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How can we achieve large-scale 
GWAS with genomic sequence 

data now?





The dark matter of genetics



Why can we explain only a fraction of the genetic risk?

• For most complex disease/phenotypes, the proportion of the 
variance explained by GWAS hits is less than 5%

• What explains the missing heritability?
– Common, but untagged SNPs?

– Structural variation?

– Rare variants?

– GxG interactions?

– GxE interactions?

The 1000 Genomes Project



What is the 1000 Genomes Project?

• A catalogue of all types of genetic variation, including rare
variants (c. 1% frequency) obtained by sequencing at least 
1000 individuals from geographic centres of major medical 
genetics interest

• A large international collaboration
– UK, USA, China, Germany

• An exploration of the use of next-generation technologies for 
population-scale genome sequencing

• A resource for accelerating the rate of identifying disease 
mechanisms in the follow-up to disease-association studies



Samples for the main project
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Population-scale sequencing
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Pilot experiments

• Pilot 1
– Low-coverage (4x-8x) on 60 unrelated individuals from each of CEU, 

YRI and CHB+JPT

• Pilot 2
– High-coverage (20x diploid) on 2 trios (one from CEU, one from YRI) 

• Pilot 3
– Exons from 1000 genes to 20x in c. 1000 samples (largely European)

Complete! 





Data processing innovation and standards



Sequence AlignMent format

Bioinformatics (2009) http://samtools.sourceforge.net



Variant Call Format 

www.1000genomes.org/wiki/doku.php?id=1000_genomes:analysis:vcfv3.2



ftp.1000genomes.ebi.ac.uk

www.1000genomes.org



Read-scale view

Eric Banks (Broad)



Genome wide SNP discovery

• Total 17.2 M SNPs called

• Previously ~12M SNPs 
“known” (dbSNP 129)

– 7.9M confirmed

– 9.2M novel
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Completeness

Durbin, Le Quang
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Genotype accuracy on HapMap2

• This is about where simulations suggest we should be with 2-4x on 60 
samples

• Much higher than independent calls



Some surprises – high Fst SNPs

Ryan Hernandez, Adam Auton



Using the 1000G data now



IMPUTE

Genotypes in 
additional 
samples from 
standard product

Reference panel
(1000G)

Imputation

…  11101010101011  …

…  00111110000111  …

…  11110000011101  …

…  00101011100101  …

…  1.2..1.0.0..22…

…  11220110200122  … 
Imputed 
genotypes



What can we use imputation for in GWAS/fine-
mapping?

• To 
– Help define genomic regions likely to contain causal variants

– Define a small set of SNPs to take through to additional genotyping?

– Fine-map?

• Accuracy depends on completeness of imputation source and 
accuracy of imputed genotypes



Imputation resources

Data source Type Number 
haplotypes

Number 
SNPs

Includes

HapMap2 GT 120 671 Mainly common SNPs, phased 
from trios

Reseq RS 64 1543 SNPs found from resequencing.  
Genotypes called independently

FM panel GT 64 1699 All SNPs from RS pilot and dbSNP
for which design possible

1000 Genomes 
pilot (CEU)

RS 114 2561 SNPs found from RS, integrated 
into haplotype structure of HM3 
SNPs



How can we measure imputation?



CAD: CDKN2A/2B
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How good is imputation?

• Imputation is never going to be as convincing as genotyping

• BUT it is sufficiently accurate, at least for common variants, to
– Define sets of SNPs of interest

– Exclude SNPs

– Indicate whether the signal is likely to be localised through additional 
genotyping (a function of power and haplotype structure)

• The completeness of the 1000G project data is extremely 
valuable
– The WTCCC decided to stop any further sequencing of controls or 

cases



Open questions

• How reliably can you detect structural variation from low-
coverage data?

• How do you combine information across populations?

• Can we generate reliable de novo assemblies from the data?
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