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Learning goals

● Statistical thinking in microbiome studies
● The concept of open and reproducible research
● Familiarity with standard tools in amplicon profiling 
● Looking at your own research problems in new ways
● Networking & collaboration!



Statistical Methods in Microbiome Research
Day 1: Taxonomic profiling and analysis

Day 2: Statistical thinking and visualization

Day 3: Population studies and latent variable models

Day 4: Longitudinal analysis

Day 5: Future perspectives

http://web.stanford.edu/class/bios221/Pune/index.html



Course format

● Active hands-on learning
● Materials available during and after the course
● Mixture of lectures, tutorials, and practice
● Interactive – ask questions & discuss!
● Team learning
● Feedback



Communication channels

● Website: 
web.stanford.edu/class/bios221/Pune/index.html

● (Silent) WhatsApp group
● Slack: https://sdacrew.slack.com

(announcements, links, conversations)
● Twitter: #pune_microbiome_2019
● Color stickers

https://sdacrew.slack.com/


Introductions



Finland 





Now let’s start!



Pioneering work in microscopy (275 / 500x) and contributions toward 
the establishment of microbiology as a scientific discipline.

Antonie van Leeuwenhoek started to investigate human microbes 
(“animalcules”) around 1670 in the Golden Age of Dutch Science and 
technology. 



Culture-based

(for culturable bugs)

Ellegren H. 2014. Genome sequencing and population genomics in 
non-model organisms. Trends in Ecology and Evolution 29(1): 51-63

https://www.sott.net/article/309408-A-childs-bacteria-filled-
handprint-reveals-the-wonder-of-the-human-microbiome

Sequencing-based 
(for all bugs; most!)

How do we measure microbiome?





Standard workflow in microbiome data science

● Raw reads: data retrieval and quality control

● Preprocessing

● Exploration

● Analysis & modeling

● Reproducible reporting



R for Data Science / 
H. Wickham
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Source: Susan Holmes | http://web.stanford.edu/class/bios221/Short-Phyloseq-Resources.html

Phyloseq
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GTDB can 
substantially 
improve
metagenomic
read 
classification 
and analyses



OTUs

Samples

Side information on 
taxonomic units

Side information on samples
Data 
organization
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Data standard: phyloseq
Standard for (16S) microbiome bioinformatics in R
(J McMurdie, S Holmes et al.)



Standard workflow in microbiome data science

● Raw reads: data retrieval and quality control

● Preprocessing

● Exploration

● Analysis & modeling

● Reproducible reporting
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Visual exploration, unsupervised analysis



Aging, microbiome diversity & tipping elements:
healthy & normal obese subjects

Low diversity 
samples



Falony et al. Science 352, 2016.

Confounding variables: stool consistency showed 
the largest effect size on microbiota variation
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Total explained variation: 16.4%

(Flemish Gut Flora Project)

Falony et al. Science 352, 2016.
31 / 54

Proposed disease marker genera associated to host covariates 
and medication - inclusion in study design is essential !  



Falony et al. Science 352, 2016.

Diet, health, lifestyle, 
medication, host variables, 
blood, bowel habits..

69 covariates (clinical &   
questionnaire) in FGFP; 
26 shared with DEEP

92% replication rate !

32 / 54

Flemish Gut Flora 
(N=1106)

Dutch LifeLines-
DEEP (N=1135) Reproducibility 

(experimental & 
computational)?



Standard workflow in microbiome data science
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Falony et al. Science 352, 2016.

Associations?
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Mechanisms



  

Community assembly: mixture of ecological processes: 
combinations of mechanistic & non-parametric models needed

- Alternative states
- Hysteresis
- Periodicity
- Metacommunities
- Niche models
- Competition
- Mutualism

- Environmental drivers

- Host interactions

- Chaos
- Neutral processes & 
Stochasticity

- etc ...





Standard workflow in microbiome data science

● Raw reads: data retrieval and quality control

● Preprocessing

● Exploration

● Analysis & modeling

● Reproducible research

R for Data Science / H. Wickham



“I have begun to think that no one ought to 
publish biometric results, without lodging a well 
arranged and well bound manuscript copy of all 
his data, in some place whereit should be 
accessible, under reasonable restrictions, to 
those who desire to verify his work.” 

Francis Galton (1901), Biometrika 1:1, pp. 7-10. 

39 / 54



40/54



41/54



42/54

Source: Wikimedia Commons / Public domain

Transparent 
reporting and 
communication were 
part of academic 
culture since the 
early days



Stability & resilienceCore & prevalence
prevalence(x)
core(x)
core_members(x)

Alpha & beta 
diversity

alpha(x)
diversity(x)
evenness(x)
dominance(x)
rarity(x)
readcount(x)

Transformations

transform(x, “compositional”)
transform(x, “clr”)
transform(x, “log10p”)
transform(x, “hellinger”)
transform(x, “identity”)

Community
- Online tutorials
- Mailing list
- Gitter chat
- Example data
- Workshops

http://microbiome.github.io

Quality control
- continous integration
- unit tests43 / 54

http://microbiome.github.io/


A survey for 16S 
Github.com/microsud/
Tools-Microbiome-Analysis
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R for Data Science / H. Wickham
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In: Leo Lahti. Advances in Intelligent Data 
Analysis XVII. Lecture Notes in Computer 
Science 11191., Springer Nature, India, 2018. 
Conference proceedings.











R for Data Science / 
H. Wickham



  

Open 
Collaboration

Open 
Methods

Open data science

51/54

Leo Lahti. In: Advances in Intelligent Data Analysis XVII. 
Lecture Notes in Computer Science 11191., Springer Nature, 2018. 



https://sdacrew.slack.com/

https://sdacrew.slack.com/


Data formats: Phyloseq

Data preprocessing: DADA2

Reproducible research: Rmarkdown

Data manipulation: Toolkit

Labs
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