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What are they doing?
How are they doing it?

Metagenomics, Metatranscriptomics …. all omics

THREE MAIN QUESTIONS FOR MICROBIOME RESEARCH
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Randomly break up the DNA, 
sequence all of the fragments to 
study potential gene function and 
assemble genomes/partial genomes 
in addition to taxonomy

SHOTGUN SEQUENCING (METAGENOMICS)



Metagenomics is the study of microbial communities in their original living places. Metagenome 
sequencing refers to sequencing the entire genomes of all microbes present in a sample in order to 
explore taxonomic, functional, and evolutionary aspects

Metatranscriptomics informs us of the genes that are expressed by the community as a whole. 
With the use of functional annotations of expressed genes, it is possible to infer the functional profile of a 
community under specific conditions, which are usually dependent on the status of the host. 

Metabolomics is the comprehensive analysis by which all metabolites of a sample (small molecules 
released by the organism into the immediate environment) are identified and quantified.

Metaproteomics is the large-scale identification and quantification of proteins from microbial 
communities and thus provides direct insight into the phenotypes of microorganisms on the molecular 
level.
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DEFINITIONS



PITFALLS AND TROUBLESHOOTING

What can affect results of your communities?

Sampling method
Experimental design
Sequencing strategy

Workflows
Analysis

Tip: pilot experiments, consult bioinformatics experts



Godlewska et al., 2020

META(OMICS) 
APPROACH

RNA/



WORKFLOWS …

https://github.com/metagenome-atlas/atlas https://merenlab.org/software/anvio/

Many more!!! 

SqueezeMeta

https://github.com/jtamames/SqueezeMeta



1. Rarefaction
2. Total Sum Scaling (TSS)
3. Relative Abundance
4. Counts per Million (CPM)
5. RPKM/FPKM/TPM
6. Cumulative Sum Scaling (CSS)
7. DESeq2 / EdgeR Normalization
8. Variance Stabilizing Transformation (VST)
9. Log and CLR Transformations

Types of normalization methods



CPM, RPKM, FPKM & TPM

• CPM: Counts per million, adjusts for sequencing depth.

• RPKM/FPKM: Normalizes gene length and sequencing depth.

• TPM: Similar to RPKM but corrects for transcript length biases.



Cantalapiedra et al., 2021

TAXONOMIC AND FUNCTIONAL ANNOTATION

Medema group

http://www.cazy.org/

General

Specialized 



Liu	et	al.,	2020

α AND β DIVERSITY IN META(OMICS)



CAN WE RECONSTRUCT GENOMES FROM METAGENOMES?

Binning. in metagenomics, binning is the process of 
grouping reads or contigs and assigning them to 
individual genome. 

Supervised approach 
• relies on known reference genomes
• uses homology or sequence composition similarity for 
binning
Unsupervised approach 
• does not need a reference genome 
• relies on sequence composition and/or species 
abundance for binning

https://academic.oup.com/bib/article/13/6/669/193900?login=false



CAN WE RECONSTRUCT GENOMES FROM METAGENOMES?

Binning. in metagenomics, binning is the process of 
grouping reads or contigs and assigning them to 
individual genome. 

• Mapping statistics
ü Read coverage

• Composition
ü Kmer frequency (tetranucleotides)
ü %GC content
ü Codon usage

• Other
ü Taxonomic assignment



What is K-mer frequency?
• A K-mer is a sequence of length k in a genome.

• Example: 4-mers (tetranucleotides) → AAAA, AAAC, 
AAGT, etc.

• The frequency of K-mers provides a genomic signature 
useful for classification.

• Taxonomic classification, genome binning, and HGT 
detection

https://www.sciencedirect.com/science/article/pii/S2001037024001703



https://www.sciencedirect.com/science/article/pii/S2001037024001703



Codon usage in bacteria

- Codon usage refers to the preference of certain codons over 
others for the same amino acid. 

- It varies among bacterial species due to factors like tRNA 
availability, GC content, gene expression levels, and 
evolutionary adaptations.

- Example: Leucine has six codons (UUA, UUG, CUU, CUC, 
CUA, CUG).

- Different bacteria prefer specific codons.



Examples of codon usage in bacteria
- E. coli: moderate GC content codons (e.g., CGU for 

arginine).

- Bacillus subtilis: Low GC content preference (e.g., AAA 
for lysine).

- Pseudomonas aeruginosa: High GC content preference 
(e.g., CUG for leucine).



Kang DD et al., PeerJ (2015)

BINNING METHODS: EXAMPLE METABAT



Kang et al., 2016Yue et al., 2020



Escherichia

Akkermansia

Streptococcus

Clostridium

Qiyun Zhu et al., 2018



Modified from Strous et al., 2012

WHAT CAN GO WRONG?

Pseudomonas
Enterobacter

Pseudomonas fluorescens
Pseudomonas putida
Pseudomonas aeruginosa
Pseudomonas savastanoi
Pseudomonas syringae



Parks DH et al., Genome Res. (2015)

Uses a set of lineage-specific single-copy marker genes (SCMG) - genes that 
are present in nearly every genome within a lineage and are single copy.

QUALITY ASSESSMENT: CheckM

Completeness: 90% (9 out of 10 genes are present)
Contamination: 10% (1 gene occurs twice)



Strain heterogeneity: indicates the source of contamination (other strains of 
the same species vs more distant taxa)

QUALITY ASSESSMENT: CheckM

Completeness: 85%
Contamination: 15%

Strain heterogeneity: 100%

all contamination is likely to be from
different species

all contamination is likely to be from
other strains of the same species

Completeness: 85%
Contamination: 15%

Strain heterogeneity: 0%

Tools to remove contamination:
GUNC (https://grp-bork.embl-community.io/gunc/)
MAGpurify (https://github.com/snayfach/MAGpurify)



Modified from Strous et al., 2012

WHAT CAN GO WRONG?

Pseudomonas
Enterobacter

Pseudomonas fluorescens
Pseudomonas putida
Pseudomonas aeruginosa
Pseudomonas savastanoi
Pseudomonas syringae



https://merenlab.org/2020/01/02/visualizing-metagenomic-bins/#example-1

DAS TOOL FOR GENOME RESOLVED METAGENOMICS

DAS Tool is an automated 
method that integrates the 
results of a flexible number of 
binning algorithms to 
calculate an optimized, non-
redundant set of bins from a 
single assembly.

Sieber et al., 2018



Bowers RM et al., Nat Biotechnol. (2017)

QUALITY ASSESSMENT STANDARDS
Minimum Information about a Metagenome-Assembled Genome (MIMAG)



https://www.nature.com/articles/d42473-020-00214-9 Belknap et al., 2020

DATA INTEGRATION



SUMMARY

Amplicon data - 16S rRNA, 18S rRNA, ITS markers
> provides a snapshot of the taxonomic diversity
> Inexpensive, can process a lot of samples cheaply
> Works well with low biomass samples and samples with high amounts of host DNA
> not good for strain level identification
> can be biased based on primer choice, sample preservation methods,
and other technical artifacts

Shotgun metagenomic data
> Can also generate taxonomic profiles (using multiple target genes)
> can provide potential functional capacity of genome
> can provide strain level taxonomy information
> expensive, requires a lot of DNA compared to amplicon methods
> Aren’t great methods for samples with high host DNA content (like for example endosphere)

Which method do you think is best for your specific research 
question??


