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Introduction to microbiome
studies: Basic concepts and
applications
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Microbiome
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What is microbiome?
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Microbiome is the sum of the microbes
and their genomic elements in a
particular environment '
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Berg, G, et al. Microbiome, 2020 Cardinale, M., et al. Scientific reports 2017



The human microbiome
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The human microbiome in health and disease

| : .Meta

MetaHIT
(Metagenomics of Human (The NIH Human
Intestinal Tract) Microbiome Project)

Healthy gut microbiome boundaries?
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Human microbiome knowns

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

Undetected unknowns

Hidden taxa & strain-level diversity
~20% sequences not matching
microbial genomes

Functional unknowns
~40%* genes without a match in
functional databases

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



Back in the days....
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1800s - Present:
Culture, staining,
and microscopy

mid-1600s: used to study *IVY
First microbes microbes that can HHIHNHI% Igcmm
described be cultured CTCTIe e

circa 1600: 1800s: 1990s:
Microscope Connection DNA sequencing
invented made between becomes available,

microbes and
disease

allowing study of
microbes that cannot
be cultured

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



... and now

NGS TGS

Nanopore sequencing family

lllumina GA lon torrent PGM
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2005 2006 2007 2010

454 Pyrosequencing

ABI's SolLiD system

PacBio Sequel System

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



How to study human microbial communities?

amplicon-
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Functions

Abundance

Identify genes, pathways, and
relative frequencies in sample

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

shotgun
sequencing



How to study human microbial communities?

MICROBIOLOGY REVIEWS

High-quality reviews from leaders in the field

FEMS Microbiol Rev. 2017 Aug; 41(Suppl 1): S154-S167. PMCID: PMC7207147
Published online 2017 Jun 30. doi: 10.1093/femsre/fux027 PMID: 28830090

Practical considerations for large-scale gut microbiome studies

Doris Vandeputte,!?2 Raul Y. Tito, "2 Rianne Vanleeuwen,* Gwen Falony,!? and Jeroen Raes'+?

Ethical Sample Data Data

protocol Collection collection analysis




Methodology / 16S rRNA gene amplicon sequencing

Biopsies’ DNA

Stool &

Saliva

NCE: Negative control
extraction

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

Ampllcon visualization
Electrophoresis

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

NC: Negative control PCR

PC: Positive control
RC: Single bacteria strain
USD: Mock community

Data crunching:

Lotu$S/
DADA2
RDP
QIIME2
Mothur

MiSeq 2x250

=
S, -

Amplicon quantification

Fragment Analyzer

Pooling and library
purification



Microbial profiles

Nine microbial profiles using 16S rRNA V4 gene marker
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Diversity of intestinal microbial profiles
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Ordination was performed at the genus level, 10000 reads per sample



Studies

e Bacteria archaea focus



ARTICLE
Received 19 Aug 2014 | Accepted 4 Feb 2015 | Published 25 Mar 2015 OPEN

Subsistence strategies in traditional societies
distinguish gut microbiomes

Alexandra J. Obregon—Tit01'2'3'*, Raul Y. Tito"2*, Jessica Metcalf?, Krithivasan Sankaranarayanan’,
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Distinct gut microbial communities among different lifestyles
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Young et al. Genome Medicine (2021) 13:27
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Colorectal cancer and stool microbial communities in Flanders

Observational study
LCPM (n =589)
Expressions of interest . . .
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Axis.2 (7%)

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

Moisture content —
IBD/UC —

Antibiotics last 3 months —
Laxatives last week —
Delivery mode —

Time sport —

Diet fruit portions —
Diabetes treatment —

Sex —

Dental issues —

Use diuretics —
Constipation last week —
Cholesterol medication —
Fecal calprotectin —
Previous polypectomy —
Cancer medication —

BMI -

Variable
Individual
Cumulative
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Microbial biomarkers in colorectal cancer progression
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Studies

* Multi-domain: the other players



Gut microbiota

OPEN ACCESS

ORIGINAL ARTICLE

Population-level analysis of Blastocystis subtype
prevalence and variation in the human gut microbiota

Raul Y Tito,"** Samuel Chaffron,* Clara Caen(ePeeI,5 Gipsi Lima-Mendez, "

JunWang, " Sara Vieira-Silva, " Gwen Falony,

2 Falk Hildebrand,® Youssef Darzi, "2

Leen Rymenans, "* Chloé Verspecht,"* Peer Bork,>”® Severine Vermeire,”
Marie Joossens, "* Jeroen Raes '
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IBD-L and FGFP exhibit distinct Blastocystis prevalence

Carriers Non-carriers
3.7 %
30.2 %
FGFP IBD-L

N=616 N=107

TitoR. Y., et al., Gut, 2019
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Wilcoxon, p = 2e-13

IBD-L and FGFP exhibit distinct microbial profiles
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Blastocystis status has the highest explanatory power in inter-individual

variation of microbiota composition

Effect size
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©PLOS |

NEGLECTED

TROPICAL DISEASES

Check for ‘
updates
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RESEARCH ARTICLE

Meta-taxonomic analysis of prokaryotic and
eukaryotic gut flora in stool samples from
visceral leishmaniasis cases and endemic
controls in Bihar State India

Rachael Lappan’, Cajsa Classon?, Shashi Kumar®, Om Prakash Singh:3, Ricardo V. de
Almeida®, Jaya Chakravarty®, Poonam Kumari®, Sangeeta Kansal®, Shyam Sundar’*,
Jenefer M. Blackwell 5%+

1 Telethon Kids Institute, The University of Western Australia, Nedlands, Western Australia, Australia,

2 Department of Microbiology, Tumor and Cell Biology, Karolinska Institutet, Solna, Sweden, 3 Department
of Medicine, Institute of Medical Sciences, Banaras Hindu University, Varanasi, India, 4 Departamento de
Bioquimica, Centro de Biociéncias, Universidade Federal do Rio Grande do Norte, Natal, Brazil,

5 Department of Pathology, University of Cambridge, Cambridge, United Kingdom
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Take home message

* 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.
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