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The Microbiome

Appanna V.D. (2018) The Human Microbiome: The Origin. In: Human Microbes - The 

Power Within. Springer, Singapore. https://doi.org/10.1007/978-981-10-7684-8_1
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https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=30240894


Before sampling
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What is the aim?

National Academies of Sciences, Engineering, and Medicine. 2018. Environmental Chemicals, the Human Microbiome, and Health Risk: A Research Strategy. Washington, DC: The National 

Academies Press. https://doi.org/10.17226/24960.
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Study design
High variability of microbiome

Specific inclusion/exclusion criteria
◦ More homogenous group
◦ Increased study power

Define «healthy controls», if needed
◦ 18-64 years
◦ No chronic autoimmune, gastrointestinal, oncological diseases

Collection of metadata  information on factors that could impact the 
results

◦ Antibiotic treatment
◦ Other diseases
◦ Diet

Other factors
◦ e.g., Skin microbiome needs ~2hours to rebalance after washing hands
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DOI: 10.1186/s40413-015-0074-z

http://dx.doi.org/10.1186/s40413-015-0074-z


Design – case/control
Match study groups
 Age
 Sex
 BMI

High intra- & inter- individual variety
 Lifestyle
 Diet 
 Medication
 Physiology
 Geographic location

>1 control group
 Healthy individuals
 Asymptomatic patients
 Different stages of disease/therapy response

Time of sample collection
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The perfect control group = monozygotic twins
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VOLUME 3, ISSUE 6, P572-584.E3, DECEMBER 21, 2016

https://www.cell.com/cell-systems/issue?pii=S2405-4712(15)X0020-2


Design – longitudinal
???
How many time points

Observational / with intervention

Seasonal impact; Sample collection time

+
First sample as control

Increased study power

-
Adherence.

Stewart, C. J. et al. Longitudinal development of the gut microbiome and metabolome in preterm neonates 

with late onset sepsis and healthy controls. Microbiome 5, 75, doi:10.1186/s40168-017-0295-1 (2017).
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Defining a healthy plane
Microbiome dynamics in IBD
◦ Microbiome of IDB patients is fluctuating more

◦ Some IBD patient samples periodically where on the
«healthy plane»
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Nat Microbiol. 2017 Feb 13; 2: 17004.

https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=28191884


Study power calculations
Current methods based on:
 PERMANOVA

 Dirichlet Multinomial

 Random forest analysis

Some tools for case-control studies
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https://fedematt.shinyapps.io/shinyMB/

https://fedematt.shinyapps.io/shinyMB/


Designing a microbiome study
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Methods
Overview of  the most  often used approaches  for  microbiome analys is
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https://dx.doi.org/10.14218/JCTH.2019.00035


Culture-dependent methods 

Traditional approach for characterizing
bacteria, as well as some archaea and viruses

Allows to perform functional in vitro
experiments

Basis for development of probiotics

Possible to combine with other - DNA and
RNA based - methods

Complicated due to:
◦ Anaerobic microbiota

◦ Interaction between taxa

Information is limited to corresponding
knowledge and skills

Relatively low % of microorganisms for which
the culturing conditions are known
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Bacteria, archaea, fungi, 
viruses 
Small amount of data



PCR-based arrays
+

One or some number of specific
microorganisms can be included

Fast; suitable for diagnostics, forensics

-

Data limited to the array

PCR artefacts
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All microorganisms

Small amount of data



Analysis of marker-gene amplicons
+

Various types – barcodes:
◦ 16S rRNA – bacteria, some archaea

◦ 18S rRNA - eukaryotes

◦ ITS - fungi

Fast & widely used method

Can obtain information about most of the present
microorganisms (corresponding to marker-gene)

Low biomass requirement

Suitable for samples with high abundance of host DNA

High number of publicly available data

-

Number of marker-gene copies can be variable

Mostly can classify up to genus level

Resolution depends on the chosen marker-gene
and its region

No information if the detected microorganisms
are dead, alive, active

PCR artefacts, primer specify

False positive results in low-biomass samples

Limited data about functions (prediction tools?)
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Bacteria, archaea, 
eukaryotes, fungi 
Large amount of data



Shotgun metagenomics

+

Obtain most of the available genetic
information in the sample

◦ Dependent of sequencing depth

◦ Resolution up to species and strain level

Information about taxonomic and functional
profile

◦ Gene families

◦ Pathways

Possible to perform de novo assembly

-

Part of the data is taken by host DNA

Incomplete information in the reference
databases

For comprehensive microbiome
characterization – high sequencing depth is
needed

No information if the detected microorganisms
are dead, alive, active

Assembly artefacts
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All organisms – including 
the host
Large amount of data



Metatranscriptomics
+

Can identify live microorganisms (e.g. in
combination with marker-gene analysis)

Gives information about the dynamic inter-
individual differences

Gives information about microbial activity,
including about response reaction to
intervention or other factors

-

Complex sample collection and storage

Expensive and complex sample processing

Host mRNA and rRNA contamination

Data can be affected by microorganisms with
high transcriptional activity

Need to be combined with DNA sequencing to
distinguish transcription level from specific
changes in abundance of taxonomic groups
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All organisms – including 
the host
Large amount of data



Metabolomics and Metaproteomics
+

Targeted  for detection of known
metabolites/proteins (e.g. bile acids)

Untargeted for search of new compounds

Give opportunity to evaluate functional
changes

-

Cannot be connected to specific organisms

Expensive and complex

Differences in stability of study subjects
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All organisms – including 
the host
Large amount of data



15.10.2021. ML4MICROBIOME 22



Sampling
Factors signif icantly impacting the data
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Logistics
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 Who will collect the sample?

 Precise instructions for collection

 Patient safety

 Assisting devices

 Transportation

 Animal studies (?)



Sample type
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Zhang et al.Front. Cell. Infect. Microbiol., 24 February 2017



Sample transportation and storage
Storage:
Immediate freezing

Long term storage at +4 C (?)

Room temp. up to 24h

Avoid thawing/freezing cycles

Usage of stabilizers (RNAlater, OMNIgene Gut, 
Eswab kit, etc.)
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Cardona, Silvia et al. BMC microbiology vol. 12 158. 30 Jul. 2012.

Tedjo, Danyta I et al. PloS one vol. 10,5 e0126685. 29 May. 2015. 
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DNA extraction
Various kits available, however, the f irst step is the key.
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Cell degradation: Enzymatic vs Mechanistic
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https://www.thermofisher.com



Cell degradation: Enzymatic vs Mechanistic
Mostly – mechanistic method is used

In some cases – a combination of these methods
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Claassen, Shantelle et al. Journal of microbiological 

methods vol. 94,2 (2013): 103-110. 

https://doi.org/10.1371/journal.pone.0143334



Effects of sample processing on study results
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Scientific Reports volume 8, Article number: 5143 (2018)

Combination of
extraction kit, 

preservation buffer, 
and time.

https://www.nature.com/srep
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Subject specifity can be

observed independently of

the workflow. 

Scientific Reports volume 8, Article number: 5143 (2018)

Effects of sample processing on study results

https://www.nature.com/srep


DNA processing
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https://www.cifar.ca/cifarnews/2017/06/08/our-microbes-ourselves



Contamination risks
Contaminant DNA/RNA or other type of sample

Cross-contamination

Environmental contamination

Reagents, e.g. polymerase

 sensitivity NGS techniques =  contamination 
detection = cofound interpretation of results = 
controversial results?

Sequence + and – controls!
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Thank you!
Prof. Janis Klovins group
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