communities in Flanders



Microbiota covariates explain close to 7% of the microbial community 
variation



Microbial biomarkers in colorectal cancer progression



Studies

• Multi-domain: the other players



Characterisation of 
Bacteria, Archaea and 

Eukarya
16S rRNA V4 data (NGS)

Blastocystis carrier status 
confirmation by genus-

specific PCR of
18S rRNA Microbiota profili ng 

(16S rRNA v4 gene)

1106 partic

i

pan ts (FGFP)

616 partic

i

pan ts (subset)

Blastocystis genus 
detectio

n

 (PCR marker)

FGFP (n=616)

Microbiota profili ng 

(16S rRNA v4 gene)

1106 partic

i

pan ts (FGFP)

616 partic

i

pan ts (subset)

Blastocystis genus 
detectio

n

 (PCR marker)

IBD-L (107)



Tito R. Y., et al., Gut, 2019

IBD-L and FGFP exhibit distinct Blastocystis prevalence



Tito R. Y., et al., Gut, 2019

IBD-L and FGFP exhibit distinct microbial profiles



Distance-based redundancy analysis (dbRDA) on Bacteria and Archaea genus-level Bray-Curtis dissimilarity matrices

11 % of inter-individual 
microbiota variation explained

Tito R. Y., et al., Gut, 2019

Blastocystis status has the highest explanatory power in inter-individual 
variation of microbiota composition





• Multiple variables contribute, confound and compound 
microbial diversity (potential for spurious associations).

• The field is moving towards a more inclusive (i.e. multidomain) 
but refined and detailed analysis.  

• Extensive metadata is required for improved analysis.

Take home message



Questions
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