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1000genomes.org

http://1000genomes.org


1000 Genomes Project

1000genomes.org

• Goal: find most genetic variants with frequencies of at least 1% in the 
populations studied.

• Utilized new sequencing technology. 
• Public Data.
• Project planned to sequence each sample to 4x genome coverage to allow 

the detection of most variants with frequencies as low as 1%.
• Multi-sample approach: Data from 2,504 samples combined.
• 26 populations
• 2008-2015

http://1000genomes.org


Pilot Purpose Coverage Strategy Status
1 - low 
coverage

Assess strategy of sharing 
data across samples

2-4X Whole-
genome 
sequencing 
of 180 
samples

Sequencing 
completed 
October 
2008

2 - trios Assess coverage and 
platforms and centres

20-60X Whole-
genome 
sequencing 
of 2 mother-
father-adult 
child trios

Sequencing 
completed 
October 
2008

3 - gene 
regions

Assess methods for gene-
region-capture

50X 1000 gene 
regions in 
900 samples

Sequencing 
completed 
June 2009

1000 Genomes Project

1000genomes.org

Pilot Project

http://1000genomes.org


1000 Genomes Project

1000genomes.org 
The1000 Genomes Project Consortium, Nature 526, 68–74 (2015). 
Sudmant et al.Nature 526,75–81 (2015).

Main Project
• Data Freeze - 2nd May 2013.
• Multi-sample approach: Data from 2,504 samples combined.
• 26 populations.
• Low coverage and exome sequence data.
• 24 individuals sequenced to high coverage (validation).
• Results Published in 2015

http://1000genomes.org


1000 Genomes Project

The1000 Genomes Project Consortium, Nature 526, 68–74 (2015).



1000 Genomes Project

The1000 Genomes Project Consortium, Nature 526, 68–74 (2015).

• All individuals:
• Whole-genome sequencing (mean depth 7.4X)
• Targeted exome sequencing (mean depth 65.7X)
• Individuals & available first-degree relatives (generally, adult offspring) 

genotyped with high-density SNP microarrays. 



1000 Genomes Project

Hafler & De Jager, Nature Reviews Immunology 5, 83-91 (2005)

Reminder Example
4 versions of same 

chromosome
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The1000 Genomes Project Consortium, Nature 526, 68–74 (2015).
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The1000 Genomes Project Consortium, Nature 526, 68–74 (2015).

Integrated callset.



1000 Genomes Project

The1000 Genomes Project Consortium, Nature 526, 68–74 (2015).

Polymorphic variants within populations.
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The1000 Genomes Project Consortium, Nature 526, 68–74 (2015).

Variants Per Genome

AmericasEast Asia AfricaEurope South Asian Ancestry
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The1000 Genomes Project Consortium, Nature 526, 68–74 (2015).

Variants Per Genome



1000 Genomes Project

The1000 Genomes Project Consortium, Nature 526, 68–74 (2015).

Variation Per Typical Genome

• ~ 4.1 million to 5.0 million sites
• ~ 99.9% of variants are SNPs and short indels.
• Structural variants ~ 2,100 to 2,500 [20 Mb]
‣ ~1,000 large deletions, ,
‣ ~160 copy-number variants, 
‣ ~ 915 Alu insertions,
‣ ~ 128 L1 insertions,
‣ ~ 51 SVA insertions, 
‣ ~ 4 NUMTs, and ,10 inversions)



1000 Genomes Project

The1000 Genomes Project Consortium, Nature 526, 68–74 (2015).

Variant sites per genome, partitioned by population and variant category

sites with 
a derived 
allele

synonymous 
sites with a 
derived allele

nonsynonymous 
sites with a 
derived allele

sites with 
a loss-of-
function 
allele

sites with 
a HGMD 
disease 
mutation 
allele

sites with a 
ClinVar 
pathogenic 
variant

sites 
carrying a 
GWAS risk 
allele

HGMD: Human 
Gene Mutation 
Database



1000 Genomes Project

The1000 Genomes Project Consortium, Nature 526, 68–74 (2015).

Variant sites per genome, partitioned by population and variant category

pattern of increased diversity in Africa
ethnic bias of 
current genetic 
studies



1000 Genomes Project

The1000 Genomes Project Consortium, Nature 526, 68–74 (2015).

Population Structure and Demography

shared demographic history > 
150,000-200,000 years ago

Note the bottlenecks
(large population reduction 
prior to recovery)



1000 Genomes Project

The1000 Genomes Project Consortium, Nature 526, 68–74 (2015).

Rare Variants

762,000 rare variants 
(frequency < 0.5%) 
within the global sample 
but common (> 5%) 
within a population. 



1000 Genomes Project

Sudmant et al.Nature 526,75–81 (2015).

Structural Variants

SV Class No. sites
Deletion(biallelic) 42,279
Duplication (biallelic) 6,025
mCNVs 
(multi allelic copy-number variants)

2,929

Inversion 786
Mobile Element Insertion 16631
NUMT (nuclear mitochondrial insertions) 168



1000 Genomes Project

Sudmant et al.Nature 526,75–81 (2015).

Structural Variants

Novelty
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Sudmant et al.Nature 526,75–81 (2015).

Structural Variants

Size Distribution
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Sudmant et al.Nature 526,75–81 (2015).

Structural Variants

Across Populations

AMR, Americas

EAS, East Asia 

AFR, Africa

EUR, Europe

SAS, South Asian

Rare SVs typically 
specific to individual 
continental groups.
At variant allele 
frequency > 2% nearly 
all SVs are shared 
across continents.



1000 Genomes Project

Sudmant et al.Nature 526,75–81 (2015).

Structural Variants

Functional impact enrichment by variant allele frequency

CDS, coding sequence

RVIS, residual variation intolerance score

UTR, untranslated regions 
TF, transcription factor binding site

nc, non coding



1000 Genomes Project

Sudmant et al.Nature 526,75–81 (2015).

Structural Variants

CDS, coding sequence

RVIS, residual variation intolerance score

UTR, untranslated regions 
TF, transcription factor binding site

nc, non coding

Functional impact enrichment by type



1000 Genomes Project

Sudmant et al.Nature 526,75–81 (2015).

Structural Variants 3,163 total regions where SVs cluster 
(>2 SVs mapping within 500 bp)

Example: SV Clustering (47 SVs): pregnancy-specific glycoprotein (PSG) family



1000 Genomes Project

Sudmant et al.Nature 526,75–81 (2015).

Structural Variants

Complexity of Deletions: 5 Classes
• Out of 29,954 deletions 

with resolved breakpoints 
6% (1,822) intersect 
another deletion with 
distinct breakpoints. 

• 16% (4,813) showed the 
presence of additional 
inserted sequence at 
deletion breakpoints. 

• 1,651 deletions with mean 
size of 3.1 kbp and at least 
10 bp of additional DNA 
sequence between the 
original SV site boundaries 
grouped into 5 classes 
(214 do not fit)



1000 Genomes Project

Sudmant et al.Nature 526,75–81 (2015).

Structural Variants

• Split-read  smaller-scale complex deletions (7,804 examined):
• 664 small deletions exhibit complexity (median size 67bp)
• 64 (of the 664) contained insertions >3bp that may be derived 

from a nearby template.

REF, reference allele

ALT, alternative allele



1000 Genomes Project

Sudmant et al.Nature 526,75–81 (2015).

Structural Variants

Summary of Inversion Complexity

Sudmant et al.Nature 526,75–81 (2015).
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The UK10K Project
Aims
Genome-wide sequencing of deeply phenotyped cohorts, 
Exome (protein-coding regions) analysis of selected extreme phenotypes to:
1. Elucidate singleton variants by maximising variation detected.

• Pre-existing cohorts of related phenotypes.
• Genome-wide sequencing of 4,000 samples from the TwinsUK and ALSPAC  

cohorts to 6x sequencing depth. (ALSPAC, Avon Longitudinal Study of Parents 
and Children)

2. Directly associate genetic variations to phenotypic traits
TwinsUK and ALSPAC cohorts have been deeply phenotyped
Analysis of shared genetic variation within twin pairs - link to disease.

3. Uncover rare variants contributing to disease
• 6,000 exomes of extreme phenotypes of specific conditions
• identified obesity and neurodevelopmental disorder cohorts
• 8 other areas

4. Assign uncovered variations into genotyped cohort and case/control 
collections

5. Provide a sequence variation resource for future studies
uk10k.org

http://www.twinsuk.ac.uk/
http://www.bristol.ac.uk/alspac/
http://uk10k.org


The UK10K Project

uk10k.org

Information about the UK10K Study Samples:
• Whole genome cohorts (4000)
• Neurodevelopment Sample Sets (up to 3000 whole exomes)
• Obesity Sample Sets (2000 whole exomes)
• Rare Diseases Sample Sets (1000 whole exomes)

http://uk10k.org
http://www.uk10k.org/studies/cohorts.html
http://www.uk10k.org/studies/neurodevelopment.html
http://www.uk10k.org/studies/obesity.html
http://www.uk10k.org/studies/rarediseases.html


The UK10K Project

The UK10K Consortium, Nature 526, 82–90 (2015)
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The UK10K Consortium, Nature 526, 82–90 (2015)

AF, allele frequency
AC,allele count
MAF, minor allele frequency

SNVs in all autosomal regions (Allele Frequency bins) 

% shared European ancestry samples from
• 1000 Genomes Project (phase I, EUR 

n=379) 
• &/or Genomes of the Netherlands (GoNL, 

n=499)



The UK10K Project

The UK10K Consortium, Nature 526, 82–90 (2015)

AF, allele frequency
AC,allele count
MAF, minor allele frequency

SNVs in all autosomal regions (Allele Frequency bins) 

94.7% of singleton (allele count (AC) 
=1) and 55.0% of rare (AC > 1 and 
MAF <1%) SNVs were study-specific.



The UK10K Project

The UK10K Consortium, Nature 526, 82–90 (2015)

AF, allele frequency
AC,allele count
MAF, minor allele frequency

SNVs in all autosomal regions (Allele Frequency bins) 

Overall, 96.5% of variants with MAF > 
1% were shared, reflecting a common 
reservoir within Europe 



The UK10K Project

The UK10K Consortium, Nature 526, 82–90 (2015)

Phenotype–genotype association testing strategies 



The UK10K Project

The UK10K Consortium, Nature 526, 82–90 (2015)

Summary of single-marker association results 

WGS sample
WGS+GWA

Beta 
(variant 
effect )

80% power at experimental 
significance level



The UK10K Project

The UK10K Consortium, Nature 526, 82–90 (2015)

Fold enrichment estimated across five (of 31 core) traits
min 10 independent SNVs associated with the trait at 10-7 P-value (permutation test) 
(HDL, LDL, TC, APOA1 and APOB).

Enrichment of single-marker association functional annotation 

DHS, DNase I hotspots



African Genome Variation Project



• Dense genotypes from 
1,481 individuals 

• Whole-genome sequences 
from 320 individuals 

• 18 African populations (2 
populations from 1000 
Genomes Project) 

Gurdasani et al.,Nature 517, 327–332 (2015)

African Genome Variation Project



Gurdasani et al.,Nature 517, 327–332 (2015)

African Genome Variation Project

Dating and proportion of Eurasian HG admixture among 
African populations. HG, Hunter Gatherer

SSA, sub-Saharan Africa 



Gurdasani et al.,Nature 517, 327–332 (2015)

• 29.8 Million SNPs
• 4xWGS data from Zulu, 

Ugandan and Ethiopian 
individuals (subsampled to 
100 samples each).

• 10-23% unshared (private 
variants) of the total 
number of variants in a 
given population. 

African Genome Variation Project



Gurdasani et al.,Nature 517, 327–332 (2015)

African Genome Variation Project

• novel variants (not in1000 
Genomes Project phase I)

• Ethiopia has highest



Gurdasani et al.,Nature 517, 327–332 (2015)

African Genome Variation Project

• relative allele 
frequencies



Gurdasani et al.,Nature 517, 327–332 (2015)

African Genome Variation Project

• relative allele 
frequencies



Francioli et al.,Nature Genetics 46, 818–825 (2014) 
Gudbjartsson et al., Nature Genetics 47, 435–444 (2015)

and more on the way…



Precision Medicine Initiative



Precision Medicine Initiative

http://www.nih.gov/news-events/multimedia-nih-framework-points-way-forward-building-
national-large-scale-research-cohort Credit: NIH

1 million participant research

http://www.nih.gov/news-events/multimedia-nih-framework-points-way-forward-building-national-large-scale-research-cohort


Precision Medicine Initiative

https://www.nih.gov/precision-medicine-initiative-cohort-program/scale-scope

• Develop ways to measure risk for a range of diseases 
based on environmental exposures, genetic factors and 
interactions between the two;

• Identify the causes of individual differences in response to 
commonly used drugs (commonly referred to as 
pharmacogenomics);

• Discover biological markers that signal increased or 
decreased risk of developing common diseases;

• Use mobile health (mHealth) technologies to correlate 
activity, physiological measures and environmental 
exposures with health outcomes;

• Develop new disease classifications and relationships;
• Empower study participants with data and information to 

improve their own health; and
• Create a platform to enable trials of targeted therapies.

https://www.nih.gov/precision-medicine-initiative-cohort-program/scale-scope


Precision Medicine Initiative

more soon…


