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850 individuals, 40 populations 
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FST is the amount of genetic variation that is due to population differences 

HT is the total heterozygosity (variation) in the sample 

HS is the average heterozygosity within each population (continent) 

FST = 0:  All variation exists within populations; none exists between 

FST = 1:  All variation exists between populations 
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Common SNPs 
previously identified in 
dbSNP 

New rarer SNPs 
identified by 
sequencing 

Durbin et al., 2010, Nature 
(1000 Genomes Project) 

Rare alleles 
(frequency < 5%) 
don’t affect FST very 
much. 

Average allele frequency 
difference between 
populations: 15% 
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Watkins et al., 2003, Genome Res. 13: 1607-18 

Africa 
Asia 
Europe 
S. India 
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Xing et al., 2010, Genomics 

Xing et al., 2010, Genomics 
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                 525,910 SNPs                                396 copy number variants (CNVs) 

Jakobsson et al., 2008, Nature 451: 998-1003 

J. Xing et al., 2010, Genomics 
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•  Microarray SNPs are selected for higher 
frequency and diversity in Europeans 

•  Complete DNA sequences are unbiased 
and include information about rare variants 

Gravel S et al. PNAS 2011;108:11983-11988 



NHGRI Current Topics in Genome Analysis 2012 
Week 7: Introduction to Population Genetics 

March 7, 2012 
Lynn Jorde, Ph.D. 

13 

•  mtDNA sequences from 12 Neanderthal skeletons show 
no evidence for recent shared polymorphisms 

•  Evidence for mixture from nuclear sequence (1.3x 
coverage): 1-4% of modern human DNA has 
Neanderthal origins (Green et al., 2010, Science) 
•  Only non-Africans share DNA with Neanderthals 
•  Neanderthal DNA sharing is seen in all non-African populations 
•  Could some of the shared sequences have adaptive 

significance? 
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ATGCTGCTCTCG 

ATGCTGCTCTCG 
ATGCAGCTCTCG 

TTGCAGCTCTCC 

TTGCAGCTCTCC 

ATGCTGCTCTCG 

ATGCAGCTCTCG 

TTGCAGCTCTCC 

0 1 4 6 Edwards 

. 0 3 5 Clinton 

. . 0 2 Romney 

. . . 0 Santorum 

Edwards Clinton Romney Santorum 
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Distance matrix: % disagreement 

Thanks to: Steve Guthery, MD 

Distance matrix: % disagreement 

Neighbor-joining network 

Thanks to: Steve Guthery, MD 
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Jorde and 
Wooding, 2004, 
Nat. Genet., 36: 
S28-S33 
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Jorde and 
Wooding, 2004, 
Nat. Genet., 36: 
S28-S33 
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European 
European 

European 
European 

European Korean 

Chinese 

African 

African 

African 

B. Moore et al., 2011, Genetics in Medicine 
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European 
European 

European 
European 

European Korean 

Chinese 

African 

African* 

African* 

Helicos 

Roche 454 

ABI Solid 

Complete 
Genomics Sanger 

Illumina 

Illumina 

ABI Solid 

Illumina 

ABI Solid 
B. Moore et al., 2011, Genetics in Medicine 
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Africans 

Europeans 

E.Asians 

Indians 
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J. Xing et al., 2010, Genomics 
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Individual traits 
or genotypes 
are shared 
across 
populations and 
differ only in 
their 
frequencies 
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57% European 
39% Native American 
4% East Asian 
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“African-American” “African-American” 
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IWPC, 2009, N. Engl. J. Med. 360: 753-64 
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A b          18% 

b          12% 

B          28% a 

a 

A B          42% 
Haplotypes: 

F(A) = 60% 

F(a) = 40% 

F(B) = 70% 

F(b) = 30% 
A B          60% 

b          30% a 

B          10% a 
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Common ancestor, many 
generations removed 
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A  B  C  D  E  F  G  H  I  J  K  L  M  N 

a b c d e f g h i j k l m n 

“Old” population:  many generations 
for recombinations to occur 

Many different haplotypes in 
smaller blocks 

A  b c  D  E  f  g  H  I  J  k  l  M  N 

a  B  C d  e  F  G  h i j K  L  m n        

A  B  c d E  f g H  I  j k L  M  n 

a  b  C  D  e  F  G  h i  J  K  l m  N 

A  B  C  D  E  F  G  H  I  J  K  L  M  N 

a b c d e f g h i j k l m n 

“Young” population:  few generations 
for recombinations to occur 

Fewer haplotypes in larger 
blocks: more disequilibrium 

A  B  C  D  E  F  g h I j k l m n  

a b c d e f  G  H  I  J  K  L  M  N 

Mutation 

Mutation 
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Haploview; red = high LD 
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Recombination 
elevated at least 
10X in a 1-2 kb 
region 

Altshuler et al., 2008, Science 
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Voight et al., 2006, PLOS Biology 4: 446-458 

Simonson et al., 2010, Science 

•  Crohn	  disease	  is	  a	  chronic	  disorder	  of	  the	  intes/nal	  
tract	  with	  a	  prevalence	  of	  approximately	  0.2%.	  	  	  

•  IBD5	  is	  a	  250	  kb	  mul/-‐gene	  haplotype	  that	  is	  
strongly	  associated	  with	  Crohn	  disease	  in	  Europeans.	  

•  Mul/ple	  GWAS	  have	  reported	  associa/on	  between	  
Crohn	  disease	  and	  SNPs	  in	  the	  OCTN1	  gene	  in	  the	  
IBD5	  region.	  

Huff et al., 2011,  Mol. Biol. Evol. 
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• Arose approximately 12,000 years ago; freq. 30-50% in Europe. 
• 503F is a gain-of-function mutation that increases ergothioneine 
substrate efficiency by 300%. 

Sample	   iHS	   p-‐value	  

HapMap	  CEU	   -‐3.1	   0.0007	  

HGDP	  Russian	   -‐2.75	   0.0044	  

HGDP	  Sardinian	   -‐2.76	   0.0075	  

HGDP	  French	   -‐2.64	   0.0076	  

HGDP	  Basque	   -‐2.37	   0.0128	  

Huff et al., 2011, Mol. Biol. Evol. 
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OCTN1	   IRF1	  OCTN1	   IRF1	  

IRF1 is involved in innate immunity and 
clearance of intracelluar bacteria 

Odds	  ra/o:	  	  1.24	  
p=2.6x10-‐8	  

Frequency	  in	  controls:	  	  32%	  	  
(37%	  in	  cases)	  

Odds	  ra/o:	  	  1.05	  
p=0.2	  

Frequency	  in	  controls:	  	  10%	  

OCTN1	   IRF1	  OCTN1	   IRF1	  

IRF1 is expressed 72% more 
highly in Crohn disease 
intestinal tissue than in control 
tissue; no other gene in IBD5 
region shows expression 
differences 

Huff et al., 2011, Mol. Biol. Evol. 
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Tag SNP 

For genome-wide association studies, “complete” coverage is given by about 1.6 million 
SNPs for African populations, 600,000 to 1M SNPs for non-African populations 

Published Genome-Wide Associations through 06/2011, 
1,449 published GWA at p≤5x10-8 for 237 traits 

NHGRI GWA Catalog 
www.genome.gov/GWAStudies 
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•  1000 Genomes Project 
– Provides “control sequences” for variant 

analysis 
– Most rare alleles are not shared among 

populations (Gravel et al., 2011, PNAS) 
•  When is a variant functionally significant?  

– Evidence of purifying selection (elimination of 
deleterious variants) [Yandell et al., 2011, 
Genome Res.] 

– Evolutionary conservation among species 
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