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e |nternational project to construct a foundational data set for
human genetics

— Discover virtually all common human variations by
investigating many genomes at the base pair level

— Consortium with multiple centers, platforms, funders
e Aims
e Discover population level human genetic variations of all
types (95% of variation > 1% frequency)
e Define haplotype structure in the human genome

e Develop sequence analysis methods, tools, and other
reagents that can be transferred to other sequencing
projects
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Pilot results published

ARTICLE

doi:10.1038/nature09534
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The 1000 Genomes Project Consortium*

OPEN 8 ACCESS Freely available online PI ‘OS

A Comprehensive Map of Mobile Element Insertion
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Finalized project design

* Based on the result of the pilot project, we
decided to collect data on 2,500 samples from 5

continental groupings
— Whole-genome low coverage data (>4x)
— Full exome data at deep coverage (>50x)

— A number of deep coverage genomes to be
sequenced, with details to be decided

— Hi-density genotyping at subsets of sites
* Moved from the Pilot into Phase 1 of the project
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Phase | data

e Samples from 14 populations: ASW, CEU, CHB,
CHS, CLM, FIN, GBR, IBS, JPT, LWK, MXL, PRU,
TSI, YRI

Dataset Low coverage whole Deep coverage whole
genome exome

# samples 1,094 1,128

Sequencing technologies Illumina, SOLID, 454 lllumina, SOLiD

Primary alignments BWA, BFAST MOSAIK, BFAST

(BAMs)

Second alignments MOSAIK BWA, MOSAIK

(BAMs)

Read coverage 4-8X per sample >70% of targets with 220X

coverage in every sample



Raw data & read alighment delivery
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Phase 1 analysis goal: an integrated
view of human variations

* Reconstruct haplotypes including all variant types, using

all datasets _
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Pipelines for data processing and
variant calling

* Tens of analysis groups have contributed
* [ndividual pipelines and component tools vary

e Typical main steps:
— Read mapping
— Duplicate filtering
— Base quality value recalibration
— INDEL realignment
— Variant calling (sites)
— Sample genotype calling (sometime part of variant calling)
— Variant filtering / call set refinement
— Variant reporting



SNPs
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SNP calls

Dataset Contributing Consensus #SNPs  #Novel Novel %ONMIpoly %OMNI mono
datasets method SNPs Ts/Tv (sensitivity) (FDR)

Low coverage BC, BCM, BI, VQSR 37.9M 29.65M 2.16 98.4 1.80
NCBI, UM

Exome/ BC, BCM, BI, SVM 598K 468K 2.74 98.01 1.97

llumina Cornell, UM

Exome/SOLID BC,BCM, UM SVM 356K 243K 2.91 90.67 1.29
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Deep coverage exome data is more
sensitive to low-frequency variants
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Newly discovered SNPs are mostly at low
frequency and enriched for functional variants

Functional category Non-synonymous: Condel score
o _
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Enza Colonna, Yuan Chen, Yali Xue




INDELS
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INDEL calls

Dataset Contributing datasets Consensus method  #INDELs
Low coverage BC, Bl, DI, OX, SI VQSR 5.5M
Exome/lllumina BC, BCM, BI N.A. 6.5-10.2K
Exome/SOLID BCM N.A. 4.2 -5.0K

Guillermo Angel



INDEL length




Finding structural variants
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SNP validations (low coverage data)

Confirmation Failure

Total Polymorphic Monomorphic No Call

Rate Rate
All Sites 300 282 12 6 0.959 0.020
Called in
Validation 287 276 5 6 0.982 0.021
Samples
Singletons 70 65 3 2 0.956 0.029
MAF<0.01* 134 131 2 1 0.985 0.007
0.01<MAF<0.05 33 33 0 0 1.000 0.000
MAF>0.05 50 47 0 3 1.000 0.060

*Excludes singletons Danny Challis, Eric Banks



Genotypes are accurate

* Average low coverage depth is ~5x

 We obtain genotypes by sharing data between
samples (using imputation-related methods)

Errorrate 0.16% 0.76% 0.39% 0.37%

* Genotypes are expected to be even more
accurate after integration of multiple variant
sources



% of genomic bases excluding gaps

Accessible fraction of genome

Genomic coverage of mask types * In the Pilot data, we found that
>80% of the human genome
reference was accessible for
SNP variant calling

90.00%
80.00%
70.00%
60.00%

50.00%

 We are currently re-evaluating
>10% this fraction for the Phase 1
data (which used longer reads)

40.00%

30.00% non-unique depth
20-00% mapping too high
10.00% No « We are developing methods to
M&D coverage . .
0.00% estimate the fraction for other
mask=0 mask=M mask=B mask=D mask=- VarlantS (espeC|a”y INDELS)

Goncalo Abecasis



Variant call delivery

Format: VCF

#CHROM POS i) REF ALT  QUAL FILTER INFO FORMAT NA000O1 NA00002

20 14370 rs6054257 G A 29 0 NS=3;DP=14;AF=0.5;DB;H2 GT:GQ:DP:HQ 0[0:48:1:51,51 1/0:48:8:51,51
20 17330 . T A 3 ql0  NS=3;DP=11;AF=0.017 GT:GQ:DP:HQ 0]0:49:3:58,50 0[1:3:5:65,3
20 1110696 rs6040355 A G,T 67 0 NS=2;DP=10;AF=0.333,0.667;AA=T;DB GT:GQ:DP:HQ 1|2:21:6:23,27 2|1:2:0:18,2
20 1230237 . T 47 0 NS=3;DP=13;AA=T GT:GQ:DP:HQ 0|0:54:7:56,60 0|0:48:4:51,51
20 1234567 microsatl G D4 IGA 50 0 NS=3;DP=9;AA=G GT:GQ:DP  0/1:35:4 0/2:17:2

ftp://ftp.1000genomes.ebi.ac.uk
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Data

1000 Genomes Pilot

A Deep Catalog of Human Genetic Variation

delivery

Tools | Help

v
Start Browsing 1000 Genomes data

Browse Human —
NCBI 36

Transcript SNP view —
View the consequences of sequence variation at the level of each transcript in
the genome.

Sequence Alignment View —
Shows read-depth data alongside SNPs

Pilot Browser

based on the full pilot project data described in A map of human genome
variation from ulation-scale uencing , Nature 467, 1061.1073.

Please see www.1000genomes.org for more information about the data
presented here and instructions for downloading the complete data set.

® View sample data

1000 Genomes Pilot release 7 - May 2011 © EBI

The 1000 Genomes Browser

Ensembl-based browser provides access to 1000genomes data

This browser represents the variant set analysed as part of A map of human genome
variation from ulation-scale sequencing , Nature 467 ,1061.1073. The data behind this
browser can be found on the 1000 Genomes ftp site. This data can also be found in Ensembl
and UCSC.

1000 Genomes —
More information about the 1000 Genomes Project on the 1000 genomes main
site.

The 1000 Genomes Project is an international collaborative project described at
www.1000genomes.org.
The 1000 Genomes Browser is based on Ensembl web code.

Ensembl is a joint project of EMBL-EBI

BYsanger
The logo image courtesy of Andy Martin

and the Wellcome Trust Sanger Institute

About 1000 Genomes | Contact Us | Help




The 1000GP is a driver for method and
tool development

 New data formats (SAM/BAM, VCF) developed
by the 1000GP are now adopted by the entire
genomics community

* Tools (read mappers e.g. BWA, MOSAIK, etc;
variant callers including those for SVs)

* Data processing protocols (BQ recalibration,
duplicate read removal, etc.)

* I[mputation and haplotype phasing methods



Tools for analyzing & manipulating
1000G data

=
|
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Allgnments SAM/BAM

* samtools: http://samtools.sourceforge.net/

* BamTools: http://sourceforge.net/projects/bamtools/

* GATK: http://www.broadinstitute.org/gsa/wiki/index.php/
The_Genome_Analysis_Toolkit

#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT NAOOOO1 NAOOOOZ

20 14370 rs6054257 G A 29 0 NS=3;DP=14;AF=0.5;DB;H2 GT:GQ:DP:HQ 0|0:48:1: g1 -

20 17330 . T A 3 qlo NS=3;DP=11;AF=0.017 GT:GQ:DP:HQ 0|0:49:3:

20 1110696 rs6040355 A G,T 67 0 NS=2;DP=10;AF=0.333,0.667;AA=T;DB GT:GQ:DP:HQ 1|2:21:6:

20 1230237 . 47 0 NS=3;DP=13; AA=T GT:GQ:DP:HQ 0|0:54: 7 Va rla ntS VCF
20 1234567 microsatl G D4 IGA 50 0 NS=3;DP=9;AA=G GT:GQ:DP 0/1:35:

* VCFTools: http://vcftools.sourceforge.net/
* VcfCTools: https://github.com/AlistairNWard/vcfCTools



Project timeframe (approximate)

Phase 1

— Raw data, alignments available

— Integrated variant set available

— Phase 1 analysis paper by end of 2011

Phase 2
— Raw data mid-December 2011
— Read mapping, variant calling early 2012

Phase 3

— Samples end March 2012

— Data Summer 2012

— Call sets end of 2012, Final paper 20137

End of the project

Richard Durbin



Fraction of variant sites present in
an individual that are NOT already
represented in dbSNP

February, 2000 98%
February, 2001 80%
April, 2008 10%
February, 2011 2%

October 2011 (now) <1%

Ryan Poplin, David Altshuler



