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The Microbiome
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The Microbiome
The Microbiome



Things we would like to understand about the microbiome

1. Who is there
2. What they are doing

○ To each other
○ To their environment

3. How they will respond
○ To each other
○ To their environment
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The way forward (is like any other good science)

● Frame appropriate questions
● Understand how your data relate to the underlying question

○ Your data are often a proxy for what you really want to know
● Understand the limitations of what your data can tell you
● Choose appropriate methods and understand their limitations
● Assess the stability and robustness of your results, where possible
● (Try to) Avoid breathless overinterpretation of results
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Why do we care about the microbiome?

● You tell me!
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There are lots of data out there…

…sort of.
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10Nayfach et al. (2021) Nat Biotechnol

Distribution of metagenome-assembled genomes



11Abdill et al. (2022) PLoS Biol
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Gene Ontology: 43,303 terms
(2022-11-03)

BUT

Escherichia coli K-12 MG1655

Dec 1, 2022:
4298 annotated proteins
687 “putative”
278 “domain-containing”
+ high-level “XXX family”

Blattner et al. (1997) Science

Protein function

Critical Assessment of Functional Annotation (CAFA): Zhou et al. (2019) Genome Biol
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Blackwell et al. (2021) PLoS Biol

Reference genomes

639,981 high-quality 
sequenced genomes!

BUT

Harikane et al. (2022) ApJ
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Metadata

Kasmanas et al. (2021) Nucleic Acids Res

BUT

69,822 human-associated metagenomes

https://genomicsstandardsconsortium.github.io/mixs/Mimag/

https://genomicsstandardsconsortium.github.io/mixs/Mimag/


Prokaryotic taxonomy has an…interesting history

“Proteus, a Greek god of the sea, capable of assuming many different shapes; […] bakterion, a small rod; 
Proteobacteria protean group of bacteria of diverse properties despite a common ancestry”
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“Bacillus difficile” (1935)

“Peptoclostridium difficile” (2013)

Prévot AR. Études de systématique bactérienne. IV. Critique de la 
conception actuelle du genre Clostridium. Annales de l'Institut Pasteur 
(Paris) 1938; 61:72-91. 

“Clostridium difficile” (1938)

“Clostridioides difficile” (2016)
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“…a new code of nomenclature, the Code of Nomenclature of Prokaryotes Described from 
Sequence Data (SeqCode), has been developed over the last two years to allow naming 
of Archaea and Bacteria using DNA sequences as the nomenclatural types.”



The Plan
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Learning Outcomes – Day 1 (Lecture)

o You will be able to:
o Part 1

o Understand what the microbiome is
o Despair of our ability to characterize the microbiome

o Part 2
o Understand the main strengths and weaknesses of marker gene-based 

approaches
o Read and interpret the contents of sequence files
o Describe the process of sequence clustering

o Part 3
o Interpret the results of analyses including:

o Taxonomic summaries
o Diversity analysis
o Differential abundance
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Learning Outcomes – Day 1 (Lab)

• By the end of the tutorial, you will be able to:
○ Conduct and end-to-end microbiome analysis using QIIME2
○ Know the main tools available to conduct statistical and diversity analysis
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Foundations of QIIME2

● Artifacts (qza): intermediate data, typically produced by one action and fed into another
● Visualizations (qzv): machine-readable visualizations (quick and dirty: https://view.qiime2.org/)
● Plugins: a package that provides one or more steps in a pipeline (e.g., demultiplexing)
● Data provenance: Information about the steps that led to the present set of results

● NB: QIIME2 images are often lifted from the tutorial page: 
https://docs.qiime2.org/2022.8/tutorials/overview/
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Alternatives exist!
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Prodan et al. (2020) PLoS ONE

“DADA2 offered the best sensitivity, at the expense of decreased specificity compared 
to USEARCH-UNOISE3 and Qiime2-Deblur. USEARCH-UNOISE3 showed the best 
balance between resolution and specificity. OTU-level USEARCH-UPARSE and 
MOTHUR performed well, but with lower specificity than ASV-level pipelines. QIIME-
uclust produced large number of spurious OTUs as well as inflated alpha-diversity 
measures and should be avoided in future studies.”



How we assess the 
microbiome
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28Janson and Baker (2016) Nat Microbiol
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DoE Knowledgebase 
(KBase)

Arkin et al. (2018) Nat Biotechnol
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End of 
Part I


