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The emergence of 
Genome Science 

Genomics Landmarks  

2001 and 2004  
The publication of the draft and complete human sequence 
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Mensaje codificado ...CACTCTACTG... 
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The human genome: The Holy Grail 
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It's a giant resource that will 
change mankind, like the 
printing press 

 James Watson 

This period is a very historic 
time, a new starting point 

 

 Craig Venter 
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 Big teams -> Multidisciplinary and 

international teams 

 

 New high-throughput technologies for 

large-scale data production (Omics) 

 

 “Discovery science” or “Data driven” 

approach vs. “hypothesis driven” 

approach 

 

 Computational intensity and expertise 

 

 High standard for data quality  

 

 Rapid data release 

 

 Attention to societal implications 

 

Barcelona Computing Center  (BCS) 

Distinguishing characteristics  
of Genomics 

C:/Documents and Settings/abarbadilla/Escritorio/Genética de Poblaciones CURSO/Genómica y Proteomica  Biotecnologia/genomahumano/Landeretal.pdf
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René Magritte 
 

Clarividencia 

DNA 
 

Fenotipo 
 

¿Cómo se decodifica el 
mensaje genético para 

formar el fenotipo? 
 

The Fundamental Question 
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The HGP has 

changed the 

way we 

conceptualize 

molecular 

biology 

•The analysis of biological systems in 

terms of the storage, transmission and 

transformation of the information coded in 

the genomes 

The HGP has had a profound consequence in the 

conceptualization of biological systems 
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From the new 

paradigma, 

biological 

systems are 

complex 

networks of 

myriad of 

pathways, many 

of them 

interconnected 
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Metabolic pathway 

Biosynthesis 

pathways,  
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Signal transduction pathways 

 

  

Signal 

transduction 

pathways, 
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Regulatory 

networks 

  

  

 

 

 

Regulatory 

networks.  



The challenges of big data in Genomics 

Kohlsted et al. 2010 
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Biological System 

 (Organism) 

Construction blocks 

(Genes/Molecules) 

Synthetic and 

interdisciplinary 

approach  
(Bioinformaticians, Biologists, 

Statisticians, Mathematicians, 

Biochemists, Physicist, Medical 

Doctors,…) 

Reductionist 

approach 

 (Experiments) 

Era of the 

organism 

reconstruction:  

synthetic 

approach, 

interdisciplinary 

and big research 

teams to explain 

the emergent 

properties of 

biological 

systems 

20th century biology  

21st century biology  

The HGP has had a profound consequence in the conceptualization 

of biological systems 
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Why sequencing a genome?  

 
 Knowledge of the number, structure of genes and regulatory (functional) 

regions 
 Basic Principles on the organization of the organism (functional classes, ...) 
 Learn basic functions of genes conserved in different species (molecular 

biology lexicon) 
 Chromosomal organization 
 Genome evolution (conservation of gene order, sequence evolution) 
 Genome variation (Population genomics) 
 Association studies 
 Expression analysis 
 Integrative genomics (System biology) 
 Applied genomics (Personalized medicine, Pharmacogenomics, Nutrigenomics, 

Agrigenomics, Conservation biology, Bioremediation,…) 
 New areas of enquiry (Metagenomics, gene regulation, life evolution, human 

diaspora, medical enquiry, ethics, law,…) 
 

http://www.google.es/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=3rZ7j9ofdLIKlM&tbnid=AWOocFMan_Jk-M:&ved=0CAUQjRw&url=http://dragonchasers.com/2009/01/10/new-digs-eq2/&ei=zeNoUp3RNaSL0AXD9IGwCg&bvm=bv.55123115,d.ZG4&psig=AFQjCNHO1taMBqGMeREguHxiWGdsq49vDA&ust=1382692143900670
http://www.google.es/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=AdiipNWqAtx1CM&tbnid=BmRPf-l1ftLfvM:&ved=0CAUQjRw&url=http://www.theguardian.com/environment/2012/jan/16/climate-change-forests&ei=hOBoUqu8JuOU0AXigYHgDA&bvm=bv.55123115,d.ZG4&psig=AFQjCNF0o6OsaiJsyyAvsJz3dwaC6L0Ctg&ust=1382691313544992
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How to map millions or billions of 

short read fragments onto a 
genome? 
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The assembly puzzle 
Complex pattern (prokaryote genomes)  



The challenges of big data in Genomics 

The assembly puzzle 
Simple pattern (genomes with high 

amount of repetitive sequence)  
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Redundancy = Fold coverage 

N = number of reads 
L = mean read length 
G = genome size 
10 x is considered high quality 

Base quality  => phred score (Q) 

P = Probability of calling a wrong base 
Q = 20 draft sequence (P = 0.01)  
Q = 40 finished sequence (P = 0.0001) 

Genome sequence metrics 
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Proteome 

Translation 

Genome 
sequence 

Predicted genes 

Statistical 

Description Assembly 

•DNA annotation and 
functional genomics 
 

•Expression  
 

•Proteins 
 

•Molecular Evolution  
 

•Genome variations and 
genotype-phenotype 
association studies 
 

•System Biology 
 

Steps of  
genome analysis 
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The technological explosion 
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Sequencing techologies  

 Sanger (the Gold Standard) (http://www.wiley-
vch.de/books/sample/3527320903_c01.pdf) Capillary 
electroforesis. Reads (trace files) of 500-700 bases.  
 
 
 
 Next Generation Technologies (starting in 2005):  

 
Massively parallel sequencing 
($1000 genome’ program NHGRI) 

 
 Dramatic increase of sequence output 

 Significant decrease in the length of reads 
 Decrease in the accuracy of calling bases -> Very different 

error profiles depending on the technological platform 

 
 
Analytical difficulties (profound changes in data analysis 
pipelines)        Revitalization of bioinformatics 

http://www.wiley-vch.de/books/sample/3527320903_c01.pdf
http://www.wiley-vch.de/books/sample/3527320903_c01.pdf
http://www.wiley-vch.de/books/sample/3527320903_c01.pdf
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http://www.ebi.ac.uk/ 

20 petabytes  ~ 6 millones HG 

http://www.ncbi.nlm.nih.gov/gquery/gquery.fcgi
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The technological explosion 

Cost: 1 million fold lower!!! 

Today  
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Genome Sequencing as a “Commodity” 
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   Archaeal: 234          Bacterial: 6851          Eukaryal: 311 

Complete Genome Projects: 7396 

   Finished: 2649       Permanent Draft: 4747  

Completed and ongoing genome projects  

http://www.genomesonline.org/cgi-bin/GOLD/index.cgi
http://www.genomesonline.org/cgi-bin/GOLD/index.cgi?page_requested=Complete+Genome+Projects
http://www.genomesonline.org/cgi-bin/GOLD/index.cgi?page_requested=Complete+Genome+Projects
http://www.genomesonline.org/cgi-bin/GOLD/index.cgi?page_requested=Complete+Genome+Projects
http://www.genomesonline.org/cgi-bin/GOLD/index.cgi?page_requested=Complete+Genome+Projects
http://www.genomesonline.org/cgi-bin/GOLD/index.cgi?page_requested=Complete+Genome+Projects&subset_requested=Complete+And+Published
http://www.genomesonline.org/cgi-bin/GOLD/index.cgi?page_requested=Complete+Genome+Projects&subset_requested=Permanent+Draft
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Genomas de especies 
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Association Studies  

Variación fenotípica individual  

(incluye la predisposición a enfermedades) 

Fenotipo = Genotipo + Ambiente 
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The empirical 

space of human 

genetic variation:  

 

Data desideratum 
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Human genetic & phenotypic diversity database 

SNP1 SNP2 SNP3 

Secuence 

individual 1 

Secuence  

individual 2 

... 

... 

A/A 

A/C 

G/C 

C/C 

G/T 

T/T 

... 

Disease 

1 

Healthy 

Phenotype 

Estimation phenotypic effect 

Association studies: Phenotpyic effect of SNPs 

Genotype 

... 

Trait i 

x2 

x1 

Cervical  

Cancer 
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BioBanks: Studies of cohorts at a great scale 

•deCODE (Islandia) 
•Estonia 
•Germany 
•Canada 
•Japan 
•China 

USA 
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GWA Big Data 
problems 

• Data bias 
 

• False positives 
 

• Data structure 
 

• Security issues 



The challenges of big data in Genomics 

52 



The challenges of big data in Genomics 

53 Antonio Barbadilla Lesson I. Genome sequencing projects 

The triumphal march of genomics:  
from the human genome to the 1000 human genomes  

ED Green et al. Nature 470, 204-213 (2011) doi:10.1038/nature09764 
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ED Green et al. Nature 470, 204-213 (2011) doi:10.1038/nature09764 

Genomic achievements since the Human Genome Project 
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• Data analysis: Keep pace with the volume of genomic data 
 

• Data integration: Keep pace with the complexity of genomic 
data. 
 

• Visualization: New visualization tools will need to 
accommodate the multidimensional data from studies of 
molecular phenotypes in different cells and tissues, 
physiological states and developmental time.  
 

• Computational tools and infrastructure: 
• Robust, well-engineered software that meets the 

distinct needs of genomic and non-genomic scientists.  
• Adequate computational infrastructure: sufficient 

storage and processing capacity to accommodate and 
analyse large, complex data sets deposited in stable 
and accessible repositories.  

 
• Training: . A new generation of investigators proficient in two 

or more of fields of biology, informatics, computer science, 
mathematics, statistics and/or engineering must be trained 
and supported. 

The major bottleneck in genome sequencing is 
computational challenges around data 

analysis, display and integration 
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• Data storage (local vs cloud) 
 

• Data computing 
 

• Data delivery 
 

• Security issues 

1000 genomes  
Big Data 

problems 
http://www.nature.com/nature/journal/v467/n7319/pdf/nature09534.pdf 

1000 genome project: The 1000 Genomes Project Consortium. 2012. An 
integrated map of genetic variation from 1,092 human genomes. Nature 491: 
56-65 

ftp://ftp.1000genomes.ebi.ac.uk/vol1/ftp/phase1/analysis_results/paper/1000genomes_phase1_nature11632.pdf
ftp://ftp.1000genomes.ebi.ac.uk/vol1/ftp/phase1/analysis_results/paper/1000genomes_phase1_nature11632.pdf
ftp://ftp.1000genomes.ebi.ac.uk/vol1/ftp/phase1/analysis_results/paper/1000genomes_phase1_nature11632.pdf
ftp://ftp.1000genomes.ebi.ac.uk/vol1/ftp/phase1/analysis_results/paper/1000genomes_phase1_nature11632.pdf


The challenges of big data in Genomics 

58 



The challenges of big data in Genomics 

¿Qué gran panorámica 

emergerá de la montaña de 

datos biológicos 
? 

a. La complejidad no es reducible 

b. Nuevos principios generales de organización de lo 

biológico  
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http://www.genome.gov/Pages/About/Planning/2011NHGRIStrategicPlan.pdf 

NHGRI Plan: Charting a course for genomic medicine from base pairs to bedside  

NHGRI Director 
Eric Green 

http://www.genome.gov/Pages/About/Planning/2011NHGRIStrategicPlan.pdf
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E D. Green et al. Nature 470, 204-213 (2011) doi:10.1038/nature09764          
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This is the greatest 

intellectual moment 

in history  
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Readings & Videos 

• Pespective: Charting a course for genomic medicine from base pairs to bedside. 
2011. Eric D. Green, Mark S. Guyer & National Human Genome Research Institute. 
Nature 470, 204–213 (10 February 2011).  
 

• Review: Initial impact of the sequencing of the human genome. Eric S. Lander. 
Nature 470, 187-197 (10 February 2011)  
 

• Report economic study: Economic Impact of the Human Genome Project. 2011. 
May 2011. Battelle technology partnership practice.  
 

• The $1,000 genome, the $100,000 analysis?. 2010. Elaine R Mardis. Genome 
Medicine 2010, 2:84  

Readings 

• Nobel Week Dialogue 2012. The Genetic Revolution and its Impact on Society 
 

• The Genomic Landscape circa 2012 Eric Green, NHGRI 

Videos 

http://www.genome.gov/Pages/About/Planning/2011NHGRIStrategicPlan.pdf
http://www.nature.com/nature/journal/v470/n7333/full/nature09792.html
http://www.battelle.org/docs/default-document-library/economic_impact_of_the_human_genome_project.pdf?sfvrsn=2
http://genomemedicine.com/content/2/11/84
http://genomemedicine.com/content/2/11/84
http://www.nobelweekdialogue.org/
http://www.nobelweekdialogue.org/
http://www.youtube.com/watch?v=GLwCs370IGI
http://www.youtube.com/watch?v=GLwCs370IGI
http://www.youtube.com/watch?v=GLwCs370IGI
http://www.youtube.com/watch?v=GLwCs370IGI
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Datos Conocimiento  
Herramientas 

bioinformáticas 


