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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
– Structure e.g. PDB
– Pathways e.g. KEGG, Metacore
– Interactions e.g. IntAct
– Diseases e.g. OMIM
– And many others …

• 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

• Computational Biology Research Group provide a 
environment to do this



DNA Movie



DNA



The Human Genome Project 
(1990-2003)

• 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



Central Dogma of Molecular Biology

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



Genome Bioinformatics

Assemble

Analyse

Annotate

Display



Assembly
• Human genome is theoretically several long 

strings totalling 3 billion base pairs  
– Assembled via hundreds of thousands of overlapping 

units or contigs to make a single consensus sequence

– Sequences collated using information stored on ABI 
sequencer

– Sequence assembly bioinformatics tools used to
• Automatically assemble fragments

• Hand finish using computer tools 

– Required constant reassembly and rebuilds as new 
data comes in



Analyse

• Take the assembled string of nucleotides

AGTACGTAGTAGCTGCTGCTACGTGCGCTAGCTAGTACG
TCACGACGTAGATGCTAGCTGACTCGATGCAGACTGCTA
GCTGCCAGCGACTCAGCTACGACTAGCATCGGCGCTAG
CATCGGCAGC…



Model Genes

– Map existing RNA sequences to the genome
– Train algorithm to look for features e.g.

• Splice sites
• Start / Stop codons
• Codon frequency
• Promoters

5’ 3’



Find Translated Protein(s)

• Translate DNA to theoretical protein

5’ 3’

>Unknown Sequence
VLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHFDLSHGSAQVKG
HGKKVADALTNAVAHVDDMPNALSALSDLHAHKLRVDPVNFKLLSHCLLVTLAAHLPA
EFTPAVHASLDKFLASVSTVLTSKYR 



Find Function

• Major challenge in bioinformatics
– Search the protein sequence vs database of proteins 

of known function*
– Protein domains are evolutionarily conserved 
– Proteins that are similar in sequence across several 

species are likely to have a similar function
– BLAST :

• A query sequence
• Sequence database (protein or nucleotide)
• Inspection of significant hits

– There are many other methods used to imply 
function!



Example
Human, Unknown

Putative function = Human, Myoglobin

Query

UniprotSequence 
database

Chimp, Myoglobin

Pig, Myoglobin

Mouse, Myoglobin

Search Results



Annotate

• Results of raw gene analysis are FEATURES

• Integration of features, biological rules and 
knowledge make ANNOTATIONS

• Write these back to the database

• Automated what would take hundreds of scientists 
to do



Ensembl

• Ensembl Genome Browser (www.ensembl.org)



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…

– At least 80% genome seems to have function, 
usually regulation

Post Genome (10 years on)



Gene Expression

Proteins



Microarrays



Expression Analysis

Treatment?

Golub et al. (1999)



Functional Annotation Databases

• Metacore
• Ingenuity
• DAVID



Gene Expression Omnibus (GEO)



ENCODE (Encyclopedia of DNA 
Elements)

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



What Controls Expression?

ChIP-Seq



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/)



Craniosynostosis

Andrew Wilkie, WIMM



Craniosynostosis



Myelodysplastic Syndrome (MDS)
• Damaged bone marrow
• May lead to leukaemia
• Database provides diagnostic and 

follow-up bone marrow samples and 
complete follow-up clinical data 
from patients suspected to have a 
myeloid disorder to clinician 
scientists

• CBRG built original
• Infodev built production version

Clinical databases : MDSBio

Paresh Vyas, WIMM



• 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)



Sanger Sequencing



Next Generation Sequencing

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



Nanopore sequencing



Single Cell Sequencing

http://www.nature.com/news/single-cell-sequencing-jpg-7.7203?article=1.11710



Data volumes

• Human genome
– 3GB

• Human Brain
– 10TB

• CBRG Servers
– 150TB

• Large Hadron Collider
– 200 PB

• Amount of data stored to date by man 
– 295 Exabytes
– 30 x number of insects on earth

• All snowflakes that fall on earth per year 
– 1 Yottabyte

Source: http://c179631.r31.cf0.rackcdn.com/info_byte-final.png



High Throughput Imaging

• Golden age of microscopy

– Breaking the light wavelength barrier

– Fantastic optical CCD cameras

– Automated image acquistion

– Large disk storage systems

• Masses of images to analyse...

• More BIG DATA...



High Throughput Imaging

• Cells

• Nuclei

• DNA



Analysis Bottleneck

• Generate thousands of analysed images

– how to check analysis is correct for vast numbers 
of images?

• Viewing images in context of metadata

• Sorting

• Filtering

• Exporting the subsets for further analysis



ATRX

• X-linked alpha thalassaemia mental 
retardation (ATR-X) syndrome

• Severe learning difficulties

• Characteristic facial appearance

• Recently associated with a subset of cancers 
and ALT pathway



ALT – Alternative Lengthening of 
Telomeres

Colocalisation provides diagnostic marker to assess ALT activity



Colocalisation

• Spatial overlap between two or more foci in 
the cell

– Label proteins with fluorescent dyes

– Measure overlapping pixels

– Correlation analysis



Biological Question

• Example

– To what extent do TRF2 and PML colocalise?



ROI Processing
Split Channels / Threshold

Distance Based 
Colocalisation

Centre of Mass
Colocalisation

ImageJ

Segmented Nuclei

JACoP

Widefield image

TRF2 PML



mean otsu max entropy

Thresholding

Which is the most accurate?



HTML5 PivotViewer

Taylor and Noble (2014), Bioinformatics

DEMO

http://sara.molbiol.ox.ac.uk/public/staylor/


OMERO Image Database



Final Thoughts

• Integration across all forms of data will lead to 
the most promising new leads in science

• Big data = big false leads

• Powerful tools required to cross query these 
resources

• Access to raw data is key
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