
Omics or how to handle massive 
biologic data? 

 Emergence of new sciences 
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Background	
  	
  
	
  
(1)	
  Where	
  and	
  how	
  	
  
gene,c	
  informa,on	
  	
  
is	
  organized	
  

Cell	
  =	
  Unit	
  of	
  the	
  organisms	
  
	
  
DNA	
  =	
  Unit	
  of	
  the	
  geneDc	
  informaDon	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  String	
  composed	
  of	
  [ACGT]	
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TranscripDon	
  

TraducDon	
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TranscripDon	
  

TraducDon	
  



Dogma	
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A high diversity of phenotypes 

Polygenic character? 



Dogma	
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s	
  

Loci 
EYCL1, 
EYCL2, 

EYCL3 and 
OCA2  

A high diversity of phenotypes 
biometric identification 



Dogma	
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s	
  

Loci 
EYCL1, 
EYCL2, 

EYCL3 and 
OCA2  

A high diversity of phenotypes 
biometric identification 

les Mélanésiens et les noirs de l'île Salomon ?  
Another gene involved : TYRP1 

Genetic is much more 
complex 



“Omics” a new way of thinking	
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Ome = set of objects of study of such fields 

Omics = field of study in biology ending in this suffix 
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The “Ome”s  
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The “Omics” 

From Mochida and Shinozaki 2011 
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IdenDficaDon	
  of	
  candidate	
  genes	
  	
  

IdenDficaDon	
  of	
  genes	
  expressed	
  	
  

IdenDficaDon	
  of	
  proteins	
  producted	
  

IdenDficaDon	
  of	
  metabolites	
  used	
  in	
  the	
  cell	
  

The “Omics” for what? 



Genomics 

Genome is 
a store of 
biological 
information. 

Genomics is the study of whole sets of 
genes and their interactions. 
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Several fields in Genomics 
  
•  Structural genomics 

Generate new sequence assemblies and study of the sequence 
organization 

    
•  Comparative genomics 

Identification conserved/specific genomic sequences among species 
and investigate their evolutionary history 

 
•  Functional genomics 

Link the known function of genes and their presence/absence 
 and interaction 

•  Metagenomics 
Identification of species from a environmental sample (soil, water, gut…)  

 
16	
  



This technique has been used on microbial communities, 
allowing the sequencing of DNA of mixed populations, and 
eliminating the need to culture species in the lab. 
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Metagenomics 
Technological advances 
have also facilitated 
metagenomics, in which 
DNA from a group of 
species (a metagenome) 
is collected from an 
environmental sample 
and sequenced. 

Total	
  DNA	
  extracted	
  -­‐	
  non-­‐DNA	
  impuri,es	
  removed	
  



TARA,	
  a	
  metagenomic	
  project	
  to	
  understand	
  
marine	
  and	
  soil	
  ecosystems	
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hYp://oceans.taraexpediDons.org/en/a-­‐2-­‐5-­‐years-­‐marine-­‐and-­‐scienDfic-­‐expediDon.php?id_page=1	
  



Transcriptomics 

Transcriptome =  
complete set of all RNA 
molecules ("transcripts”) 
produced from a genome 
OR specific subset of 
transcripts present in a 
particular cell type or 
under specific growth 
conditions 

Transcriptomics involves large‑scale analysis of RNAs to 
follow when, where, and under what conditions genes are 

expressed. 
19 



Two High-throughput techniques 
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Expression profiling  

NGS technology (RNA-seq) DNA microarray technology 

Isolated	
  RNA	
  

cDNA	
  



Proteomics 
Proteome = complete 
set of proteins for a 
given organism OR a 
complete set of 
protein produced 
under a given set of 
conditions 
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Proteomics is : 
•  closer than gene expression studies to what’s actually 

happening in the cell 
•  the study of the structure and function of proteins 
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•  2D-electrophoresis and mass spectrometry 

•  High-throughput, but less than transcriptomics 

Proteomics 
•  Understanding gene function and its changing role in 

development and aging 

•  Identifying proteins that are biomarkers for diseases; used to 
develop diagnostic tests 

•  Finding proteins for development of drugs to treat diseases 
and genetic disorders  



Proteomic limits 

•  Advantages 
–  Detect proteins not RNA (post transcriptional 

regulation) 

•  Limitations 
–  Only the most highly expressed proteins are 

detected 
–  Overlapping spots may be difficult to resolve 
–  Not likely to be useful in metagenomics 

 

 

     Proteome varies as it reflects genes that are 
actively expressed at any given time 



Transcriptomics vs. Proteomics 

•  Transcriptomics is robust, relatively cost-effective 
and user-friendly 

•  Proteomics still relatively limited – problems can 
remain with purification and stability of proteins 
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Sequencing technologies	
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Omics  
coincide with dramatic improvements in 

different sequencing technologies 
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DNA	
  sequence	
  

DNA	
  Sequence	
  



Sequencing	
  or	
  how	
  to	
  read	
  a	
  sequence	
  

DNA	
  Sequence	
  

Set	
  of	
  strings	
  based	
  on	
  
4	
  leYers	
  as	
  DNA	
  alphabet	
  {A,C,G,T}	
  



Sequencing	
  or	
  how	
  to	
  read	
  a	
  sequence	
  

DNA	
  Sequence	
  

Set	
  of	
  strings	
  based	
  on	
  
4	
  leYers	
  as	
  DNA	
  alphabet	
  {A,C,G,T}	
  

Source	
  of	
  informaDon	
  



First	
  genome	
  sequenced	
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First	
  genome	
  sequenced	
  by	
  
Sanger	
  sequencing	
  (enzyme	
  

synthesis)	
  in	
  1977	
  
bacteriophage	
  X174	
  single	
  

strand	
  of	
  5,375	
  bp	
  



Sanger	
  method	
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The	
  Sanger	
  method	
  involves	
  four	
  PCR	
  reacDons.	
  Each	
  reacDon	
  contains	
  the	
  four	
  normal	
  
nucleoDdes	
  plus	
  one	
  dideoxynucleoDde	
  stock.	
  As	
  a	
  typical	
  PCR	
  reacDon	
  generates	
  over	
  1	
  
billion	
  DNA	
  molecules,	
  each	
  of	
  the	
  four	
  PCR	
  reacDons	
  will	
  generate	
  all	
  of	
  the	
  possible	
  
terminaDng	
  fragments	
  for	
  that	
  parDcular	
  base.	
  	
  

DideoxynucleoDdes	
  are	
  
fluorescently	
  labelled	
  and	
  so,	
  
when	
  the	
  four	
  PCR	
  samples	
  

are	
  run	
  through	
  gel	
  
electrophoresis,	
  the	
  sequence	
  

of	
  the	
  fragments	
  can	
  be	
  
detected	
  by	
  a	
  laser	
  and	
  

represented	
  via	
  a	
  
chromatogram	
  



chromatogram	
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How	
  to	
  read	
  a	
  chromatogram?	
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RetenDon	
  =	
  distance	
  traveled	
  by	
  the	
  compound/distance	
  traveled	
  by	
  the	
  solvent	
  front	
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Limitations of Sanger Sequencing 
Low throughput 

Inconsistent base quality 
Expensive 

Not quantitative 



Maxam-­‐Gilbert	
  sequencing	
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Chemical	
  modificaDon	
  of	
  DNA	
  
RadioacDve	
  labelling	
  in	
  5’	
  end	
  

DNA	
  cleavage	
  induced	
  by	
  the	
  
chemical	
  treatment	
  at	
  a	
  small	
  
proporDon	
  of	
  four	
  reacDons	
  

	
  (G,	
  A+G,	
  C,	
  C+T).	
  	
  

The	
  fragments	
  in	
  the	
  four	
  
reacDons	
  are	
  then	
  

electrophoresed	
  side	
  by	
  side	
  in	
  
denaturing	
  acrylamide	
  gels	
  for	
  

size	
  separaDon.	
  	
  

no	
  longer	
  in	
  widespread	
  use,	
  having	
  been	
  
supplanted	
  by	
  next-­‐generaDon	
  sequencing.	
  



Genome sequencing 

Two genome sequencing strategies: 
 

– Clone-by-clone method (aka hierarchical 
shotgun or BAC by BAC sequencing) 
(government’s genome project) 

– Whole Genome Shotgun method  
(privately-funded Celera genome project) 



Clone-by-Clone (CBC) 

Three-Stage Approach to 
Genome Sequencing 
 

1.  Genetic mapping (cM)  
2.  Physical maps (bp) 
3.  DNA sequencing of 

ordered clones 

The clones have been 
arranged to cover an 
entire chromosome 

 

Cytogenetic map 

Genes located 
by FISH 

Chromosome 
bands 

Genetic 
markers 

1 

2 

Overlapping 
fragments 

3 

cen,morgan	
  (abbreviated	
  cM)	
  or	
  map	
  unit	
  
(m.u.)	
  is	
  a	
  unit	
  for	
  measuring	
  geneDc	
  linkage.	
  

It	
  is	
  defined	
  as	
  the	
  distance	
  between	
  
chromosome	
  posiDons	
  (also	
  termed	
  loci	
  or	
  
markers)	
  for	
  which	
  the	
  expected	
  average	
  
number	
  of	
  intervening	
  chromosomal	
  

crossovers	
  in	
  a	
  single	
  generaDon	
  is	
  0.01.	
  
(in	
  human:	
  1cM	
  =±	
  1	
  mégabase	
  in	
  plants	
  1	
  cM	
  

=±	
  200	
  kilobases)	
  



Clone-by-Clone (CBC) 

Three-Stage Approach to 
Genome Sequencing 
 

1.  Genetic mapping (cM)  
2.  Physical maps (bp) 
3.  DNA sequencing of 

ordered clones 

The clones have been 
arranged to cover an 
entire chromosome 

 

Cytogenetic map 

Genes located 
by FISH 

Chromosome 
bands 

Genetic 
markers 

1 

2 

Overlapping 
fragments 

3 



Whole-Genome Shotgun (WGS) 

1.  DNA sequencing of 
random clones 

2.  Assembly (order 
fragments into a 
continuous 
sequence) 

This approach skips genetic 
and physical mapping and 
sequences random DNA 
fragments directly 

1 

2 

reads	
  

assembly	
  



 
•  CBC is time-consuming, expensive and does not allow 

resolving repeats 
 
•  WGS is now widely used as the sequencing method of 

choice. 
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CBC vs. WGS 

The development of 
new WGS sequencing 
technologies has 
resulted in massive 
increases in speed 
and decreases in cost. 



Genomes	
  sequenced	
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1st	
  whole	
  genome	
  
Haemophilus	
  
influenzae	
  
	
  ~	
  1.8Mb	
  
1995	
  

1st	
  whole	
  eucaryote	
  
genome	
  

Saccharomyces	
  cerevisae	
  	
  
~	
  120Mb	
  
1996	
  
	
  

1st	
  whole	
  pluricellular	
  
genome	
  	
  

CaenorhabdiDs	
  elegans	
  
~	
  97Mb	
  
1998	
  
	
  

1st	
  whole	
  eucaryote	
  
genome	
  

Drosophila	
  melanogaster	
  	
  
~	
  120Mb	
  
2000	
  

1977-­‐1990	
  	
  
Birth	
  of	
  the	
  
Computer	
  
sciences	
  

	
  1st	
  Human	
  genome	
  
launched	
  in	
  1990	
  

~	
  3Gb	
  
2001-­‐2004	
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Human Genome Project…expensive 

ObjecDf	
  :	
  décoder	
  le	
  génome	
  
humain	
  pour	
  accélérer	
  les	
  
progrès	
  en	
  généDque,	
  de	
  la	
  
médecine	
  à	
  l'évoluDon	
  de	
  
l'humain.	
  



DefiniDons	
  (1)	
  (in	
  french)	
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Séquençage	
  haut	
  débit	
  (SHD)	
  :	
  terme	
  générique	
  et	
  
peu	
  spécifique	
  (uDlisaDon	
  à	
  éviter).	
  
	
  
Séquençage	
  nouvelle	
  généraDon	
  (NGS)	
  ou	
  massif	
  en	
  
parallèle	
  :	
  regroupe	
  les	
  technologies	
  de	
  2nde	
  et	
  3ème	
  
généraDon.	
  
	
  
Séquençage	
  de	
  2nde	
  généraDon	
  :	
  séquençage	
  d'un	
  
ensemble	
  de	
  molécules	
  nucléoDdiques	
  à	
  l'aide	
  de	
  
techniques	
  de	
  “wash-­‐and-­‐scan”	
  (ou	
  cycles).	
  
	
  
“Wash-­‐and-­‐scan”	
  :	
  technique	
  basée	
  sur	
  des	
  
polymérases	
  et	
  réacDfs	
  qui	
  doivent	
  être	
  enlevés	
  à	
  
chaque	
  cycle	
  après	
  l'incorporaDon	
  des	
  bases	
  à	
  lire.	
  



DefiniDons	
  (2)	
  (in	
  french)	
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Séquençage	
  de	
  3ème	
  généraDon	
  :	
  processus	
  de	
  
séquençage	
  de	
  molécules	
  uniques	
  ne	
  nécessitant	
  
pas	
  de	
  “wash-­‐and-­‐scan”.	
  
	
  
Lecture	
  :	
  fragment	
  nucléoDdique	
  individuel	
  dont	
  la	
  
séquence	
  est	
  déterminée	
  par	
  un	
  instrument.	
  
	
  
Longueur	
  de	
  lecture	
  :	
  correspond	
  au	
  nombre	
  de	
  
bases	
  individuelles	
  composant	
  une	
  lecture	
  donnée.	
  
	
  
PréparaDon	
  de	
  librairies	
  :	
  procédure	
  expérimentale	
  
précédant	
  le	
  séquençage	
  des	
  fragments	
  d'ADN	
  
d'intérêt.	
  Varie	
  en	
  foncDon	
  de	
  la	
  technologie.	
  



DefiniDons	
  (3)	
  (in	
  french)	
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Paire	
  de	
  lecture:	
  couple	
  de	
  deux	
  lectures	
  correspondant	
  aux	
  
deux	
  extrémités	
  du	
  fragment	
  à	
  séquencer.	
  En	
  foncDon	
  du	
  
protocole	
  expérimental	
  uDlisé	
  pour	
  la	
  préparaDon	
  de	
  la	
  
librairie,	
  la	
  taille	
  et	
  orientaDon	
  des	
  lectures	
  varient.	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
Taille	
  d’insert	
  (	
  insert	
  size	
  ):	
  Distance	
  entre	
  deux	
  lectures	
  d’une	
  
paire	
  en	
  incluant	
  leur	
  longueur.	
  Différent	
  de	
  la	
  «	
  outer	
  size	
  »	
  

dessin	
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Synthetic 
long reads 

Nanopore 

NOW	
  

Next-generation sequencing (NGS) technologies 



Sequencing	
  or	
  how	
  to	
  read	
  a	
  sequence	
  

Different	
  technologies	
  for	
  different	
  data	
  

DNA	
  Sequence	
  

Short	
  reads	
   Long	
  
reads	
  

Set	
  of	
  strings	
  based	
  on	
  
4	
  leYers	
  as	
  DNA	
  alphabet	
  {A,C,G,T}	
  

1-­‐Sequencing:	
  Concepts	
   2-­‐Data	
  Storage	
   4-­‐EsDmate	
  the	
  quality	
  of	
  an	
  assembly	
   5-­‐And	
  next?	
  3-­‐Assembly	
  Algorithms	
  



Different	
  read	
  types	
  

1-­‐Sequencing:	
  Concepts	
   2-­‐Data	
  Storage	
   4-­‐EsDmate	
  the	
  quality	
  of	
  an	
  assembly	
   5-­‐And	
  next?	
  3-­‐Assembly	
  Algorithms	
  



Paired-­‐end	
  sequencing	
  

DNA	
  Sequence	
  

reads	
  

fragments	
  

1-­‐Sequencing:	
  Concepts	
   2-­‐Data	
  Storage	
   4-­‐EsDmate	
  the	
  quality	
  of	
  an	
  assembly	
   5-­‐And	
  next?	
  3-­‐Assembly	
  Algorithms	
  



How	
  to	
  define	
  a	
  pair	
  of	
  reads?	
  

	
  =	
  Insert	
  size	
  

1-­‐Sequencing:	
  Concepts	
   2-­‐Data	
  Storage	
   4-­‐EsDmate	
  the	
  quality	
  of	
  an	
  assembly	
   5-­‐And	
  next?	
  3-­‐Assembly	
  Algorithms	
  



	
  
Short	
  reads	
  

Genome	
  Analyzer	
  IIx	
  (GAIIx),	
  HiSeq2000,	
  HiSeq2500,	
  	
  MiSeq	
  –	
  Illumina	
  
SOLiD	
  5500xl	
  System	
  –	
  Applied	
  Biosystem	
  
HeliScope™	
  Single	
  Molecule	
  Sequencer	
  	
  -­‐	
  Helicos	
  

	
  
Long	
  reads	
  

SyntheDc	
  long	
  reads	
  –	
  Illumina	
  
Genome	
  Sequencer	
  FLX	
  System	
  (454)	
  –	
  Roche	
  
PacBio	
  RS	
  -­‐	
  Pacific	
  Bioscience	
  	
  
Personal	
  Genome	
  Machine,	
  Ion	
  Proton	
  	
  -­‐	
  Ion	
  Torrent	
  
GridION	
  –	
  Oxford	
  Nanopore	
  

NGS technologies 
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2nd NGS 
technologies 

Bridge	
  PCR	
  Emulsion	
  PCR	
  

1)  Fragmentation and tagging of 
genomic/cDNA fragments – 
provides universal primer 
allowing complex genomes to 
be amplified with common 
PCR primers 

2)  Template immobilization – 
DNA separated into single 
strands and captured onto 
beads (1 DNA molecule/
bead) 

3)  Clonal Amplification – Solid 
Phase Amplification 

4)  Sequencing and Imaging – 
Cyclic reversible termination 
(CRT) reaction  
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NGS process 

Illumina	
  

Bridge	
  PCR	
  Emulsion	
  PCR	
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Reversible terminator sequencing - Illumina 
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Short	
  reads	
  
Paired-­‐end	
  reads	
  

Long	
  Paired-­‐end	
  reads	
  (Mate	
  pair)	
  

Sequencing	
  data	
  =	
  
FASTQ	
  file	
  



Converting RAW data to FASTQ 

@SN971:3:2304:20.80:100.00#0/1	
  
NAAATTTCACATTGCGTTGGGAACAGTTGGCCCAAACTCAGGTTGCAGTAACTGTCACAATACCATTCTCCATCAACTTC
AAGAAATGTTCAACAAAACAC	
  
+	
  
@P\cceeegggggiihhiiiiiiihighiiiiiiiiiiiiiifghhhhgfghiifihih�hiiiihiggggggeeeeeeddcdddccbcdddcccccccc	
  

FASTQ File 

Line 1: begins with ‘@’ followed by sequence identifier 
Line 2: raw sequence 
Line 3: +  
Line 4: base quality values for sequence in Line 2 

Lane # 

Tile # 
INSTRUMENT NAME 

X Y 

ADAPTOR 
INDEX 

SINGLE END 
READ 

FASTQ	
  –	
  FASTA	
  “with	
  an	
  
aNtude”	
  (embedded	
  quality	
  scores).	
  
Originally	
  developed	
  at	
  the	
  Sanger	
  to	
  

couple	
  (Phred)	
  quality	
  data	
  with	
  sequence,	
  
it	
  is	
  now	
  common	
  to	
  specify	
  raw	
  read	
  
output	
  data	
  from	
  NGS	
  machines	
  in	
  this	
  

format.	
  



FASTQ	
  file	
  

Differing	
  in	
  the	
  format	
  of	
  the	
  sequence	
  idenDfier	
  and	
  in	
  the	
  valid	
  range	
  
of	
  quality	
  scores.	
  See:	
  

	
  hWp://en.wikipedia.org/wiki/FASTQ_format	
  
hWp://maq.sourceforge.net/fastq.shtml	
  

hWp://nar.oxfordjournals.org/content/earlyÃ	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  /2009/12/16/nar.gkp1137.full	
  

	
  



hYp://hannonlab.cshl.edu/fastx_toolkit/	
  

Linux,	
  MacOSX	
  or	
  Unix	
  only	
  

Pre-­‐process:	
  FASTQ	
  analysis	
  



Mapping	
  vs.	
  Assembly	
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ConDgs/scaffolds	
  

De	
  novo	
  
Assembly	
  

Paired-­‐end	
  reads	
  

Long	
  Paired-­‐end	
  reads	
  (Mate	
  pair)	
  

Mapping	
  Reference	
  
genome	
  

No	
  Reference	
  
genome	
  

Assembly	
  



Mapping (re-sequencing): 
 

•  Will miss genome rearrangements 

•  Only as good as the reference 
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ConDgs/scaffolds	
  

De	
  novo	
  
Assembly	
  

Mapping	
  

Assembly	
  

Mapping	
  vs.	
  Assembly	
  

Reference	
  
genome	
  

No	
  Reference	
  
genome	
  



	
  
Short	
  reads	
  

Genome	
  Analyzer	
  IIx	
  (GAIIx),	
  HiSeq2000,	
  HiSeq2500,	
  	
  MiSeq	
  –	
  Illumina	
  
SOLiD	
  5500xl	
  System	
  –	
  Applied	
  Biosystem	
  
HeliScope™	
  Single	
  Molecule	
  Sequencer	
  	
  -­‐	
  Helicos	
  

	
  
Long	
  reads	
  

SyntheDc	
  long	
  reads	
  –	
  Illumina	
  
Genome	
  Sequencer	
  FLX	
  System	
  (454)	
  –	
  Roche	
  
PacBio	
  RS	
  -­‐	
  Pacific	
  Bioscience	
  	
  
Personal	
  Genome	
  Machine,	
  Ion	
  Proton	
  	
  -­‐	
  Ion	
  Torrent	
  
GridION	
  –	
  Oxford	
  Nanopore	
  

NGS technologies 



PacBio	
  sequencing	
  
Single	
  molecule	
  resoluDon	
  in	
  real	
  Dme	
  
•  Short	
  waiDng	
  Dme	
  for	
  result	
  and	
  simple	
  

workflow	
  
–  Generate	
  basecalls	
  in	
  <1	
  day	
  
–  	
  Polymerase	
  speed	
  ≥1	
  base	
  per	
  second	
  

•  No	
  amplificaDon	
  required	
  
–  Bias	
  not	
  introduced	
  
–  More	
  uniform	
  coverage	
  

•  Direct	
  observaDon	
  	
  
–  DisDnguish	
  heterogeneous	
  samples	
  
–  Simultaneous	
  kineDc	
  measurements	
  

•  Long	
  reads	
  
–  IdenDfy	
  repeats	
  and	
  structural	
  variants	
  
–  Less	
  coverage	
  required	
  

•  InformaDon	
  content	
  
–  One	
  assay,	
  mulDple	
  applicaDons	
  

•  GeneDc	
  variaDon	
  (SVs	
  to	
  SNPs)	
  
•  MethylaDon	
  
•  Enzymology	
  

C2 chemistry – installed March 2012 
- Long reads 6-10kb 
- Meidan size of molecules 3kb 
- Still 15% error rate 
- No strobe sequencing 

Software focus on: 
De novo assembly 
Hi quality CCS consensus reads 
 
In preparation 
 
- Load long molecules by magnetic beads 
- Modified nucleotides detection 

PacBio	
  introducDon	
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LS – long sequencing reads 

•  Large insert sizes (2kb-10kb) 
• Generates one pass on each molecule sequenced 

• Small insert sizes 500bp 
• Generates multiple passes on each molecule 

sequenced 

Standard 

Circular 
Consensus 

CCS – high quality sequencing reads 



Oxford Nanopore – new view on sequencing 

Hemolysin – pore - inner diameter of 1nm, about 100,000 times smaller than 
that of a human hair.  



Oxford Nanopore  

DNA sequencing 
Error rate 4%, prediction for end of the year 0.1 – 2%.  



Oxford Nanopore – new concepts  

MinION 

 -  150Mb per run 
-   Tested 48kb read length 
- $900 per instrument 
- 500 pores per device 

GridION 

-  Tested 48kb read length 
-  2000 pores per device, 

soon 8000 pores 
- Cost per human genome 
$1500. 
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From	
  Lior	
  
Patcher	
  lab	
  
(@aghd)	
  

Cost	
  versus	
  error	
  rate	
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NGS technology comparison 

*	
  

*	
  

High DNA quality and quantity 
 Low sequencing error rate 
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Omics for what? 
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Challenges	
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Large amount of 
data to analyze Expensive studies 

New expertise  
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We need to deal 
with large and 
complex data 



How to handle Omics data? 
• Tools needed to manage large amounts of data 
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Cloud	
  compugng	
  

Security?	
   Cost-­‐effecgve?	
  



How to handle Omics data? 
• Tools needed to manage large amounts of data 

• New computational approaches needed 

77	
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We need specific 
computational 

tools that can deal 
with these new 

data 



How to handle Omics data? 
• Tools needed to manage large amounts of data 

• New computational approaches needed 

• New methods for analysis and visualization needed 
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Mapping	
  tools	
  

hYp://www.ebi.ac.uk/~nf/hts_mappers/	
  



How to handle Omics data? 
• Tools needed to manage large amounts of data 

• New computational approaches needed 

• New methods for analysis and visualization needed 
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Mapping	
  tools	
  

hYp://www.ebi.ac.uk/~nf/hts_mappers/	
  



How to handle Omics data? 
• Tools needed to manage large amounts of data 

• New computational approaches needed 

• New methods for analysis and visualization needed 
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De	
  bruijn	
  algo	
  



How to handle Omics data? 
• Tools needed to manage large amounts of data 

• New computational approaches needed 

• New methods for analysis and visualization needed 

• Experiments + theory needed for design for omics 
experimentation: 

•  Sampling resolution?  
•  Dosis concentration? 
•  Study which (parts of) cells? 

• New ideas and concepts about regulation of biological 
functions needed. 
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New	
  ways	
  of	
  
analyzing	
  and	
  

showing	
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How did life change for a biologist? 

84	
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Gbrowse/	
  Jbrowse	
  



VisualizaDon	
  of	
  NGS	
  Data	
  -­‐	
  Standalone	
  
hYp://www.broadinsDtute.org/igv/	
  



VisualizaDon	
  of	
  NGS	
  Data	
  –	
  Web	
  Site	
  
hYp://gmod.org/wiki/GBrowse_NGS_Tutorial	
  



ApplicaDon	
  exemples	
  

88	
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hWp://bigdata2015.sfds.asso.fr/	
  
L'événement	
  sera	
  également	
  retransmis	
  en	
  
direct	
  (streaming)	
  à	
  l'adresse	
  :	
  hWp://
video.upmc.fr	
  



The	
  Future	
  of	
  Omic	
  Research	
  

•  Six	
  fields	
  were	
  targeted	
  for	
  development	
  as	
  
Omic	
  informaDon	
  grows	
  
– Resources:	
  Genome	
  sequences	
  and	
  libraries/DB	
  
– Technology	
  such	
  as	
  new	
  sequencing	
  methods	
  
– So�ware	
  for	
  computaDonal	
  biology	
  
– Training	
  professionals	
  in	
  interdisciplinary	
  skills	
  
– Ethical,	
  legal,	
  and	
  social	
  implicaDons	
  
– EducaDon	
  of	
  health	
  professionals	
  and	
  public	
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How	
  to	
  store	
  inputs/
outputs	
  sequencing	
  

data?	
  

Benchmarking	
  
(Performance	
  
comparisons)	
  

Tools	
  and	
  packages	
  
dedicated	
  to	
  

sequencing	
  data	
  

New	
  way	
  to	
  analysis	
  
and	
  visualize	
  



One example: Cancer 
A Disease of the Genome 



Goal 
•  Identify changes in the genomes of tumors that drive 

cancer progression 
•  Identify new targets for therapy 
•  Select drugs based on the genomics of the tumor 

One example: Cancer 
A Disease of the Genome 
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One	
  type	
  of	
  change:	
  
Single	
  nucleoDde	
  polymorphism	
  (SNP)	
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SNP	
  vs.	
  mutaDon	
  

(somaDc)	
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Beyond SNPs 
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Why have SVs been ignored? 



Next-­‐generaDon	
  sequencing	
  is	
  enabling	
  worldwide	
  collaboraDve	
  
efforts,	
  such	
  as	
  the	
  InternaDonal	
  Genome	
  ConsorDum	
  (ICGC)	
  and	
  
The	
  Cancer	
  Genome	
  Atlas	
  (TCGA)	
  project,	
  to	
  catalogue	
  the	
  
genomic	
  landscape	
  of	
  thousands	
  of	
  cancer	
  genomes	
  across	
  
many	
  disease	
  types.	
  
	
  
DATA	
  
The	
  Cancer	
  Genome	
  Atlas	
  (TCGA)	
  project	
  has	
  analyzed	
  mRNA	
  
expression,	
  miRNA	
  expression,	
  promoter	
  methylaDon,	
  and	
  DNA	
  
copy	
  number	
  in	
  489	
  high-­‐grade	
  serous	
  ovarian	
  adenocarcinomas	
  
(HGS-­‐OvCa)	
  and	
  the	
  DNA	
  sequences	
  of	
  exons	
  from	
  coding	
  genes	
  
in	
  316	
  of	
  these	
  tumors.	
  	
  

One example: Cancer 
A Disease of the Genome 
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Results	
  
•  High	
  grade	
  serous	
  ovarian	
  cancer	
  is	
  characterized	
  by	
  TP53	
  

mutaDons	
  in	
  almost	
  all	
  tumors	
  (96%)	
  	
  
•  Low	
  prevalence	
  but	
  staDsDcally	
  recurrent	
  somaDc	
  mutaDons	
  

in	
  9	
  addiDonal	
  genes	
  including	
  NF1,	
  BRCA1,	
  BRCA2,	
  RB1,	
  and	
  
CDK12	
  

•  113	
  significant	
  focal	
  DNA	
  copy	
  number	
  aberraDons	
  and	
  	
  
•  promoter	
  methylaDon	
  events	
  involving	
  168	
  genes.	
  	
  

The	
  Cancer	
  Genome	
  Atlas	
  Research	
  Network,	
  2011	
  

è	
  Pathway	
  analyses	
  suggested	
  that	
  homologous	
  
recombinaDon	
  is	
  defecDve	
  in	
  about	
  half	
  of	
  tumors,	
  and	
  that	
  
Notch	
  and	
  FOXM1	
  signaling	
  are	
  involved	
  in	
  serous	
  ovarian	
  
cancer	
  pathophysiology.	
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