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Genome

What is a gene, a genome, a transcript, or a protein?

DNA=relatively stable blueprint
RNA = what’s being used
Proteins/metabolites: What’s happening now.



What Do We Mean by ‘OMICS’?

• Genomics → DNA: 
Who’s there?*

• Transcriptomics → 
RNA: What’s active?

• Proteomics → 
Proteins: What’s 
functioning?

• Metabolomics → 
Metabolites: What’s 
produced or 
consumed?

*amplicon/eDNA: Who is present in an environment



Reality check!!

Omics data can feel like a black box of codes and acronyms…



Resources – there are lots!!

https://www.diplomics.org.za/contact 

Blogs:
https://merenlab.org/posts/
https://bigomics.ch/blog/ 
 

START HERE!!

https://www.diplomics.org.za/contact
https://merenlab.org/posts/
https://bigomics.ch/blog/


DNA



Why OMICS?

Reveals hidden biodiversity 
(uncultured/cryptic species)

Links molecular function to 
ecosystem/organism processes

Enables early detection and 
monitoring (ie: AMR, stress 
biomarkers as a case study)

Omics turns your organisms and ecosystem into quantitative 
datasets you can plug into the models you already use.



Why OMICS?

Ramirez-Flandes, PNAS, 2019 

https://www.ebi.ac.uk/ena/browser/home 

https://www.ebi.ac.uk/ena/browser/home


What data product should I use?

What about eDNA??
eDNA, or environmental DNA
- Genetic material that living organisms shed into their environment 

through sources like waste, secretions, or decomposing matter.
- Allows researchers to identify the types of species present in an 

area without needing to sample the organisms directly.
- Cost-effective and non-invasive tool for biodiversity monitoring, 

invasive species detection, and wildlife surveillance

eDNA

$$

$$$$



eDNA realities

Detection limits, degredation and transport mean ‘present’ =‘local and abundant’
+ your species ID is only as good as your chosen database and primers!



The OMICS Workflow — The Big 
Picture

Sampling → Data generation → Processing → 
Annotation → Statistical analysis → 

Interpretation 

Same logic across ALL OMICS types



Amplicon/eDNA overview:



File types…
Fastq files = raw sequence reads from the machine
Fasta file: Your sequences!

FASTA file:

Fasta file extensions:



Ampliseq: one stop shop:

R packages:
Phyloseq
Microeco

nextflow run nf-core/ampliseq \
    -profile singularity \
    --input "samplesheet.tsv" \
    --FW_primer GTGYCAGCMGCCGCGGTAA \
    --RV_primer GGACTACNVGGGTWTCTAAT \
    --metadata "data/Metadata.tsv" \
    --outdir "./results"

How many genes regions in your sample?
Spreadsheet indicating file path to your sequences

Primer set that was used

https://nf-co.re/ampliseq/2.6.1/ 

Standardised, documented pipeline = less time reinventing wheels (github is a great resource here)

Produces summary reports, diversity metrics, taxonomic tables ready for R

You will need: Raw sequence files, primer info and a sample metadata sheet

https://nf-co.re/ampliseq/2.6.1/
https://nf-co.re/ampliseq/2.6.1/
https://nf-co.re/ampliseq/2.6.1/


QC Summary reports: important to 
check



1. Quality filtering: QC
FASTQ file---FASTA file: 



Preprocessing – Quality scores



How so we get our ‘picture’?
1. Quality filtering
2.  Merging paired end reads 
3. Dereplication- denoising algorithms



Under the hood: ASV’s and 

Taxonomic Assignment

ASV= Amplicon sequence variant (statistical inference of true biological sequences)



A few warnings…
Amplicon sequence variant



ASV inference

Note: Normalisation. Relative abundance/ Hellinger… have a look at your dataset ! 



Taxonomy/gene calling

A mock community is key here



What more can we do?





Genomics & Metagenomics

• Sequencing DNA 
from isolates or 
communities

• Produces FASTQ 
files → assembly 
→ annotation → 
gene counts

• Tools: FastQC, 
MEGAHIT, 
MetaSpades
MetaBAT, 
eggNOG-mapper



ASSEMBLY….
‘Denovo’ versus ‘Mapping’

Sohn and Nam, Briefing in Biofinformatics, 2016



Transcriptomics (Who’s Active?)

• RNA → cDNA → sequencing

• Key step: differential expression across 
conditions (careful!!how do we normalize??: 
https://bigomics.ch/blog/why-how-normalize-rna-seq-data/ )

• Analogy: same instrument (genome), different 
songs (transcripts) will tell a different story

https://bigomics.ch/blog/why-how-normalize-rna-seq-data/
https://bigomics.ch/blog/why-how-normalize-rna-seq-data/
https://bigomics.ch/blog/why-how-normalize-rna-seq-data/
https://bigomics.ch/blog/why-how-normalize-rna-seq-data/
https://bigomics.ch/blog/why-how-normalize-rna-seq-data/
https://bigomics.ch/blog/why-how-normalize-rna-seq-data/
https://bigomics.ch/blog/why-how-normalize-rna-seq-data/
https://bigomics.ch/blog/why-how-normalize-rna-seq-data/
https://bigomics.ch/blog/why-how-normalize-rna-seq-data/
https://bigomics.ch/blog/why-how-normalize-rna-seq-data/
https://bigomics.ch/blog/why-how-normalize-rna-seq-data/


Statistical Thinking in OMICS

• High-dimensional abundance tables

• PCA, NMDS, clustering, regression, random 
forests

• Ecological parallels: taxa ⇄ genes; community 
⇄ pathways

End product:
Omics gives you big multivariate matrices; your PCA/NMDA/regression/… skills still apply here. 



Typical Analytical Questions

• Diversity: how rich and even is the 
community?

• Function: which pathways dominate where?

• Differential features: which respond to stress?

• Linkages: environment → function → 
ecosystem process



Integrating Multiple ‘OMES’

• Multi-omics connects layers for causality

• Methods: MixOmics, MOFA, DIABLO

• View: multiblock regression, latent variables

Clark et al, Nature Communications 2023



Common Pitfalls

• Compositionality & false correlations

• Batch effects / unequal coverage

• Unknown genes

• Over-interpretation of small effects

These are design and analysis issues – not reasons to avoid omics!



Computational & Ethical Landscape

• HPC, cloud pipelines, reproducibility 
(Nextflow, Snakemake, Docker)

• FAIR + CARE data principles:

• FAIR + CARE principles help ensure data are 
re-usable and that communities benefit, not 
only high-income labs.



Future Horizons

• Portable sequencing (Nanopore/Pacbio field 
kits)

• AI/ML for annotation & pattern discovery

• Predictive eco-models linking OMICS → fluxes 
→ climate



Summary

• OMICS = quantitative molecular ecology

• Pipelines bridge raw data to ecological insight

• Integration & reproducibility are the next 
frontier



Acknowledgements & Further 
Resources

MARiS | SEEC | DIPLOMICS

Key references:

Knight et al. 2018 – Nature Biotech (Microbiome analysis)

Misra et al. 2022 – Nature Methods (Multi-omics)

Love et al. 2014 – DESeq2; Rohart et al. 2017 – mixOmics

https://www.geneious.com  

https://mothur.org  

https://qiime2.org  

https://nf-co.re/ampliseq/2.6.1/ 

Pipelines:

https://www.geneious.com/
https://mothur.org/
https://qiime2.org/
https://nf-co.re/ampliseq/2.6.1/
https://nf-co.re/ampliseq/2.6.1/
https://nf-co.re/ampliseq/2.6.1/


https://www.ddbj.nig.ac.jp/index-e.html 
https://www.ncbi.nlm.nih.gov 

Boldsystems.org 

DATABASES

https://www.ddbj.nig.ac.jp/index-e.html
https://www.ddbj.nig.ac.jp/index-e.html
https://www.ddbj.nig.ac.jp/index-e.html
https://www.ncbi.nlm.nih.gov/
https://www.boldsystems.org/
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