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Any two copies of the human genome 
have 1 difference per every 1000 bases 
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Variation Types 
•  Cytological level: 

–  Chromosome numbers 
–  Segmental duplications, rearrangements, and 

deletions 
•  Molecular level: 

–  Transposable Elements 
–  Short Deletions/Insertions, Tandem Repeats 

•  Sequence level: 
–  Single Nucleotide Polymorphisms (SNPs) 
–  Small Nucleotide Insertions and Deletions (Indels) 

C/T G/A G/A 
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Variation is useful 

•  Determine disease risk 
•  Predict reactions to environmental 

triggers 
•  Predict responsiveness to drug 

treatments 
•  Forensics  
•  Evolution & migration 
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The Source of Variation – SNP’s 
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Types of SNPs 

•  Genic, coding SNPs 
•  Frameshift 
•  Splice site 
•  Non-synonymous 
•  Synonymous (splice enhancer/suppressor?) 

•  Genic, non-coding SNPs 
•  Untranslated region 
•  Regulatory SNPs 
•  Intronic SNPs 
 

•  Intergenic 
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DNA 

Phe Tyr Asn Met .  .  . .  .  . 
289 290 291 292 

T T T	
 T A C	
 G G C	
 A T G	
.  .  .	
 .  .  .	


Coronary disease: 
LDL receptor gene 

His Ser Gly Arg .  .  . .  .  . 
167 168 169 170 

Drug metabolism:  
The CYP2D6  gene 

C A C T C C G G A  C G C .  .  . .  .  . T

Ser 

T

Stop 

Asp Gly Arg .  .  . .  .  . 
504 505 506 507 

Arg 

Deep-vein thrombosis:  
The Factor V gene 

APC cleavage 

Gln 

mRNA 
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From Sawcer ACTRIMS 2008 

The Genetic Architecture of Complex Disease 
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Classical association studies 

Control Disease 

Common allele 
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“Mutation enrichment” association studies 

Control Disease 

Rare alleles 
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Hardy and Singleton NEJM 2009 
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Missing heritability question 

 
-  Twin studies reveal of extent of genetic inheritance 
 
-  Many quantitative traits e.g height are >50% heritable 

-  GWAS typically explains <<20% of phenotype 

Possible answers? 
 
-  GWAS are too small 

-  Meta-analysis does increase measured heritability 
 
-  Rare alleles (strong effect) 

-  Epistasis 
-  Complex genetic interactions e.g. limiting pathway 
 

-  Epigenetics 
-  Transgenerational environmental effects 
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Genome wide association studies 
 

– Common (5%) variants, common disease 
– http://www.genome.gov/26525384 

Change in approach 

•  Importance of rare variants in common disease 
•  1000 Genome project (<0.05% variants) 

– www.1000genomes.org 
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Personalised Genomes 

SNPs + indels, SV, CNV & unique content  



The Open Door Workshop 

Individual SNPs Novel 

J. C. Venter 3,074,574 160,370 

J. Watson 2,060,544   98,926 

Chinese 3,074,061   84,786 
Korean 3,439,097 130,566 

NA19240 
(Yoruban) 

3,586,490 216,968 

D. Tutu (Bantu) 3,624,334 412,754 

KB1 (Khiosan) 4,053,781 743,714 

1000 genomes 17.3 million 9 million 

Schuster et al. Nature 463, 943-947, and Via et al. Genome Medicine 2:3   
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Every Genome? 

www.everygenome.com 

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

Direct to consumer (DTC) marketing 
of genome sequencing 
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Worked example 1:  
From microarray to polymorphisms 
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The International HapMap Consortium, Nature 2003 

(4 haplotypes in the  
population for a 
6000 bp region) 

Haplotypes 
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Linkage and Haplotypes 

Recombination, mutation 
and selection 

The International HapMap project 
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The International HapMap Project 
•  Phase I: 270 samples from four populations of Yoruban, 

Asian and European decent  
-  90 samples from US Utah population with European 
ancestry (30 CEPH trios) 
–  90 Yoruba samples (Nigeria, 30 trios) 
–  45 unrelated Japanese samples 
–  45 unrelated Chinese samples 

•  Phase II: Native American, Japanese, Kenyan, Mexican 
and Italian  
•  Only sex and population membership known, no 

clinical phenotypes 
•  Trios used to assess genotyping accuracy 

(Mendelian inheritance) 
•  Phase III: seven populations genotyped with >1.5 M 

SNPs 
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Worked example 2: HapMap  


