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Finding the genetic causes of disease,;

Searching for a needle in the haystack
The diploid human genome
consists of 6 billion nucleotides

A mistake in 1 nucleotide can
give rise to a severe disease

How can we find this needle In
the haystack?
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Current methods for disease gene identification

K:sible after linking a genomic region to disease:

aryotyping
/&Copy number variation profiling
Ainkage analysis

omozygosity mapping

enome wide association studies

%tgrnatives:
andidate gene sequencing based on prior knowledge
(genes in related diseases, functional information)
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DNA variations: From nucleotide to chromosome level
Detectable with different technologies
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Current use of DNA seqguencingin the clinic

Al\/lonogenic disorders and Heriditary Cancers
Single gene tests (50 in Nijmegen, ~2500 worldwide)
Nijmegen: ~10,000 tests per year, 10% annual growth

ADNA sequencing in detecting viruses, bacteria and
fungal pathogens
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Current use of DNA microarrays in the clinic
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Affymetrix 250k SNP microarray

/BGenomic microarrays have largely replaced karyotyping for
chromosome studies (3000 tests per year in Nijmegen)

AJsed to study copy number variation, uniparental disomy,
(linkage analysis and homozygosity mapping in research)
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Current technologies have shortcomings

A\/Iicroarray:

- misses mutations in genes
- misses balanced chromosome rearrangements

/BConventionaI (sanger) sequencing:

- misses copy number variations
- limited to the analysis of 1-2 genes at once

- sequencing 1 genome takes years and hundreds of
millions of euros
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http://upload.wikimedia.org/wikipedia/en/3/3d/Radioactive_Fluorescent_Seq.jpg
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Limitations of current situation

é“;‘ingle gene tests laborious and relatively expensive
anyi’ulonogenic diseases are not caused by one gene!

eriditary breast cancer (2-3 genes)
étaxias (~10 genes)

lindness (~100 genes)

ental retardation (~1000 genes estimated)

A’Sanger sequencing does not detect copy number
variations and other structural variants that cause disease

/ﬁGenetic variants contributing to complex disease largely
unknown

=*> No diagnostic testing for majority of monogenic diseases
=* No (useful) genetic tests for complex diseases




The ideal scenario

Cyclic array sequencing
(=1 of reads/array)
Cycle 2

Cycle 1
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What is base 1?7 What is base 27 What is base 37

Genome sequence

TTAACCCCTTCEAAT GCTCAT CARATCGTATCTCCCEARRATGTCTTTTATY
TATCTTACTTCCACCACATAAT CTACGAACTATCAATGTTTATGATGGTCAG
GITTGT TAACAAGTGAT TT GAATCTGATAAT CCGAAGAGTTGCTAATAATGH
GCAAAAATACAAAMAAT CTTGGAT TCTAT CEATAACAGCCGAGET GCCAAT
TACAAATAARRAGCTTACTTTGGATACTTTCACAGGT GEACACT CAARAGAN
TGCGAAGTTATATTAAT GGCAAACGTATT CCT GAGACT GCCAGAGUTGTAAT)
TCTATGAATAAAACTGGCTTTAT T GAAGTACCATCTTACATTTT AAACAAGT)
TGTTGTICTTTTATAAT CACGT TACGAAAGATAACATACTCAAAAGTCTTCAN
AAGCTTTTCTAACATATAT CARRAGT GATCATAATTCTZARAATCCTTATAT
GATTTAGCACAGAAGAAT GGATATT TAACCTTGGCTCCTAATTTCGGTGATA
AAAAAGGAAAGAGGAAGGTGGTTTTECTAACTATTTGCAGACATCCATCTAT
CTAATATCCAATCTGGTATAATAAAAAGAT CAGAAGEGTTTACTATTAACAT)
ACAATTTGCACATCTTITT ATZACAATAT)
CARAATCCCCATGTGCCAAT CT CGRACAAGCTTTGAT TATGAACT CACGAAAT)
AAAATTCTATAACAAGCAATCCAATCTTCEGECTTEGETCCAAGATCAAAT ACT
AATAAGTTATATAGACGACAAAATTATACATATAACGAT GCGTTGGTGAT T
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A technological revolution in DNA sequencing

- DNA fragmentation
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In vivo cloning and amplification
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Cycle sequencing
3-... GACTAGATACGAGCGTGA...

5... CTGAT
‘ ...CTGATCTA":D
.CTGATCTAT < g
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...CTGATCTATGC
...CTGATCTATGCT
...CTGATCTATGCTC
...CTGATCTATGCTCG
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CTGATC’C) (primen)

CTGATCT ~

Polymerase
dNTPs
Labeled ddNTPs

Electrophorsesis
(1 read/capillary)
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In vitro adaptor ligation

Generation of polony array

Cyclic array sequencin‘g/
(=1 0% reads/a rray)

Cycle 1 Cycle 2 Cycle 3

St Radboud

/NO cloning step

Parallel analysis of
millions of sequences
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What is base 17 What is base 27 What is base 37
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Many fmassive p a r a Inéxte
rsecondo  tirddigeneration
sequencing technologies,

no single ideal platform yet
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Primar, templats, Chai mdl}'cn:m—
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Sodidphase amplifiction
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Sarmplé preparation
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Bilicns of primad, singk-meloculs tamp btes

Thousands of primad, singla-molocula templites

Metzker. Nat Rev Genet 2009 _

Roche/454's
OS5 FLX

Titanium

Numina/
Solexa’s GA.

Life/APG's
S0LD3
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G007
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BioSciences
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Pacific
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(target
release:
20200
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Machine
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505,000

170,000

099,000
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Pros

Longer reads
improve
mapping in
repetitive
regions; fast
run times

Currently the
miost widely
used platform
in the field

Two-base
encoding
provides
inherent error
correction

Least
EXpEnsive
platform;
Dpen source
to adapt
alternative
MNGS
chemistries

MNon-bias
representation
of templates
for genome
and seq-based
applications

Has the
greatest
potential
for reads

exceeding
1kb

Cons

High reagent
cost: high
errorrates

in homo-
polymer
repeats

Low
multiplexing
capability of
samples

Long run
times

Users are
reguired to
mgintain

and quality
control
reagents;
shortest NG5S
read lengths

High error
rates
compared
with other
reversible
terminator
chemistries

Highest
erTor rates
compared
with other
NGS
chemistries
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Next generation sequencing equipment in Nijmegen

Applied Biosystems, SOLiD » Roche 454, GS FLX Titanium
Since 9-2009 Since 11-2008
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Genome sequencing will be affordable !

The Race for the $1000 Genome

Is a US $1,000 genome feasible? 17 MARCH 2006 WVOL 311 SCIENCE

Jay Shendure*, Robi D. Mitra*, Chris Varma* and George M. Church”

Opinion
Anticipating the $1,000 genome

Genome Blology 2006, 7:112

NATURE REVIEWS | GENETICS VOLUME 5 | MAY 2004 |

Decrease in the Cost of Finished DNA Sequencing

10.00+
= The thousand-dollar
= 1,00
. genome
=
E"_ Genetic brinkmanship or personalized medicine?
+ 0.10
3 EMBO reports VOL 8 | NO 10 | 2007
0.01
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From short seguences to a genome:
Genome assembly

Millions of short sequences per individual

Total genome sequence 1 individual

Powerful
Computing

Human Genetics Nijmegen
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Sequencing also detects structural variation
Deletion 50kb
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Next generation seqguencing in disease

Selected genes (2-1000) Whole genome

ADiseases with known cause AAII diseases

ARequires enrichment ARequires no enrichment
Structural variation detection Structural variation detection
limited? possible

Alnterpretation relatively easy Alnterpretation bottleneck (genic &
No risk of unexpected nongenic variants)
findings ARisk of unexpected findings

AAIready possible and ANot yet possible in large scale
affordable and expensive (2-5 years?)

In between: Sequencing of targeted genomic loci or the exome
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Next generation sequencing of selected genes

Proof-of-principle for the use of next generation
sequencing technology in the clinic

Critical: Enrichment

B |

E Other requirement
Aong range and multiplex PCR to reduce costs:
AArray—based sequence capture Barcoding
A‘Selector or collector approaches

ALiquid enrichment
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Sequence Capture workflow

ASeIect your targets
/ genes: e.g. Target Regions ,
APTX. SYNE1, TDP1, W —> Targeted region
1Mex 12L2n 112 ed10ns
SACS, SETX, ATM, FXN N N NI 0 —> Tiled region, i.e.
Aall exons & introns FTH b HA P AR T D St represented on the array

A886kb

/AEnrichment of 10 samples

AKnown disease causing mutations for AR ataxia (severe
movement disorder)

/&1/4 run Roche 454 GS FLX Titanium Sequencing
>65Mb map-able sequence




Sequencing reads

Array probes
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Exonic enrichment and sequencing Is reproducible!
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Coverage of the ATM gene, mutated in sample 1

chirl1:
GO _
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