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Genomics

“The science for the 21st century” 
Ewan Birney(EMBL-EBI)
at GoogleTech talk



Genomics
● Genomics is the discipline which aims at 

studying genome (structure, function of DNA 
elements, variation, evolution) and genes 
(their functions, expression...). 

● Genomics is mostly based on large-scale 
analysis
○ Microarrays
○ Sequencing
○ Yeast-two-hybrids,...



Genomics in the clinical field
● In the clinical field genomics is a tool of 

choice
○ Define Biomarkers

■ Diagnosis
● E.g. Tumor class ?

■ prognosis
● Patient outcome ?

■ Develop personalized medicine
● Adapt treatment based on genetic background



Genomics an interdisciplinary science
Analysing genomes requires teams/individuals 
with various skills
● Biology
● Informatics
● Bioinformatics
● Statistics
● Mathematics, Physics
● ...



Breakthrough in DNA Sequencing
● 1977-1990, 500bp, manual analysis
● 1990-2000, 500Bp, computed assisted 

analysis (1D capillary sequencers)
● 2005-2014, 20-1000bp 
(2D sequencers “Next Generation 
Sequencing.”) 



Cost per megabase (1 million base)



Cost per human genome

● Sanger-based sequencing (average read 

length=500-600 bases): 6-fold coverage

● 454 sequencing (average read length=300-

400 bases): 10-fold coverage

● Illumina and SOLiD sequencing (average 

read length=50-100 bases): 30-fold 

coverage



Is the 1000 $ genome for real ?
● The first sequenced human 

genome cost nearly $3 billion

● What about pricing for analysis ?



Genome for everyone...



A sequencer for factory-scale 
sequencing

● Illumina
● A set of 10 sequencers. 

○ Each producing 1,8 Terabases / 3 day
● 18,000 genome / year

○ ”Factory-scale sequencing technology.
● 1000$ genome coming true….



Some computing issues...
http://glennklockwood.blogspot.nl/
● 18,000 / year ~ 340/ week
● 30-50To storage / weak 

○ Cost of long term storage ?
● 518 core hours / genome
● 175,000 core hours per week



Other Illumina sequencers

https://www.illumina.com/systems/sequencing.html



Sequencer comparison



The MinION portable sequencer...

https://nanoporetech.com/science-technology/how-it-works

“The Oxford Nanopore Technologies (ONT) MinION is a 
new sequencing technology that potentially offers read 
lengths of tens of kilobases (kb) limited only by the length of 
DNA molecules presented to it.” 
~1Gb to 2 Gb of sequence per minION



NGS: a simplified view



Single-end vs Paired
● Paired-end sequencing: sequence both ends of a fragment 

○ Facilitate alignment
○ Facilitate gene fusion detection
○ Better to reconstruct transcript model from RNA-Seq



MATE-Pair sequencing ?
● For very long insert size preparation

○ Genome finishing
○ Structural variant detection
○ Identification of complex genomic rearrangements



MATE-Pair library preparation

● Fragments are end-repaired using biotinylated 
nucleotides (1). After circularization, the two 
fragment ends (green and red) become located 
adjacent to each other

● The circularized DNA is fragmented, and 
biotinylated fragments are purified by affinity 
capture. Sequencing adapters (A1 and A2) are 
ligated to the ends of the captured fragments (3).

● The fragments are hybridized to a flow cell, in 
which they are bridge amplified. (4,5,6). 

Next-generation sequencing technologies and applications for human 
genetic history and forensics. Investigative Genetics, 2(1), 1-15. 



Illumina sequencing principle

http://www.illumina.com/company/video-hub/HMyCqWhwB8E.html



Some examples of sequenced 
organims 



Applications: analysing genome 
diversity across species

Million plant and 
animal genomes 
project



Sequencing as a strategy to improve 
quality of crops

NB: rice genome size 430Mb



Some applications of DNA sequencing: 
genetic variation analysis

● Analysis of genome diversity
○ SNPs (Single Nucleotide Polymorphisms)
○ InDel (Insertion/Deletion)
○ CNV (Copy Number Variation)

● E.g The 1000 genome Project



SNP or mutation ?
● Mutation : any change in a DNA sequence 

away from normal (this implies a normal 
allele which is prevalent in the population)

● Polymorphism : a DNA sequence variation 
that is common in the population (an 
alternative). 
○ The arbitrary cut-off point between a mutation and a 

polymorphism is generally 1 per cent (0.5 for the 
1000 genome project) 



Genetic variations in human
● 1000 genomes project
1,092 individuals from 14 populations, constructed using a combination of low-
coverage whole-genome and exome Sequencing

● 38 millions SNPs, 1.4 million indels



GWAS analysis
Bipolar disorder (BD) is a severe mood disorder 
affecting greater than 1% of the population[1]. 
Classical BD is characterized by recurrent manic 
episodes that often alternate with depression. Its 
onset is in late adolescence or early adulthood and 
results in chronic illness with moderate to severe 
impairments (...).

Genome-wide significant evidence for association 
was confirmed for CACNA1C and found for a 
novel gene ODZ4 (...).
Pathway analysis identified a pathway comprised 
of subunits of calcium channels enriched in the 
bipolar disorder association intervals.



Monogenic vs complexe disease
● In complexe diseases, the phenotype is driven by a set 

of loci whose penetrance is low (polygenic)
● Complexe diseases  are also viewed as multifactorial (i.

e also influenced by environment) 



Genetic variation ongoing project: 
BGI



http://blog.oup.com/2015/02/millions-genomes-project/



Yet another ongoing project:
Calico 

Larry Page at Google's 
headquarters



Yet another ongoing project : HLI





Analysing variations in exome

● Exome sequencing
○ Sequencing large dataset is expensive

■ Focus on exons (using beads or microarrays to 
capture genomic regions)

○ Application examples 
■ Tumor genome Sequencing
■ Monogenic disease
■ Complexe disease



Targeted 
sequencing 
(E.g Exome)

● Agilent
○ SureSelect

● Roche NimbleGen
○ SeqCap EZ library

● Illumina
○ Nextera



Exome Sequencing : Miller Syndrome



Studying tumors
● Mutations / Indel

○ Exome seq
○ Whole genome sequencing

● Genomic rearrangements analysis
○ E.g Mate-pair approach (translocation,...)

● Gene expression deregulation
○ Transcriptome analysis (RNA-Seq)
○ Regulatory region analysis (ChIP-Seq)



Exome sequencing of renal cell 
carcinoma

Cancer a clonal disease evolving in a linear fashion ?
What about tumor heterogeneity ?
Can we re-constitute the evolution of the tumor ?



Exome-Seq of Renal cell carcinoma











Structural variations analysis



Ongoing Project...



Analysing chromosome cross-talks in three 
dimensions



Some application: 3D architecture of the 
genome (yeast)



Some application: 3D architecture of the 
genome (yeast)



Some application of DNA Sequencing: 
Metagenomics



Sequencing to detect regulatory 
elements  



The ENCODE project
● The National Human Genome Research Institute 

(NHGRI) launched a public research consortium in 2003

○ ENCODE, the Encyclopedia Of DNA Elements
■ objective: carry out a project to identify all 

functional elements in the human genome 
sequence. 

■ Lots of experiments rely on ChIP-Seq and RNA-
Seq.



ChIP-Seq principle

● Use to analyze
○ Transcription factor location
○ Histone modification across 

genome



ChIP-Seq analysis (in brief…)



Epigenetic modification on histones



Application of ChIP-Seq

● Defining transcription factor location
○ Define precise motif 

■ peak sequence analysis
■ Define co-factor through motif analysis

○ Differential analysis : e.g normal vs tumor
■ lost/acquired regulatory site in tumors

○ Impact of mutation on binding sites
○ ...



Application of ChIP-Seq
● Define epigenetic landscape

○ Active / inactive regions
■ Differential expression

● Impact of mutation on transcriptional status 

○ Essential to detect proximal or distal regulatory 
regions
■ Help to define promoter regions (H3K4me3)
■ Help to define enhancer regions (e.g H3K27ac)
■ Super-enhancer (large regions with H3K27ac)

● Frequently associated with cell identity

● SNP falling in these regions are more likely to be associated 
to disease



Nucleosome-positioning, 
Ribosome profiling, ...



Transcriptome analysis



And many others...

Merci


