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Aspetti tecnici e procedurali per una buona
sperimentazione sul microbioma

Technical and procedural aspects for a
good experimentation on the microbiome
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In the last decades a plethora of publications have
used DNA- and RNA-based profiling methods to
interrogate microbial communities in locations
ranging from ice columns in the remote arctic to

the human body.

The human microbiota comprises the
microorganisms, with their genes and
metabolites, colonizing (in varying compositions)
different body niches, such as mouth, genitals,
skin, airways and the gut

Disruption of the balanced interaction of microbes
with the host (dysbiosis) is associated with a
plethora of pathologies: hence the great medical
interest in clarifying community composition and
functions to open perspectives of applications in
various areas, notably therapeutics
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The gastrointestinal tract is the most studied microbial ecosystem within the human

host, due to its large volume, relevance to health and disease, and high diversity:
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Figure 1. Intersubject variability of the gut microbiome. (4) A principal coordinates plot of unweighted
computed usina the Earth Microbiome Proiect (EMP) data set™ and the fecal samples from the Americal
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The diversity detectable in human stool (AGP, American Gut Project) is comparable
with the diversity spanned by completely different kinds of environments in the
Earth Microbiome Project (EMP)
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... And new pieces in this puzzle are continuously discovered....
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Conducting a robust experiment is not trivial in microbiota research:

«A metagenomics study includes multiple consecutive steps and requires careful attention
to the study design, the choice of methods, and rigor of study»

«Unlike [other technologies] that have already converged toward standardized methods
and procedures, leading to reproducibility and comparability between studies,
metagenomics has not yet reached such level of maturity»

ELSEVIER

Interrogating the microbiome:

{| experimental and computational
considerations in support of study
reproducibility
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) 1970 - 2020

Therefore, what should we worry about
when planning a study of amplicon
metagenomics?
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1-Study design and scientific questions

2-Data generation: considerations on
the experimental flow i

Choose study subjects and cont

Animal studies
Human sudies

3-Data analysis l

Sample
Store samples
Extract DNA
PCR and sequencing

l

165 rRNA gene analysis

Filter and normalize
OTU analysis

o l

Diversity analysis
Conducting a Microbiome Study Visualization
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1-Study design and scientific questions
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A reliable microbiome study depends on defining

clear scientific questions and objectives that drive

the design and the choice of the experimental and
computational strategies

Scientific St
question de:
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Typical scientific questions, such as those addressed in case-control and
longitudinal or intervention studies, can all be addresed in microbiome studies

HOWEVER: many confounding factors, if not controlled, can obscure patterns in
microbiome data:

Confounder Age, gender, diet ar

In case-control studies potential confounders are: heterogeneity of clinical
phenotypes among patients, age, body mass index, pregnancy, gender, diet,
medications, other lifestyle factors

Longitudinal studies control these confounding factors
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Key points:
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1-CASE-CONTROL STUDIES:

CASES: try to recruit a «diseased» population as homogeneous as possible: the
heterogeneity of clinical phenotypes dilutes the statistical estimates of effect sizes
of the microbiome.

Example. in a study examining the role of the microbiota in the development of
pneumonia: focus on the most common type rather than trying to profile all the
different etiological types.

HOW TO ACHIEVE THIS?

Specify well-defined inclusion and exclusion criteria, e.g., based on respiratory
cultures
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CONTROLS: their choice is crucial, and often challenging.

They must:

-be matched with cases for all those factors impacting the microbiota (sex, age,
use of drugs...), to avoid confounding factors

-have a phenotype in clear contrast with that of cases. This does not necessarily
imply that they must be «healthy»

(If faisible, multiple control groups recruited on the basis of a variety of criteria
and methods could offer more insights into the heterogeneous effects of the
microbiome)
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2-LONGITUDINAL STUDIES:

Individuals are used as their own controls (e.g., by collecting samples before and
after a treatment)

TIMING AND FREQUENCY OF SAMPLE COLLECTION are often
determined/influenced by:

-monetary resources
-invasiveness of the sampling procedure

-subject compliance to study protocol
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ALL STUDIES: EFFECT SIZE

The number of samples required for a microbiome study depends on the effect
size:

an adequate number of subjects must be recruited to ensure that the effect
expected from the exposure or intervention of interest can be detected.

Evaluate the effect size with the help of:

-statistical analysis and tools, also available online

-a pilot study
- scientific literature, looking at similar previous studies
COMMENTAR
README.rst
Microbial . . . . .
Cosrw E-vident: elucidating sampling effort for microt
Gt Bl analysis studies

Gastroenterology 2020;158:1524-1528
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FINAL, IMPORTANT REMARK:
METADATA

Organize for an accurate collection and curation of metadata about all aspects of
each sample, from clinical variables to sample processing: document everything
and be consistent!

Record the maximum information about subjects, samples, and experimental
procedures (that must be kept absolutely constant throughout the study) for use
during downstream statistical and bioinformatics analysis
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TABLE 2
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Experimental and computational considerations to design, conduct and reproduce a microbiome study

Stage

Challenging factors to consider

Recommendations and risk mitigation

Study design

Scientific question(s)

e Clearly define the objective(s) of the study before deciding on the study design and statistica

Effect size and target population

s Evaluate the effect size with a pilot study (or from scientific literature)
» Estimate the study size based on anticipated effect size and similar previous studies (power a
» Focus on specific aspects with well-defined inclusion and exclusion criteria to reduce heterog

Control groupl(s)

» Appropriate control group should have a clinical phenotype distinct from the one under study
criteria to avoid confounding factors

¢ In longitudinal studies, individuals can be used as their own control by collecting baseline samy
» Multiple control groups selected on various criteria can provide mare insights

Timing and frequency of sample collection

» Cross-sectional sampling from patients is appropriate for diagnostic microbiome signatures an
microbiome types. It has the advantage that more individuals can be analyzed

» Repeated sampling of the same subject over time should be chosen to get insight into temporal «
view of microbial community changes. It is also appropriate for monitoring disease severity or res
suitable to discriminate between dysbiosis associated with disease and preclinical states and sh
resilience. For repeated sampling, sampling frequency should be similar between subjects

Additional measurerments

» Select factors with continuous rather than categorical measurements as surrogates of disease

Drug Discovery Today Valume 23, Nuf

ELSEVIER

Interrogating the microbiome:
experimental and computational

| considerations in support of study
reproducibility
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2-Data generation. Considerations
on the experimental flow
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1-SAMPLE COLLECTION, TRANSIT AND STORAGE

® Important variables in microbiota studies outcomes because they impact the DNA yield and

THEM CONSTANT ACROSS SAMPLES AND AVOID FREEZE-THAWS

The most widely accepted protocols include immediate freezing in dry ice or liquid
nitrogen, followed by storage at -80°C. Before freezing, the sample can be homigenized to
generate multiple, identical aliquots

Immediate freezing is not always feasible, e.g., for stool samples collected at home.
However, several studies underline that the effects of short-term storage conditions on
community diversity and structure are generally small. Here, refrigeration can bridge the
time between collection and processing (few days at +4°C: minimum effect)

Another possibility is the use of preservatives/stabilizing solutions for storage at +4°C or RT

ANYWAY: the most important factor that affects the composition of the microbial
community is the number of freeze-thaw cycles
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Table 2. Overview af reported significant effects of different storage conditions on alpha diversi
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2-DNA EXTRACTION

The most important source of technical variation and bias: different DNA extraction
protocols result in different diversity profiles (and ecological indexes) because of differential
sensitivity to common mechanical or chemical lysis methods of microbial cells within the
community

Combination of chemical and mechanical (zirconia beads) lysis is proposed to capture the
most accurate community composition and to efficiently extract DNA from Gram-positive
bacteria

Extraction protocols MUST be applied consistently within a study. The use of commercial kits
increases the possibility for consistency between independent studies

Contamination issues are particularly important, especially when working with «extreme»
environments with low microbial biomass (eg., meconia): run a blank extraction control
through DNA extraction and PCR

In the lab, if possible, spatially separate pre- and post-PCR steps
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3-CHOICE OF PRIMERS: WHICH V-REGIONS SHOULD |
TARGET?

-Rely on previous studies

-Consider that different couples of universal 16S primers may be biased toward (or
against) certain bacterial taxa, thus giving artefactual over- (or under-
representations) of them.

-For example, the 27F/338R primer sets (targeting the V1-V3 regions) is biased

against the amplification of Bifidobacteria.

-Other primer sets poorly resolve specific taxa. For example, Enterobacteriaceae,
Clostridiaceae, Peptostreptococcaceae are poorly resolved by primers on V3-V4
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4-DNA AMPLIFICATION

PCR amplification could lead to biases when DNA template concentration is low
and/or PCR cycle number is high.

Some hints to minimize bias:

-Use a standard (relatively high) DNA concentration across samples
-Pool multiple PCR for each sample
-Use proof-reading polymerases
-Use longer annealing times to reduce chimera formation
-Use PCR enhancers to improve yields
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OTHER HINTS: THE IMPORTANCE OF CONTROLS

1-include negative controls at different sample processing steps:

-Blank extraction control: DNA extraction and all subsequent steps performed on
water to evidence the «kitome»
-Blank PCR control: PCR and library generation performed without template
addition
-Blank sequencing control: sterile swab opened in the sequencing lab undergoes
full sequencing control

(results on low biomass samples are potentially indistinguishable from
contamination!)

2-include positive controls. Use mock communities to check for potential
introduction of bias or distortion during sample processing
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3-Data analysis: Mothur, QIIME & Co
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Overview of computational methods and recommendations for the context of applicability for metagenomic data analysis

Methods Description Advantages

Limitations

Recommendations andfor mit

Taxonomic profiling: to identify taxa and estimate their relative abundances in microbiome samples

Marker gene Step 1: operational taxonomic unit (OTU) picking — cluster sequence reads into taxonomic units (phylotypes) based on sequence identity
sequencing Preferred marker genes: 165 for bacteria and archaea and intermal transcribed spacer (ITS) for fungi

analysis

De novo Used to cluster sequences without « Mo need for o prior
any external knowledge
reference sequences

» Computationally intensive:
large memery and long
execution times

» Mot suitable for very large da
exhaustive de novo clustering i
# Greedy algorithms are more
» First group input sequences i
bins, and then cluster within e:

Closed-reference Used to cluster sequences with & Fast and scalable
external reference sequence [parallelization)
database or collection

& Unmatched sequences
discarded

& Mot recommended for enviro
samples because they contain
that mostly lack reference genc

Open-reference Hybrid approach: initially clusters all & More reads can be mapped
sequences using external reference » Fast
sequence database or collection
and then applies de nowo method
for sequence reads that do not
match any reference

& Most suitable approach to us
# Mot possible to use it when ¢
different regions of the 165 rRb

Step 2: OTU taxonomic assignment — assign OTUs to taxa

Mumerous algorithms Closed-reference: transfer
available taxanomy of the reference
sequence

De novo and open-reference: search
for the closest match to an OTU,
fram which a taxonomic lineage is
inferred using reference databases
of marker genes

o Many OTUs will lack a
complete taxonomy label,
resulting from a lack of
confidence or from a
matching to a branch in the
phylogeny that lacks
taxonomic information

» zenus andfor species
information might be biased
toward reference strains that
can be cultured

« OTU quality filtering based o
« OTUs of similarity >97% cone
species for bacteria and archae
# Rarefy (i.e, randomly select e
sequences from each sample fc
OTU table to mitigate differenc
« Important to report database
names can be different from or
# Use Biological Observation M
far OTU tables

Step 3: Taxonomy collapsing — assess abundances at higher taxonomic level
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Downstream analysis and visualization

Alpha-diversity Describe microbiome taxa or functional diversity within a sample

& Visualize proportions ¢
taxonomic ranks using p

Beta-diversity Describe microbiome taxa or functional diversity between samples

Principal coordinate analysis Reduce microbiome data dimensionality to ease data visualization and interpretation

# Use principal coordina

(PCoA) separation and bacterial
Clustering or classification - Build a classifier to discriminate sample groups and train predictive model for classification & Identify taxa- and/or fu
supervised predictors of subject cla:

regression-based approa

Clustering or classification - Cluster samples based on taxa or function-associated abundances without prior knowledge
unsupervised

# Use distance metric suc
a clustering algorithm

# Perform clustering in
robustness, because the
distance metric and alge
» Use resampling metho
in a cluster

« Heatmap wvisualization

Statistical modeling Develop statistical model(s) to test scientific hypotheses

# Define key dependent
primary study objectives
& Check and, if necessary,
experimental and technic:
# Transform data for noom
sequence read counts top
ar use nonparametric stat
» Possibly drop rare taxa, w
the analysis

& Avoid categorization (e
variables, but rather keep
& Once numerically encoc
categorical variables

& Imruite missina data foe
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Times they’re changing
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Advance Access Publication Date: 14 May 2018
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Third generation platform (Pac Bio) allow OTUs vs ASVs (amplicon sequence
sequencing of the entire 16S gene, with an variant): while OTU approaches attempt to
enhanced taxonomic resolution collaps similar sequences into a consensus

sequence, thus minimizing the influence of any
sequencing errors within the pool of reads, the
ASV tries to reconstruct each exact sequence
present in a sample
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