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What do we mean by “Big Data” in Omics?
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Processing
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 Volume - billions of sequences

e Complexity — many genes, organisms, environments

e Computation — requires pipelines to extract biological meaning



Biological

Sequencing Raw reads
process

Bioinformatics Pipeline

QC — Assembly Mapping Annotation

lllumina Oxford Nanopore PacBio PacBio
Paired-End Sequencing  Long Reads (from kb to Mb Long Reads (20+ kb Long Reads (20+ kb
(+200-300 bp)

* High-throughput sequencing of DNA or RNA samples
« Different technologies yield varying read lengths and outputs

» Massive amounts of data generated from a single run



What is a gene, a genome, a transcript, or a protein?
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amino acid
DNA=relatively stable blueprint chain

RNA = what’s being used postiransiational
moamcaton
Proteins/metabolites: What’s happening now.

protein @



What Do We Mean by ‘OMICS’?

e Genomics > DNA:
Who'’s there?*

* Transcriptomics > — l
RNA: What’s active? \

i Translatlon
* Proteomics > 2 »
Proteins: What'’s Growing
functioning? (}Ammm

 Metabolomics >
Metabolites: What’s
produced or
consumed?

*amplicon/eDNA: Who is present in an environment



Reality check!!
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Omics data can feel like a black box of codes and acronyms...



Resources — there are lots!!

DIPL /*’MICS START HERE!!

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

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

EMBL-EBI | MGnify
Gni
MGnify

Submit, analyse, discover and compare microbiome data

Example searches: Tara oceans, MGYS00000410, Human Gut


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

DNA

— = Adenine

=1 = Thymine

3 = Cytosine

1 = Guanine

= Phosphate
backbone




Why OMICS?

Reveals hidden biodiversity

(uncultured/cryptic species) | Genetic Potential |
Genetic Function
. . | ]
Links molecular function to DNA RNA
ecosystem/organism processes S —— -
- Taxonomy
Interactions
Size distribution

—_— +
Enables early detection and S .
monitoring (ie: AMR, stress © O ® “1 EL

biomarkers as a case study)

(meta)Genome (meta)Transcriptome  (meta)Phenome
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Overview of genetic + phenomic approaches
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: RREAL 4 Omics turns your organisms and ecosystem into quantitative
' datasets you can plug into the models you already use.
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Why OMICS?
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Ramirez-Flandes, PNAS, 2019

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



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

What data product should | use?

Mixed microbial community /

O
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DNA
Extraction
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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

Amplicon sequencing

Multiple copies of fragments
from 1 target gene

Metagenomics sequencing
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Short sequence
fragments from "all" DNA

eDNA
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eDNA realities
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Environmental Factors == Sampling Factors === Laboratory Factors

Molecular Protocol Choices
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Informatics

Relative Sequence Abundance

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:

Overview of generic* amplicon workflow

*This is generic; specific workflows can vary on
the order of steps here and how they are done.

When working with your own data you should never follow any pipeline
blindly. There can be critical differences based on your data.

. might be done by sequencing facility .A
sequencing — : demultiplex ey, JUAI filter/trim ey
faC|||ty faStq files (split samples b;Pbarodes) st c(]remc:\.'e aydaptersfprimers) fasta files
?}'::'gggf_glg 282:1:1101:1220:1844 1 Some tools: plalaquglthrdla?ﬂZZ) Some tools: >HISEQZ500:282:1:1101:1220:1944 1
+ - + sabre « trimmamatic ATCGGATCG.
<G.<G<AGGIL... « fastx_demux (usearch/vsearch) « fastg_filter (usearch/vsearch)
« idemp « bbduk.sh (bbtools suite of tools)
« fastx barcode splitter (fastx-toolkit) « filterAndTrim (dada2)
2 Standard
tandar
generate OTUs outputs
Sample_A|Sample_B]| ...
Seq_1 0 428
n I b =
PN YN count table Seq 2 | 306 323
dereplication ====) chimera removal fasta file Seq 3 | 217 1
Usually within a workflow, e.g.: \ / taxonom N
:S:g:rzch,‘vseamh .A y\" Sumettcmlksfzl A I .
« mothur Pyt nalysis a
resolve ASVs SEPPITIPP y
dadaz @ / So;;m‘a tools: \
qlime2 A :grgaisaeneay
........ ot i « DivNet
» CORNCOB
NNNNNNN R - SpiecEasi
* DESeq2
Some tools that provide whole workflows: N
dada2 runs within R (ASVs) gy Alpha
usearch/vsearch runs at the command line (ASVs and OTUs) o HEE (jlversny
' Beta diversity Ll &9 richness
mothur runs at the command line (OTUs only currently) ) evenness
€.9. dissimilarity metrics diversity
ordination
hierarchical clustering
giime2 provides a multi-interface environment that employs
processing tools like those above, infrastructure for easily
documenting all processing performed, and interactive Taxonomic
visualizations summaries

astrobiomike.github.io



File types...

Fastq files = raw sequence reads from the machine

Fasta file: Your sequences!

FASTA file:

>NC_000866.12:151654148-152129619 Homo sapiens chromosome 6, GRCh38.pl3 Primar

Assembly

}—» HEADER

TATTGATTTTTGTGTAAACATGTGT TTGTATATATCTATAACGAGAACTCAAGTCATACTGTAATCCTAT
T G TAAACTGACTTTTTTCCTTTATCAGTATATCAAGATTATTTTCCCACATCATTTGACATTTTTTCT
ACAGTGTAATTTAATGGCTACATTGTTTTCTATCCTATGAATATATCAAACCTATTTCTTAAAACCCTA
CTCAGGGATTTTAAAAAAT AAAAACGATGTTTTAATATTATAAAGAT TCAGTGAGGTATATTCTTATACG
TACACATTTCTAAGGTTTGAGTTCTTACAAGATGC TGAACTAGCTAAGACTACTGGTTCTCATCTGTCAC
ATAGGGAAAAATTATAGAAGGAAAACATCAAGATTTGGAAAAATCTGTGAGAATTGTTTTGCATTAGTGT
GTAGGTGTGTGTGTTGGGGTGGTGGCTGCAGCTTGLGGCAGAGGCCTCAGGTGTGGCTGTGGAGTGATCA
GATAGAGTTTTTGGAGTTCGGLTTTTGCCCCAGGACACTTGGTGCCTGCCCCCAGAGCTGCAGCCCAGAA
GGCCGTTCTCAGAGGTGAAGT CCAGGCAGTGAGGAGCTGTCTGLCAGTAGGCAGT TGAAGAAAAAAAATG
AGCTAGAGGAAAAAAACAAARARACAAAATCTCCTTCTAATGCTGCCAGGL TGCCGGGAGC TGGAAATGA
AGCACTGACAGGAGTGGGTATTTCATGGTGAAGGGAATAATCAACTGGTTTTTTTGGTACCCAAGACTTT
CCACCTTCACACACACACATGAGATGC TTTGAAATAAAGATAGTCACTTGACTTAGTAAAGTTTGTTGAC
ATAAAAATATGAGAAATAC CAAAGAAT ACAAAAAGGAAAACTTCGTTAATATTATTCAGACTTAAAATTC
CAGATTGTATCAACATTAAGGGGGT TGATGAAAACATGGOAGAAAGCCAAGGGACGTGAGATCGGGCTCA
ATTCTTGACTTGCTGGGGGAAGG TATCAACACAGAACTTTTAAGAATTAGAAGGCAT TAAAAAGAAATAG
AMTCCTGAATCAAATTGAAACAGTAARATAAAATAGTCCAAAGATGTGTAAATATATCACTATCACAAT

Fasta file extensions:

Extension Meaning

fasta, fal¥l | generic FASTA

fna FASTA nucleic acid

fin FASTA nucleotide of gene regions
faa FASTA amino acid

frn FASTA non-coding RMNA

= SEQUENCE

Notes
Any generic fasta file. See below for other common FASTA file extensions
Used generically to specify nucleic acids.
Contains coding regions for a genome.
Contains amino acid sequences. A multiple protein fasta file can have the more specific extension mpfa,
Contains non-coding RNA regions for a genome, in DMA alphabet e.9. tRNA, rRNA




Ampliseq: one stop shop:

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

nextflow run nf-core/ampliseq \ . )
-profile singularity \ — How many genes regions in your SCIIT),D/E?

--input "samplesheet.tsv" \ =~ Spreadsheet indicating file path to your sequences
~-FW_primer GTGYCAGCMGCCGCGGTAA \

_RV_primer GGACTACNVGGGTWTCTAAT \ ~ Primer set that was used
--metadata "data/Metadata.tsv" \
--outdir "./results"

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

R packages:
Phyloseq
Microeco



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

Memory

QC Summary reports: important to

CPU Usage
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1. Quality filtering: QC

FASTQ file---FASTA file:

Every new entry starts with an “@” sign
at the start of a line followed by an ID

IDs are not always unique in the

Every third line starts with a “+”
and may or may not repeat the ID

file. If they are not, the order of
sequences in the file is important. /

-

+

@M01965:5:000000000-A9228:1:1101:10116:10 1:N:0:14
NCCCTGCATGATTGTCTCCATCTTAAGCTCTGAGGAGTGHIGCTCTATCCACTGACTTA

#8BCCFGFGGGGGEFFGGGDGGGGFFFGF8FGCCFFCFCOFCFGGGFO9F6CFGDGGFF9
@M01965:5:000000000-A9228:1:1101:13369:1(30 1:N:0:14
NTTTATAGTTGTATTCATTTTTTATAATCAACAAATTTTGYGATAAAGGCTTCTTAGTG

#8ACCGGGGGGGGGGGGGGGGGGFGGRFFOAER, EFFGGGYG FGGFFCFGGFEAFG

N\

Per-nucleotide quality scores are coded in
ASCII, often from ! to J (Phred score 0-41)

Every entry consists of four lines: identifier,
the nucleotide sequence, a line starting
with +, and per-nucleotide quality scores




Preprocessmg Quality scores

B (aggregated)

Quality Score

0+ Total reads: 1826754

Cycle



Quality Filtering Dereplication

Quality Filtering

=Q

Steps in ASV Generation

Dereplication ' DADA2 DADA2
SIMIMINEOTT | USEARCH # USEARCH

AA 2 OSTIITT

SIIIIIIIIE 350

ST
Trim low-quality or Collapse identical Remove errors, Identify and
ambiguous reads sequences, record | distinguish true remove chimeric
counts sequences sequences
=TT SOOI, | OO W
= EEN N » ST 350 > SR j m
=OOMMIOOT SOOI e “]7

Trim low-quality or
ambiguous reads

Collapse identical
sequences, record counts

N

Creation

Sample A | Sample SampleC

AsV1 | 42 | 15
Asv2 | 22| o
Asv3 | 22 |15
ASvV4 | 56 | 8 |

Compile final ASV
abundance table

Asv1 SIIIIIIIITIT
ASV2 SITTOTOTT
ASV3
Asv4 STITIITTT



Under the hood: ASV's and
Taxonomic Assignment
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ASV= Amplicon sequence variant (statistical inference of true biological sequences)



A few warnings...

Amplicon sequence variant

16S Sequencing Challenges

m Targeted sequence with a few bases differentiating species

* Sequencing is imperfect
* lllumina usually makes some base call errors
* Nanopore makes more
* Errors are not necessarily evenly-distributed

* We do not want errors to be confused with real
diversity/new species

A Quick Note

FOR OUR PURPOSES:

= 1sequence and one species

REAL BACTERIA

One species can have multiple, different copies of a gene

Two similar species may share an identical sequence



ASV inference

ASV_table
ASV ID E10a E10b Ei1a Ei11b E13a E13b E14b El4c Eda Edastar E4b  Edbstar E5a 2 ESb
caet09eado3f535d61720405d255b8ad | 4285 | 9764 | 6399 | 5404 | 35226 | 10672 | 56 | 3756 | 18177 | 17938
9f2865¢cTbbbce2984T3dd4ae532a335e6 B 27 | 7611 | BB&3 17 23 122 | 23631 | 22379 | 2787 131 59
0002c03993330198b02457 afef4d00es 150 | 5446 | 5811 | 843 | 567 310 283 | 6422 559 227 108 10;23' 508

d11d8a29479c2d36943b2b6836222114
flb5ad37299baSfbe1946a5639722cd
ecal0533a595089a33766b2f14a1961¢c
SbTabB8aab%9ed49afadb5T8146ef26e5aT
9fedb245dc54657185440234d48a02ed
0df0db8002857b2a9%bfe61fdE662710da
edealadilecdledc21752dacB2031b8d

5628 1376

0

1675
0

2420 147 580

22

6356

4153 | 1523

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



Taxonomy/gene calling

Comprehensive benchmarking and LR
ensemble approaches for metagenomic
classifiers

Alesa B R Mcintyre" =, Rachid Ounit*, Ebrahim Afshinnekoo™*, Robert ). Prill®, Elzabeth Henaff=,

Noah Alexander™", Samuel 5. Minot”, David Danko™, Jonathan Food=, Sofia Ahsanuddin®, Scott Tighe®,
Nur A Hasan™" Poorani Subramanian®, Kelly Moffat®, Shawn Lewy'", Stefano Lonard ®, Nick Greenfield,

Composition Classification/Clustering Taxon fita R. ColwelP"%, Gail L. Rosen'®" and Christopher E. Mason™
| Classification/Clustering — Abundance
Algorithm Proﬁle c
120 4
Sequence Database axonomic/Phylogenetic Taxon or 100 4
= Comparison Classification Phylogenetic % 801
= Binning = - 3
—_ < Abundance 2 60+
w
Profile = 4o+
20
22 0 Ay
Genome Sequence Genome or [gz)) 0 20 40 60 80 100120
Database Comparison ) # species in truth set
Contig d
— < S— Coverage 150
—— Profile ;“:‘ 100 4 /
E tool
§ BlastMegan filtered
] DiamondMegan_filtered
S GOTTCHA
o Kraken_filtered
#* MetaPhlAn

# species in truth set

A mock community is key here



What more can we do?
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Genomics & Metagenomics

Metagenomics Analysis Pipeline

Sequencing DNA
from isolates or
communities

Produces FASTQ
files > assembly
—> annotation -
gene counts

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

Metagenome

oY

O OOQ

Remove redundant reads using
Digital Normalization

Filtered Reads Contigs

—
—_—

Genomes occurring at varying level of
abundance in the sample

Genomes in
Population

B

S

(\( )(:)
\_)(:) a

S

Assemblyé P

Contig classification using
k-mers and coverage

Contig

:J] Binning




Contig assembly

Gap-filling

Draft Genome

Scaffolding

- o "~

ASSEMBLY....

‘Denovo’ versus ‘Mapping’

overlap reads

4

O, e ————3
e —_— — ———
e e =
— 3
[ o S : :— -\‘Iarge-msen b
N .
- ' ! Ireads -
scaffold 2
reads
e — =
—..i.—> > >
gap
- :
unfilled gap

— chromosomes

Sohn and Nam, Briefing in Biofinformatics, 2016

A. Short read to k-mers (k-4)

AAAGGCGTTGAGGTT

B. Eulerian de Bruijn graph
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C. Hamiltonian de Bruijn graph
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Transcriptomics (Who's Active?)

* RNA - cDNA - sequencing

* Key step: differential expression across
conditions (careful!!lhow do we normalize??:

https://bigomics.ch/blog/whv—how—normaIize—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

e High-dimensional abundance tables

e PCA, NMDS, clustering, regression, random
forests

e Ecological parallels: taxa 2 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)

* Al/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

Pipelines:
https://www.geneious.com

https://mothur.org

https://giime2.org

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



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/

DATABASES

National Library of Medicine (
National Center for Biotechnology Information Z) DDBI

https://www.ncbi.nlm.nih.gov

https://www.ddbj.nig.ac.jp/index-e.html

BOLDSYSTEMS

Boldsystems.org



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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