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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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HapMap II, 210 individuals, 4 populations 

Fst = 15.2% 
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554 Individuals, 27 populations 

Fst = 12.3% 

850 Individuals, 40 populations 

Fst = 11.3% 
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Schuster et al., 2010, Nature 
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Watkins et al., 2003, Genome Research 13: 1607-18 

Africa 
Asia 
Europe 
S. India 

Africa 
E.Asia 
Europe 
S. India 
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                 525,910 SNPs                                396 copy number variants (CNVs) 

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

European 
European 

European Korean 

Chinese 

African 

African 

African 

Courtesy of Mark Yandell, PhD 
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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 Courtesy of Mark Yandell, PhD 

Huff et al., 2010, PNAS 
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Huff et al., 2010, PNAS 
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Africans 

Europeans 

E.Asians 

Indians 
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250K SNPs 
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Individual traits 
or genotypes 
are shared 
across 
populations and 
differ only in 
their 
frequencies 



NHGRI Current Topics in Genome Analysis 2010 
Week 7: Introduction to Population Genetics 

March 2, 2010 
Lynn Jorde, Ph.D 

26 



NHGRI Current Topics in Genome Analysis 2010 
Week 7: Introduction to Population Genetics 

March 2, 2010 
Lynn Jorde, Ph.D 

27 



NHGRI Current Topics in Genome Analysis 2010 
Week 7: Introduction to Population Genetics 

March 2, 2010 
Lynn Jorde, Ph.D 

28 

“African-American” “African-American” 
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Hundreds of thousands of 
different DNA sequences 
can be placed on a single 
array 

These sequences are 
compared with DNA from a 
patient to test for mutations 

Signals are rapidly 
processed by a computer 



NHGRI Current Topics in Genome Analysis 2010 
Week 7: Introduction to Population Genetics 

March 2, 2010 
Lynn Jorde, Ph.D 

31 

A 

B 

C 

D 

E 

a 

b 

c 

d 

e 

A 

B 

C 

D 

E 

a 

b 

c 

d 

e 

A 

B 

C 

D 

E 

a 

b 

c 

d 

e 

Haplotype 1 Haplotype 2 



NHGRI Current Topics in Genome Analysis 2010 
Week 7: Introduction to Population Genetics 

March 2, 2010 
Lynn Jorde, Ph.D 

32 

A 

B 

C 

D 

a 

b 

c 

d 

E e e E 
Crossover 

Crossovers occur during 
meiosis, producing 
recombination of alleles 
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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 

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 

a b c d e   F G H I  j  k l m n 

a b c d e   f  G H I JK  l  m n 

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

Cystic fibrosis mutation 
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Common ancestor, many 
generations removed 



NHGRI Current Topics in Genome Analysis 2010 
Week 7: Introduction to Population Genetics 

March 2, 2010 
Lynn Jorde, Ph.D 

35 



NHGRI Current Topics in Genome Analysis 2010 
Week 7: Introduction to Population Genetics 

March 2, 2010 
Lynn Jorde, Ph.D 

36 

r = 1: complete disequilibrium 

r = 0: no disequilibrium 

Jorde et al., 1994, Am. J. 
Hum. Genet. 54: 884-98 
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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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Bonnen et al., 2006, Nat. Genet. 38: 214-7 
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Tag SNP 

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

Xing et al., 2008, Genomics 
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Recombination 
elevated at least 
10X in a 1-2 kb 
region 
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Voight et al., 2006, PLOS Biology 4: 446-458 
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Region identified initially by 
linkage; refined by LD 

Disease-causing gene 

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 
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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        

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 
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439 published GWA at p < 5 x 10-8 
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