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Outline

• What is the microbiota

• How is it measured
– Techniques
– Sampling Issues
– Best Practice Recommendations



Microbiota vs Microbiome

• Often used synonymously.

• “Microbiota” – Collection of organisms.

• “Microbiome” – Collective genetic material of 
a microbial community.



What is the microbiota?

• Collection of microorganisms 
– Bacteria
– Archaea
– Fungi
– Viruses
– Bacteriophages

Most studies referring to gut microbiota

- Virome

- Mycobiome

- Phageome



Shkoporov 2019 Cell Host & Microbe



What is the microbiota?

Archaea (in gut)

<0.8% ~3%



Bacteriophages
• Bacteria: Human Cells           1.3:1 
• Bacteriophages: Bacteria      10:1

Hsu 2019 Cell Host & Microbe



Bacteriophages

Salmond 2015 Nat Rev Microbiology



Shkoporov 2019 Cell Host & Microbe



Nomenclature

Bacteria

Bacteria

Firmicutes

Bacilli

Lactobacillales

Lactobacillaceae

Lactobacillus

Lactobacillus rhamnosus

Lactobacillus rhamnosus GG (ATCC 53103)Strain:

Eukarya

Animalia

Chordata

Mammalia

Primates

Hominidae

Homo

Homo sapiens

Genus Species



Alpha Diversity

• Within sample measure
– Simpson, Chao1 (richness)
– Shannon Index (richness and evenness)



Beta Diversity
• Between sample measure
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Measuring Microbiota

• Targeted qPCR
• 16S rRNA gene
• Shotgun sequencing

• Metatranscriptomics
– Measuring bacterial mRNA

• Microbial Metabolomics
– Measuring metabolites

Who’s there?

What are 
they doing?



Sequencing Popularity
“16S rRNA sequencing” 

“shotgun sequencing” 

Web of Science



Targeted qPCR

• Using bacteria specific primers

Jiang 2016



16S rRNA gene

• 16S rRNA gene (bacteria and archaea)

• ITS (fungi)



16S rRNA gene

Větrovský 2013 PLOS ONE

• Bacteria can have multiple 16S rRNA genes

“Only a minority of bacterial genomes harbors identical 16S rRNA gene copies”



Thomas et al, 2015 – Future Microbiology

16S rRNA gene



16S rRNA Primer Set

Wu 2010

Region *
v1-v3 27f / 534r BSF8 / BSR534
v3-v5 357f / 926r BSF343 / BSR926
v6-v9 968f / 1492r BSF917 / BSR1492



16S rRNA Sequences
Sequence

Quality Score



Representative Sequences

Susan Holmes (Stanford)

Exact Sequence Variant (ESV)

Operational Taxonomic Units 



16S rRNA Summary

• Most popular way to measure microbiota
• Uses primers for a specific part of the 

hypervariable region
• Sequences

– Old Method: Use OTUs
– New Method: Use ESVs (ASVs)



Shotgun Sequencing

Quince 2017 Nature Biotechnology



Genome Transcriptome Proteome



Metatranscriptomics

• Measuring the entire transcriptome 

Franzosa 2014 PNAS
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Stool Sampling

1cm

Wu 2010

• Taxa present >1% -> all present in both samples
• Low abundance taxa (0.2-0.4%) -> 35% were not detected in 2nd replicate



Outside vs Inside of Stool

Gorzelak 2015

“oxygen tension would affect the growth of facultative and 
strict anaerobic bacteria differently”



Homogenisation

qPCR

qPCR "By far the most important recommendation 
generated by this study is to homogenize the 
entire faecal sample prior to analysis." 

Gorzelak 2015



Storage: Room Temp

Gorzelak 2015

Room temp for 15 or 30 mins, before DNA extraction

Prolonged time at room temp ⟶↑ Firmicutes and ↓ Bacteroidetes



Storage: Effect of -20°C Freezing

Bahl 2012

Firmicutes/Bacteroidetes Ratio

DNA Extraction:
M: Powersoil
Q: QIAamp DNA Stool Minikit
B: QIAamp with beadbeating

Freezing -20°C ⟶↑ F/B ratio



DNA Extraction Protocol

Qiagen
DNA

Stool 
Minikit

Qiagen
DNA

Stool 
Minikit

95°C 5 mins

Bead Beater

Phenol

Wu 2010



Best Practice….



• Stool sample: Ideally homogenise entire stool.
• Collection/Storage:

– Immediate storage at -80°C
– OR Stabilise in 95% ethanol / omnigene.GUT

• DNA extraction:
– Include mock community controls

Recommendations





• Jessica Richman 
• Zac Apte

• Founded in 2012
• raised >$100M
• Valued at $600M (May 2019)



“No cost to you”

https://www.businessinsider.com.au/customer-complaints-about-ubiomes-microbiome-tests-and-billing-2019-5
https://www.cnbc.com/2019/05/02/ubiome-what-really-happened-at-health-start-up-raided-by-fbi.html

https://www.businessinsider.com.au/customer-complaints-about-ubiomes-microbiome-tests-and-billing-2019-5
https://www.cnbc.com/2019/05/02/ubiome-what-really-happened-at-health-start-up-raided-by-fbi.html


• May 2019: Stopped selling the “SmartGut” 
and “SmartJane” kits (doctor ordered).

• May 2019: Took down stock photos that were 
used in customer testimonials on website



• Zac Apte and Jessica Richman 
– “on leave”
– “misrepresented their relationship”
– Jessica lied about her age

• 2014: BI: “30 most important women under 30 in tech”
• 2015: CNN money “Upstart 30: The Futurists”
• 2018: BI: “30 healthcare leaders under 40”
• Actual age: 45 (2019)



Silicon Valley + Health = ?

boingboing.net

frontlinegenomics.com

Questionable Silicon Valley Health Startups:
- Theranos
- uBiome
- Nurx (“the uber of birth control”)



THANK YOU
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