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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

Possible after linking a genomic region to disease:

ÅKaryotyping

ÅCopy number variation profiling

ÅLinkage analysis

ÅHomozygosity mapping

ÅGenome-wide association studies

Alternatives:

ÅCandidate gene sequencing based on prior knowledge

(genes in related diseases, functional information) 
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1-500 nucleotides >5 million nucleotides

DNA variations: From nucleotide to chromosome level
Detectable with different technologies 

How to detect everything?

Genome sequencing          Microarrays

Technology development

DNA diagnostics Cytogenetics
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Current use of DNA sequencing in the clinic

ÅMonogenic disorders and Heriditary Cancers

Single gene tests (50 in Nijmegen, ~2500 worldwide)

Nijmegen: ~10,000 tests per year, 10% annual growth

ÅDNA sequencing in detecting viruses, bacteria and 

fungal pathogens 
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ÅGenomic microarrays have largely replaced karyotyping for

chromosome studies (3000 tests per year in Nijmegen)

ÅUsed to study copy number variation, uniparental disomy,  

(linkage analysis and homozygosity mapping in research)

Chromosome 5

Affymetrix 250k SNP microarray

Current use of DNA microarrays in the clinic
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Current technologies have shortcomings

ÅMicroarray:

- misses mutations in genes

- misses balanced chromosome rearrangements

ÅConventional (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

http://upload.wikimedia.org/wikipedia/en/3/3d/Radioactive_Fluorescent_Seq.jpg
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Limitations of current situation

ÅSingle gene tests laborious and relatively expensive

ÅMany monogenic diseases are not caused by one gene!

ÅHeriditary breast cancer (2-3 genes)

ÅAtaxias (~10 genes)

ÅBlindness (~100 genes)

ÅMental retardation (~1000 genes estimated)

ÅSanger sequencing does not detect copy number 

variations and other structural variants that cause disease

ÅGenetic variants contributing to complex disease largely 

unknown

No diagnostic testing for majority of monogenic diseases
No (useful) genetic tests for complex diseases
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?

The ideal scenario

DNA

Genome sequence
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A technological revolution in DNA sequencing

No cloning step

Parallel analysis of 

millions of sequences

OLD NEW
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Many ñmassive parallelò ñnextò 

ñsecondò & ñthirdò generation

sequencing technologies, 

no single ideal platform yet

Metzker. Nat Rev Genet 2009
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Next generation sequencing equipment in Nijmegen

Roche 454, GS FLX Titanium

Since 11-2008

Applied Biosystems, SOLiD

Since 9-2009
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Genome sequencing will be affordable ! 
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From short sequences to a genome: 
Genome assembly

Millions of short sequences per individual

Total genome sequence 1 individual

Powerful

Computing

essential!!!!!!!!
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Sequencing also detects structural variation
Deletion 50kb

Position (Mb)

BAC array

SNP/oligo array

Position (Mb)

Sequencing

Short fragments

Sequencing

Paired fragments
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Next generation sequencing in disease

Selected genes (2-1000)

ÅDiseases with known cause

ÅRequires enrichment

ÅStructural variation detection 

limited?

ÅInterpretation relatively easy 

ÅNo risk of unexpected 

findings

ÅAlready possible and 

affordable

Whole genome

ÅAll diseases 

ÅRequires no enrichment

ÅStructural variation detection 

possible 

ÅInterpretation bottleneck (genic & 

nongenic variants)

ÅRisk of unexpected findings

ÅNot yet possible in large scale 

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 

ÅLong range and multiplex PCR

ÅArray-based sequence capture

ÅSelector or collector approaches

ÅLiquid enrichment

Other requirement 

to reduce costs: 

Barcoding
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Sequence Capture workflow

ÅSelect your targets

ÅEnrichment of 10 samples

ÅKnown disease causing mutations for AR ataxia (severe 

movement disorder)

Å¼ run Roche 454 GS FLX Titanium Sequencing 

>65Mb map-able sequence

7 genes:

APTX, SYNE1, TDP1, 

SACS, SETX, ATM, FXN

Åall exons & introns

Å886kb

Targeted region

Tiled region, i.e. 

represented on the array

e.g.
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Enrichment works!
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Exonic enrichment and sequencing is reproducible!
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Coverage of the ATM gene, mutated in sample 1

TGŸGC
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