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DNA Sequencing, what for ?

Sequenced in 3 years for 3 billion euros in 2000

i Organized within 24 chromosomes
C Today would be achieved in 1 month for 20.000 euros
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TPV IEYTEVE Y Human genome = 3.000.000.000 DNA bases (A,T,C,G)
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Potential applications within the next years
- personalized medicine,

- clinical diagnostics,

- biodiversity understanding.



A Brief History of Sequencing

: Maxam and Gilbert chemical degradation sequencing
1.5 Kb bp/person/year

. ABI 3706€apillary array sequencers

20 Mb bp/person/year

. ABI SOLilmage array sequencers

150 Gb bp/person/year

. 400 Gb bp/person/year

. 2.000 Gb bp/person/year
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Next-Next Generation Sequencing

Nanopore Technoloqy :
e Nowi1Gb/éap d s
e When 60GB/lw h

*in a few years
« cheaper (<1.000$% /genome)
o faster (1 hour / genome)

Figure courtev of Hao Liu, (Biodesign Institute)

A Direct electrical detection at the single molecule level,
A Sequencing base by base very very fast,

A Thousands of nanopores in parrallel,

A Sequencing lond reads ~10.000 bases.



Next Generation Sequencing

High Throughput Sequencing
Applied Biosystem, Solid

oNA S/ /77 /7 /7 — DNA extraction

genomic level

TRANSCRIPTION ]
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SAddison Wesley Longman, Inc

Primary analysis :
- Sequence all DNA or RNA sequences,
- Output a list of 600.000.000 reads 50 bases long in text file.




Secondary analysis :
Reads mapping to a reference

Input

- A reference genome - One or more genomic coordinates for ea

Output

Cl

- A collection of manylPBbp reads

In practice, only around 70% of tags match uniquely the reference genome.

A sequencing errors
A variation in the genome sequenced

A Multiple mapping (a read may occur more than once in the reference genc

A Inexact mapping (a read may not exactly match the reference genome)

?

AN /

Human genome is not the same between different people
Human genome is altered in cancer or other diseases.




Data processing

Solid system
40 samples in parallel
~15.000.000 reads 50 bases long each

Primary analysis
takes 3 days

For each samplas) the analypeline toalign.
For human genome : all human chromesor =g
Each tasks is run 4 tilyes

Secondary analysis
Up to 10 days

4.000 tasks to process all the Solid run
ideal case for parallelisation



Current computing ressources

Solid cluster _ -
4 bi quad coreRB8) — Used foprimary analysis during a run

cores, 4 Gb RAM / core

Data processing cluster

4 bi dual coreRBg)
cores, 4 Gb RAM / core

windows workstations




Current computing ressources
first benchmarks

e Reads data set = 1
 Reference seq = who

Data processing cluster
4 bi dual coreRBS) — 5h : mearn$ days for 40 samples.
cores, 4 Gb RAM / core

INRIA CPER PACA Grl{d—. 5n30mn
bench access®bcoresRroActive) more benchmarks to come with 40 samp




Proactive mul

ti-clusters management

Solid cluster

4 bi quad cores
cores, 4 Gb RAM / core

Data processing cluster

4 bi dual cores
cores, 4 Gb RAM / core

«— Proactive Scheduler and ressource manag

windows workstation

(@A)

INRIA CPER PACA Gr

o

ot her r ¢

D S STo henclenaurk in the next few mon




Perspectives :
e The si ze of
Conclusions :
. | nf or mati cs
. Bi oi nf or mat i

. For mi

Conclusions

An exciting time for genomics !!!
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Conclusions

An exciting time for genomics !!!

Perspectives :

The si ze of t he datca etalba®té Wo

Conclusions :
|l nf ormatics challenge to hani
Bi oinformatics challenges f ol
Forming the right coll aborat.i

Thanks to emil and christian from ActiveEon team !



Thank you for your attention !















The comprehensive exploration of nucleic acids expression he
experienced an outstanding technological maturation, support
emergence of new technologies, such as DNA microarrays.
The first microarrays produced in academic labs contained a f
hundreds of probes.

They have now been outdated by commercial platformsconta
millions of distinct probes.

High throughput sequencing is now rapidly replacing most cur
microarray approaches (> 60 Gbases / run = 20 coverages of
genome).

The Nice Sophia Antipolis Functional Genomics Platform (cree

o ene -

65 o5600060506 — houses all equipments for performingfdtatat highhroughput
e0 00008800 ' ‘ studies on RNA/DNA:

AT

production and analysis of glass slides microarrays
Affymetrix analysis
High Throughput Sequencing.

The platform is ISO2001 v2000 certified since 2006. Its initial technological developments were orient
the DNA microarray technology in biological projects, and their diffusion to the academic community.
instance developed biological and bioinformatics resources to support the fabrication and distribution
microarrays to UK and French academic laboratories (Le Brigand et al, 2006; 2007). More recently, it
panspecies micro RNA array for profiling micro RNA (Triboulet et al, 2007; Saumet et al, 2008), and a
array for characterizing the genomic loci encoding micro RNA. The latest developments by the platfor
installation in fall 2008 of a Solid, the new high throughput sequencer developed by Applied.

This new technology is used in order to devese Gtti Matin immunoprecipitation combined with sequ
approaches, pai®ad sequencing, transcriptome analysis, etc...



Analysis pipelines development

- Enormous amount of biological data are being generathobhglmgt capabilities,
- Even more are coming,

-Data analysis and d a padernsisigngfsonygdata, d | S
establishingssociatioramong data patterns,

- Current mode of work : Developing ad hoc tools for each individual application

-As the amount and types of data and the needs to establish connectiowmtcros
sources increase rapidlg,e number of anal ysi s toc

A Developing ad hoc tools for each application problem (by each group of individual
researchers) may soon become inadequate as bio-data production capabilities further
ramp up



Tertiary analysis : interpretation of the results,
| t 0s al | about the coc

» The Human genome has changed the w
biologists approach scientific challenges.

» Biology is an information science

» Biology applications are scaling at a rate
that exceeds the computing capability

“And that's why we need a computer.”



Next Generation Sequencing : Solid system v3

Genome y ’ Transcriptome

s D jolro Sequencing » Gene Expression Profiling
# Targeted Resequencing
# WWhole Genome Resequencing

Epigenome

 Srall RMA Analysis

» Whole Transcriptorne &nalysis

e Chromatin Irmmunoprecipitation (ChIP)
» Methylation Analysis ]t

- Sequence all DNA or RNA fragment sequences in a specific experiment,
- Actuallprimary analysis output a list of 300.000.000 reads (50bases long) in tex

eyOoU know everything what's happeni
* need to annotate the redsecondary analysis =alignment to a reference
sequence (human genome 3GDh).




ABI-SOLID : The power of 2-base Encoding

e 1 Color # 1 Base

e Each Color = Info from 2 Bases

Yy
Ze0

Reference

SNP 2 color change Sequencing error
Sequence

one color change




Bioinformatics challenge




Completely Sequenced Genomes
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