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International HapMap Project
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Thousand Genomes Project
http://www.1000genomes.org/
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A Global Reference for Human Genetic Variation
http://www.nature.com/nature/journal/v526/n7571/full/nature15393.html

Nature 526, 68-74 (October 1, 2015)
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An Integrated Map of Structural
Variation in 2,504 Human Genomes

Nature 526, 75-81 (October 1, 2015)
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NHS 100,000 Genomics England Project
http://www.genomicsengland.co.uk/
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NIH Precision Medicine Initiative
http://www.nih.gov/precisionmedicine/
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Single Nucleotide Polymorphisms (SNPs)
 in the Human Genome

• About 85 million sites in the human genome where
sequence variations have occurred

• About 30 million sites where variation exceeds 1% of
a particular population (MAF > 1%)

• Each ethnicity has its own distribution of SNPs
• About 4.1 to 5 million sites where any individual

varies from the reference human genome.
• Each person differs from others in 4.1 million places

(about 0.14% of the genome)
• SNP sequence variations are common, unlike disease

causing mutations which are rare.

GCTGTATGACTAGAAGATCGAT
GCTGTATGACGAGAAGATCGAT
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Single Nucleotide Polymorphisms (SNPs)
in the Human Genome

GCTGTATGACTAGAAGATCGAT
GCTGTATGACGAGAAGATCGAT

• SNPs can be used for identifying individuals and forensics  

• SNPs are used for mapping &
genome-wide association studies of complex diseases

• SNPs are used for ancestry tracking & family relationships

• SNPs are used to predict risk of common genetic diseases

• SNPs are used for classifying patients in clinical trials

• SNPs are used to predict drug sensitivity an adverse reactions

• SNPs are used for personalized medicine & pharmacogenomics

• While SNPs are linked with disease, they do not cause disease

• In short, SNPs are used as genetic markers

https://www.fbi.gov/about-us/lab/biometric-analysis/codis
https://www.ebi.ac.uk/gwas/
http://dna.ancestry.com/
https://www.23andme.com/
https://www.23andme.com/
https://www.23andme.com/
https://clinicaltrials.gov/
https://www.pharmgkb.org/
https://www.pharmgkb.org/
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The dbSNP Database
http://www.ncbi.nlm.nih.gov/books/NBK21088/pdf/ch5.pdf

http://www.ncbi.nlm.nih.gov/projects/SNP/
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The dbSNP Database
http://www.ncbi.nlm.nih.gov/books/NBK174586/
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A Primer of Genome Science
Chapter 3 Genomic Variation
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Types of SNPs
http://www.ncbi.nlm.nih.gov/books/NBK174586/

• Noncoding SNPs
– Promoters
– 5’ UTR
– 3’ UTR
– Introns
– Intergenic Regions
– Pseudogenes
– Regulatory

• Splicing
• Transcriptional regulation (promoter & transcription factor binding

sites)
• Translational regulation (initiation or termination)
• Regulatory miRNA target sites

• Coding SNPs
– Synonymous SNPs (third position variation)
– Replacement SNPs (change amino acid)

• Functional SNPs (acceptable amino acid replacement)
• Non-functional SNPs (traits & diseases)

http://www.ncbi.nlm.nih.gov/books/NBK174586/
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SNPs in Human Promoters that Cause Disease

© Gibson & Muse,  A Primer of Genome Science
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Human βHemoglobin Gene
http://www.ncbi.nlm.nih.gov/gene/3043
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Human βHemoglobin Gene SNPs
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?locusId=3043
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βHemoglobin Gene SNP rs11549406
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs=11549406
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Human β-Hemoglobin Variation Viewer
http://www.ncbi.nlm.nih.gov/variation/view/
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Origin of Haplotypes

© Gibson & Muse,  A Primer of Genome Science
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Linkage Disequilibrium and
Recombination Rate

© Gibson & Muse,  A Primer of Genome Science
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Linkage Disequilibrium (LD)
Across the Human LPL Gene

© Gibson & Muse,  A Primer of Genome Science
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Recombination hotspots are widespread and
account for linkage disequilibrium structure

7q21 © Gibson & Muse,  A Primer of Genome Science
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Recombination hotspots are widespread and
account for linkage disequilibrium structure

7q21
© Gibson & Muse,  A Primer of Genome Science
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Consensus binding site for PRDM9
http://www.ncbi.nlm.nih.gov/gene/56979

http://www.ncbi.nlm.nih.gov/gene/56979
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Observation of Haplotypes

© Gibson & Muse,  A Primer of Genome Science
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SNPs in Populations

© Gibson & Muse,  A Primer of Genome Science
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Sequence and Distance-Based
Phylogenies (evolutionary trees)

• Distance-based methods
– Branch lengths = D(i,j)/2 for

sequences i, j
– Distances must be metric
– Distances can refect time or

number of changes
– Distances must be relatively

constant per unit branch length 


