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‘Omics

-ome refers to totality of something 

(https://en.wikipedia.org/wiki/List_of_omics_topics_in_biology)



Hypothesis independent investigation

• ‘Treatment’ Vs Control

• Comparative not 

quantitative (qPCR)



Omics



Proteomics: 2D gels Vs Liquid Chromatography

PMF Vs MS-MS



Metabolomics

HPLC

high pressure (performance)

liquid chromatography

GC

Gas chromatography

NMR

Nuclear Magnetic Resonance

MS

Mass spectroscopy



The ‘Omics Process



Transcriptomics process



Biosample

Experimental design is everything



Biomaterial preparation:

 Ruling out confounding factors

Sampling Time:

Circadian Influence

Operator:

Animal Handler 

Underlying Physiology:

Sex

Experimental Infrastructure:

Position in incubator

Consider: 

Sampling time 

• Circadian influence

• Dark/Light

Operator

• Animal handle

Underlying Physiology 

• Sex

• Genetic similarity 

• General stressors

Experimental setup

• Position in incubator

• Time to sample 

tissue



Biomaterial preparation:

 Sample heterogeneity

Yeast NematodeBacteria Yeast NematodeBacteria Kidney BrainLiver Kidney BrainLiver

Whole organisms                            Tissues                         Cell populations



Biomolecule Isolation,  

Quantification & Identification

Quality and quantity



RNA



Transcript Isolation:

Total RNA

Total 
RNA

ncRNAs 
(<1%)

tRNA (1%) rRNA (96%)

mRNA (1-
3%)

Tri reagent



Purity: Spectral Analysis

Integrity: Molecular Weight Profiling  
Wavelength (nm)
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Transcript Isolation:

Purity and Integrity



Transcript quantification

From counting decay to counting reads



Transcriptomics: Arrays Vs RNAseq



Comparison



Comparison



Arrays have there place



Microarrays

Seeing spots before your eyes



Transcriptomics Arrays



From macro arrays to microarrays



Probes, Substrates, and Target Labelling 

cDNAs Oligos
Probes

Filers Coated glass Coated glassCoated glass Silico wafer

Directly 

synthesized

Target (cDNA) labelling

Substrates

Radioactive 

(P32)

Fluorescence

(Cy3/Cy5)
Fluorescence

(Cy3)
Biotin

DuelSingle Single Single



Hybridisation



Scanning



Human Genome U95A Genechip Array

Hybridised Probe Cell



Spatial bias

estimate

Background Correction (Normlaisation)

After intensity

normalization

After spatial

normalization

Raw data After intensity

normalization

After intensity

normalization

After spatial

normalization

After spatial

normalization



Spot Morphology: 

Signal Vs background / Spot filtering



Image to numbers: Mean, median and 

backgrounds



RNAseq

Elegance of counting



RNAseq workflow



RNAseq



Sequencing Technology



RNAseq – data processing the concept



RNAseq – data processing the concept



Mapping

• Map to Genome ( = Gene) or Transcriptome ( = Varient)



Read Count



Calibration = Normalisation = Scaling



Normalization of Counting

Several common normalization methods exist to account 

for these differences:

FPKM, Deseq2, EdgeR

FPKM
• Length of Gene

• Number of mapped reads 

– Unique/multiple hit

– Genome Vs cDNA

– Paired mapping

FPKM

Frequency Per Kilobase Million 



What information can you acquire apart from transcript frequencies

• De novo transcript assembly

• SNPs

• SSRs

• Novel splice varients

• miRNAs (depends on library production)



RNAseq analysis: Simple, not so much

Coding SNPs CallingQuality Control
Signal Tracking Visualization Expression Level Quantification Differentially Expression Analysis

RNA-Seq 

Data

Map to 

Mitochondrial

Map to 

Genome

Map to 

Transcriptome

Select

 Gender

Illumina 

Sequencing 

Summary

Merged 

Mapping 

result

          QC report

1. # of reads

2. Percentage of reads 

passing filter

3. # of mapped Reads

4. # of uniquely mapped 

reads

5.Expression level of  ACTB

6. # of reads mapped to 

Mitochondrial. 

Wig/bedGraph

UCSC Genome 

Browser

MRF file

MRF file

Repetitive Region Library

(Male/Female)

Simulated Reads from 

transcriptome 

reference sequences

Map to 

Genome

Map to 

Transcriptome

A un-mappable 

transcript 

Region Library

Filter out Reads 

in un-mappable 

transcript 

Regions

Quantify 

Expression 

Level

Differentially 

Expression 

Analysis

Gene 

Expression

Exon 

Expression

Splice 

Junction 

Expression

DESeq

DESeq

+

Fisher

With replicates
Without 

replicates

Differentially 

Expressed 

Gene

QC Analysis Coding SNPs calling

SNPs

BAM file

Wang et. al. 2011 Bioinformatics 27:2598-2600



Differentials Analysis



Start with count file 



Statistical analysis

T-test to multi-variant – False discover



Statistical concepts

https://www.youtube.com/watch?v=K8LQSvtjcEo

StatQuest - FDR

False Discovery Rate Enrichment analysis (GSEA)

https://statquest.org/statquickie-fishers-exact-test-and-enrichment-analysis/

StatQuest - Fisher’s Exact Test

https://www.youtube.com/watch?v=K8LQSvtjcEo
https://statquest.org/statquickie-fishers-exact-test-and-enrichment-analysis/


P-Values and FDR (Adjusted P-value)



MA and Volvcano plots: binary analysis

Log MA

Log FC



Why use log?



Hierarchical clustering, PCA and Dendrograms



Example of PCA and Hierarchical clustering

PCA component 1 (22.88% variance)
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Dendograms



PCA



Functional Interpretation

Enrichment to functional networks



Quality Control



Pattern analysis

Analysis of ‘groups’ of genes identifying 

collective/coordinated changes associated with underlying 

biological process.

• Gene Set Enrichment Analysis

• Gene Ontology analysis

Uses Prior Knowledge (databases, pathways, ect)

• “Guilt by association” => if unknown gene i is similar in expression to known gene j,

maybe they are involved in the same/related pathway

• Dimensionality reduction: datasets are too big to be able to get information out without 

reorganizing the data



Functional data analysis: 

Gene annotation enrichment analysis

• Enrichment

• The occurrence of a specific gene annotation within a 

subset of genes occurs at a statistically higher frequency 

than would be expected if the parental population was 

sampled by random.

Think about selected red and blue balls randomly taken from a bag. 

The proportion of red and blue balls in any sub-set should represented 

the ratio of the original mix if sampling is random and all balls are 

identical. 

The statistical probability of any deviation from the original ratio can 

be mathematically calculated. 

The greater the deviation from the expected ratio the more probable 

that the sampling is not random i.e. The sampling technique is 

selecting or enriching.



Gene Set Enrichment Analysis



Gene Ontology



Gene ontology and 

representational analysis

http://david.abcc.ncifcrf.gov/

http://david.abcc.ncifcrf.gov/



Live demonstration – for live session

Meta Analysis of published data - Geo

Enrichment analysis – gprofiler

Semantic similarity - Revigo

Network analysis- String

- Pdf instructions accompanying presentation



Sequence Based Analysis

Transcripts vs transcription complex (promoters/enhances)



Sequence based data analysis 

• Special arrangement bias

– Genes with common regulation occur in specific areas of the 

genome i.e. In “operons” or areas under same “locus control”.

• Promoter Analysis

– Gene with common regulation share a common Transcription 

Factor Binding Site(s) (TFBS) within their promoters.



Network Analysis

• Determine evidence based relationship between 

members of a specific transcriptome…..proteomic and 

metabolomic data can also be integrated.

http://www.genmapp.org/ http://www.cytoscape.org/



Meta data and data repositories

Only as good as you experimental descriptors



Data management and MIAME

1. Transcriptomic Meta Data 

2. MIAME (Data Standards, 

(www.mged.org/Workgroups/MIAME/miame.html)

3. MGED Ontology (Vocabulary, 

www.mged.org/)

4. MAGE (standard representation,

www.mged.org/Workgroups/MAGE/mage.html)



Data repositories

• Non-specific data warehouses

– GEO 

(http://www.ncbi.nlm.nih.gov/gds/)

– Array express

(http://www.ebi.ac.uk/microarray-as/ae/)

...and many other specific sites

http://www.ebi.ac.uk/microarray-as/ae/


Analytical Pipeline

Differential Data

Analysis

Functional

Interpretation

Systems 

Level 

thinking

T-test

Anova

Time course analysis

Enrichment Analysis

(EASE)

Semantics

Or Network

Analysis

Revigo

R / GEO

David

gprofiler

STRING

Process Approach Software

Cytoscape

http://revigo.irb.hr/
https://www.ncbi.nlm.nih.gov/geo/
david.ncifcrf.gov/summary.jsp
https://biit.cs.ut.ee/gprofiler/gost
https://string-db.org/cgi/input?sessionId=bxGRlRysBv7S
http://www.cytoscape.org/


Take Home
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