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Computational Biology and Bioinformatics 
is all about data…

• Definition

– Bioinformatics is the computational analysis and 
storage of biological data

• Derivation

• informatique – French for ‘data processing’

• Goal

– To discover new biological insights using 
computers and biology



What is bioinformatics?

Experiment Analysis Hypothesis
Sequence 
Structure
Function 
Evolution
Pathway 
Interaction
Mutation
Expression



Why use bioinformatics?

• Find an answer quickly
– Most in silico biology is faster than in vitro

• Massive amounts of data to analyse
– Need to make use of all information
– Not possible to do analysis by hand
– Can’t organise and store information only using lab note books
– Automation is key

• However!
– All results of computer analysis should to be verified by 

biologists



Bioinformatics databases

• Public databases are the most important entity in 
bioinformatics

• Store knowledge about
– Sequence e.g. EMBL/Genbank
– HT Sequencing Experiments e.g. GEO
– Structure e.g. PDB
– Pathways e.g. KEGG, Metacore
– Diseases e.g. OMIM

• Can be searched in a variety of ways
e.g. keyword, sequence, pattern, 



Keyword



Bioinformatics Tools

• Hundreds of computer programs

• Many freely available

• Generally available on UNIX or LINUX

• Often interact with bioinformatics databases

• Many accessible via the WWW

• Some require very powerful computers to run 
on

• CCB provide a environment to do this



DNA



The Human Genome Project 
(1990-2003)

• Cost $3 billion
• Could not have been achieved without bioinformatics
• Goals

– identify all the 20,500 genes in human DNA,
– determine the sequences of the 3 billion chemical base pairs that make up human DNA
– store this information in databases
– improve tools for data analysis
– transfer related technologies to the private sector, and
– address the ethical, legal, and social issues (ELSI) that may arise from the project.

• Need to bring together and store vast amounts of information from 
• Lab equipment and experiments
• Computer Analysis
• Human Analysis
• Make visible to the world’s scientists

• Now (2019) can sequence a genome for less than $1000



Sanger Sequencing



Next Generation Sequencing

http://werner.yellowcouch.org/Papers/pippres0802/index.html



Central Dogma of Molecular Biology

(http://www.ornl.gov/sci/techresources/Human_Genome/home.shtml)



UCSC Genome Browser (http://genome.ucsc.edu/) 

http://genome.ucsc.edu/



• What do all the genes do?

– How do they interact?

– How to cells specialise?

• Junk DNA – is not junk after all…

– 2% Genome contains genes

– Between 80% (ENCODE) and 25% (Graur et al, 
2017) genome seems to have function, usually 
regulation

Post Genome (19 years on)



Expression Analysis (RNA-Seq)

Hass and Zody, Advancing RNA-Seq analysis, Nature Biotechnology 28:421-423



Tools for RNA-Seq

• STAR (Spliced Transcripts Alignment to a Reference). Fast, but uses 
a lot of memory. 
– Alexander Dobin, Carrie A. Davis, Felix Schlesinger, Jorg Drenkow, Chris Zaleski, Sonali Jha, Philippe 

Batut, Mark Chaisson, Thomas R. Gingeras, STAR: ultrafast universal RNA-seq aligner, Bioinformatics, 
Volume 29, Issue 1, January 2013, Pages 15–21

• Normalisation and quantification of read counts use:
– edgeR

• edgeR: a Bioconductor package for differential expression analysis of digital gene expression 
data.” Bioinformatics, 26(1), 139-140)or DESeq2

– DESeq2
• Love MI, Huber W, Anders S (2014). “Moderated estimation of fold change and dispersion for 

RNA-seq data with DESeq2.” Genome Biology, 15, 550

• Salmon Very fast and does quantification. Uses quasi-mapping but 
no alignments to visualise. 
– Patro, R., Duggal, G., Love, M. I., Irizarry, R. A., & Kingsford, C. (2017). Salmon provides fast and bias-

aware quantification of transcript expression. Nature Methods.



Functional Annotation

• Metacore
• Ingenuity



Reactome

https://reactome.org/

https://reactome.org/


Metascape

http://metascape.org/

http://metascape.org/


Gene Expression Omnibus (GEO)



ENCODE (Encyclopedia of DNA 
Elements)

http://genome.ucsc.edu/ENCODE/



What Controls Expression?

ChIP-Seq



Tools for ChIP-Seq

1. Align using Bowtie
2. Peak call using Model-based Analysis of ChIP-

seq (MACS)
3. Look for motif enrichment using HOMER
4. Functional annotation using GREAT

1. Ultrafast and memory-efficient alignment of short DNA sequences to the human genome. Genome Biol 10:R25. 

2. Zhang, Y., Liu, T., Meyer, C.A. et al. Model-based Analysis of ChIP-Seq (MACS). Genome Biol 9, R137 (2008) 

doi:10.1186/gb-2008-9-9-r137

3. Heinz S, Benner C, Spann N, Bertolino E et al. Simple Combinations of Lineage-Determining Transcription Factors 

Prime cis-Regulatory Elements Required for Macrophage and B Cell Identities. Mol Cell 2010 May 28;38(4):576-589.

4. Cory Y McLean, Dave Bristor, Michael Hiller, Shoa L Clarke, Bruce T Schaar, Craig B Lowe, Aaron M Wenger, and Gill 

Bejerano. "GREAT improves functional interpretation of cis-regulatory regions". Nat. Biotechnol. 28(5):495-501, 2010



Multi-Image Genome Viewer

McGowan SJ, Hughes JR, Han ZP, Taylor S MIG: Multi-Image Genome viewer.
Bioinformatics (2013) 29: 2477-8

http://www.ncbi.nlm.nih.gov/pubmed/23842811


DNA Mutations

Insertion

Single base mutation

FAULTY GENE

The Single Nucleotide Polymorphism database 
(dbSNP) is a public-domain archive for a broad 
collection of simple genetic polymorphisms.

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



Tools for variant calling 

A unified haplotype-based method for accurate and comprehensive variant calling
Daniel P Cooke, David C Wedge, Gerton Lunter
bioRxiv 456103; doi: https://doi.org/10.1101/456103

SAMTOOLS

The Genome Analysis Toolkit: a MapReduce framework for analyzing next-generation 
DNA sequencing data McKenna A, Hanna M, Banks E, Sivachenko A, Cibulskis K, 
Kernytsky A, Garimella K, Altshuler D, Gabriel S, Daly M, DePristo MA, 2010 GENOME 
RESEARCH 20:1297-303

A statistical framework for SNP calling, mutation discovery, association mapping and 
population genetical parameter estimation from sequencing data. Li H Bioinformatics. 
2011 Nov 1;27(21):2987-93. 



Craniosynostosis

Andrew Wilkie, WIMM



Craniosynostosis



• 100,000 patients with rare inherited disease, 
common cancers and pathogens from the NHS 
in England 

• Whole Genome Sequencing

• http://www.genomicsengland.co.uk/ 





Source: L. D. Stein Genome Biol. 11, 207 (2010)



Nanopore sequencing

200KB Read Lengths, genome assembly, direct RNA sequencing… 



Single Cell Sequencing

https://learn.gencore.bio.nyu.edu/single-cell-rnaseq/

https://learn.gencore.bio.nyu.edu/single-cell-rnaseq/


Genome Modelling



OMERO Image Database



Machine Learning

https://my.vanderbilt.edu/irishlab/

Also being applied increasing to all data types e.g. health records, DNA sequences



Visualisation
HiGlass

Circos

ZegamiCSynth

BabelVR

FASTQC



Coding in R

• Very good for statistics

• Libraries 

– CRAN (12000 packages)

– Bioconductor (1823 packages)

• Lots of methods for communicating results

• Rstudio is nice graphical environment

• `



Coding in Python

• Most popular language in bioinformatics (and 
probably data science)

• Used in industry and academic settings

• Very readable

• Great ‘glue’ for automation

• Lots of libraries for using matrices, machine 
learning, plotting etc

• https://biopython.org/

https://biopython.org/


Python vs R

See review https://www.guru99.com/r-vs-python.html

Learn both!



CCB Training 



More information

• https://www.imm.ox.ac.uk/research/units-
and-centres/mrc-wimm-centre-for-
computational-biology

• Google “WIMM CCB”

• Tech Helpdesk : genmail@molbiol.ox.ac.uk

• General Questions : ccb@imm.ox.ac.uk

https://www.imm.ox.ac.uk/research/units-and-centres/mrc-wimm-centre-for-computational-biology
mailto:genmail@molbiol.ox.ac.uk
mailto:ccb@imm.ox.ac.uk

