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Goals of the 1000 Genomes Project 







Local realignment and assembly: 
avoid mapping to the wrong reference! 

Original BAM 

Re-aligned 
BAM 



Genotype accuracy as a function of 
allele frequency 

Type Mean 

Accuracy 

homMAJ 97.7% 

het 97.9% 

homMIN 98.1% 

Type Mean 

Accuracy 

homMAJ 98.5% 

het 95.7% 

homMIN 95.8% 

CEU YRI 

Condition on sites being polymorphic in intersecting samples at HM2 sites, excluding HM3 sites (chr20 only), and SNP 
having been identified in 1000G 

Type Mean 

Accuracy 

homMAJ 98.9% 

het 96.6% 

homMIN 96.9% 

CHB/JPT 



Novel SNPs tend to be  
population-specific 



Goncalo Abecasis 











The impact of selection on 
genome regions around genes 

>100 kb from each gene there is reduced variation 



Refined view of the topology of 
recombination hotspots 



Three calling algorithms for  

de novo mutations 
ω UdeM - from alignment 

ω Sanger - from likelihoods 

ω Broad - from genotypes 

Conclusions: 

Å Germline de novo mutation rate = ~3 x10-8 per generation 

Å Somatic/LCL mutation rate = 7-12x higher than germline rate 

Å Male mutation rate ~7x higher than female mutation rate 

Follow-up of ALL candidates 
Å Capture + SOLID sequencing 

Å PCR + Illumina sequencing 

In trios + additional samples  
 

11 grandchildren 

>30X genome-wide 
sequencing 

 

Union:  

~3,000 candidates 

per trio 

de novo mutation 



Major population groups comprised of subpopulations of ~100 each 

CEU 

JPT 
CHB 

YRI  

LWK  

MXL  

ASW 

GBR 
FIN 

TSI 

CHS 

CLM 

PUR 

1200 samples to 4x now 

2500 samples end 2011 

IBS 
CDX 

KHV 
GWD 

ACB 

AJM 

PEL 

PJL 

GHN 

MAB 

ADH 

KAK 

RDH 

MRM 

Pilot project 180 samples  



What more do we expect to 
discover from ultra -deep 

resequencing? 



Flanagan et al. 2009 Human Mutation 

There are >3000 mutations in Dystrophin  

(Ascertained cases of muscular dystrophy) 



13,715 people of European ancestry 

Four U.S. cities 

Longitudinal medical records for 20 years. 

Accumulating endpoints . 

 

 



Sequencing error in huge samples  

ÅSequencing 13.4 kb in 13,715 

individuals produces 150 Mbp.   

ÅIf the error rate for a single base call is 

one in 100,000, we would still have 

1500 false positive SNP calls. 

ÅStandard SNP calling methods are not 

up to the task. 



Developed a discriminator with 
useful estimates of error rate  

Alex Coventry 



Sequencing results  

Å52 PCR amplicons in HHEX and KCNJ11 

were sequenced in 13,715 people. 

ÅMore than 578 SNPs and 52 indels were 

detected (156 inferred to be ñdamagingò). 

ÅFor validation, amplicons with the called 

SNPs were re-sequenced by 454 (at the 

Baylor Genome Center). 



Validation of posterior probability calls  

Posterior probability of SNP calls 
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 Site frequency spectrum from  
a small subsample 

HHEX 

Subsample n = 60 

14 SNPs 



Site frequency spectrum from  
a slightly larger sample  

HHEX 

Subsample n = 200 

32 SNPs 



The full site frequency spectrum  

HHEX 

n = 13,715 

570 SNPs 



KCNJ11                                                                  HHEX 

Pronounced excess of rare variants  

Count of minor allele Count of minor allele 



Why so many rare variants?  
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World Population Size, 10,000 B.C. to Present  

Source of Data: McEvedy and Jones 1978, UN 1994 



World Population Growth Rate  



World Population Size  
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Super-exponential growth of human population  

Cohen J 1995 How Many People can the Earth Support? 
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Recent super -exponential growth  

Cohen J 1995 How Many People can the Earth Support? 



An expanding population 
distorts the genealogy, giving 

an excess of rare variants.  



Observed site frequency spectra  

Count of the derived allele 
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How many excess rare 
variants should there be 

given the human population 
explosion? 



Human demographic models:  
fitted to older, common SNPs  
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Gutenkunst et al. 2009 PLos Genet 5:1 



Variant age and frequency  

Common SNPs are  

generally older. 

Recent mutations give rise 

to rare variants. 



Age distribution of alleles given their frequency  

Allele age in generations 



Recent explosive population growth  
fits the site frequency spectrum well  
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                                       Count of the minor allele Alex Coventry 



What happens when the sample 
size exceeds Ne ?  

ÅThe effective size of humans, with 

respect to genetic variation, is ~10,000. 

ÅThe ARIC sample size is 1.5 times this. 

ÅDoes standard theory apply? 



The coalescent as balls - in- boxes 

offspring 

parents 

n 

Ne 

John Wakeley 



The coalescent as balls - in- boxes 

offspring 

parents 

Retain 5 distinct lineages.   Repeat over and over. 

Ne 

n 



The coalescent as balls - in- boxes 

A coalescence event!! 

Ne 

n 



The neutral coalescent  

Kingman showed that the time to  

successive coalescences  is: 
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As the sample size increases, there 
is a chance for multiple coalescences  

n 

Ne 



As the sample size increases, there 
is a chance for multiple coalescences  

If n = 13,715 and Ne = 10,000, the first generation 

will have nearly 2000 coalescence events. 

Ne 

n 



 Standard Kingman coalescent          Genealogy with n å Ne 



 Standard Kingman coalescent          Genealogy with n å Ne 

Huge sample size inflates the proportion of rare variants 



Decoupling of Ne and  in very 
large samples 

ÅWhen the tree is sufficiently tip-heavy, 

closely related lineage accumulate 

differences at a Poisson rate. 

ÅThis allows nearly direct estimation of 

the mutation rate, . 

Wakeley and Takahashi 2003 MBE 



Joint likelihood surface of mutation and growth rates (HHEX)  

 r  = 0.7%,  = 4.90 x 10 -8 

Alex Coventry 



Joint likelihood surface of mutation and growth rates (KCNJ11)  
r  = 1.3%,  = 5.10 x 10-8 

Alex Coventry 



What proportion of SNPs 
found in each new full 

genome sequence do we 
expect to be novel?  



Bryc et al., submitted  



with Alon Keinan 

Simulating SNP discovery with explosive population growth 


