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Part 1: 
Ancient Hominds



Timeline of ancient hominids



Part 1I: 
Modern Humans





1000 Genomes Populations



1000 Genomes Populations

26 populations from 5 major population groups



1000 Genomes: Human Mutation Rate
• Phase 1 Release

– 1092 individuals from 14 populations
– Combination of low coverage WGS, deep 

coverage WES, and SNP genotype data

• Overall SNP rate between any two people is 
~1/1200bp to ~1/1300
– ~3M SNPs between me and you (.1%)
– ~30M SNPs between human to 

Chimpanzees (1%)

• De novo mutation rate ~1/100,000,000
– ~100 de novo mutations from generation to 

generation
– ~1-2 de novo mutations within the protein 

coding genes

An integrated map of genetic variation from 1,092 human genomes
1000 genomes project (2012) Nature. doi:10.1038/nature11632



Human Mutation Types

A map of human genome variation from population-scale sequencing
1000 genomes project (2010) Nature. doi:10.1038/nature09534

• Mutations follows a “log-normal” frequency distribution
– Most mutations are SNPs followed by small indels followed by larger events



(2012) Science. doi: 10.1126/science.1215040



Homozygous LoF Mutations
• Homozygous LoF mutations are 

rare in most people, but enriched in 
people born from consanguineous 
relationships

• Sequence the exomes of many such 
people, find their homozygous LoFs, 
relate to 200 biochemical or 
disease traits

• A “natural” experiment to 
understand what genes do: people 
with both copies of APOC3 
disabled can clear fat from their 
bloodstream much faster than 
others, suggests we should develop 
compounds to prevent heart 
attacks

(2017) Nature. doi:10.1038/nature22034



Variation across populations

• Not a single variant 100% unique to a given population 
• 17% of low-frequency variants (.5-5% pop. freq) observed in a single ancestry group
• 50% of rare variants (<.5%) observed in a single population



Variation across populations

• Not a single variant 100% unique to a given population
• 17% of low-frequency variants (.5-5% pop. freq) observed in a single ancestry group
• 50% of rare variants (<.5%) observed in a single population

Asians

Europeans

Americas African



ExAC: Exome Aggregation Consortium
• The aggregation and analysis of high-

quality exome (protein-coding 
region) DNA sequence data for 
60,706 individuals

• This catalogue of human genetic 
diversity contains an average of one 
variant every eight bases of 
the exome

• We have used this catalogue to 
calculate objective metrics of 
pathogenicity for sequence variants, 
and to identify genes subject to 
strong selection against various 
classes of mutation; identifying 
3,230 genes with near-
complete depletion of 
predicted protein-truncating

Analysis of protein-coding genetic variation in 60,706 humans
Lek et al (2016) Nature. doi:10.1038/nature19057



Genes mirror geography within Europe
Novembre et al (2008) Nature. doi: 10.1038/nature07331



dbSNP

• Periodic release of 
databases of known 
variants and their 
population 
frequencies

• Generally assumed 
to be non-disease 
related

• However, as catalog 
grows, almost 
certainly to contain 
some medically 
relevant SNPs.



Part 3: 

Pre-genome Genetic 
Medicine



Sickle Cell Anaemia
• Sickle-cell anaemia (SCA) is an abnormality in the 

oxygen-carrying protein haemoglobin 
(hemoglobin S) found in red blood cells. First 
modern clinical description in 1910s

• The genetic basis of sickle cell disease is an 
A-to-T transversion in the sixth codon of 
the HBB gene.

• The mutation was actually found in the protein 
sequence first in the 1950s! Occurs when a 
person inherits two abnormal copies of the 
haemoglobin gene, one from each parent. 
Interestingly, heterozygous patients also incur a 
resistance to malaria infection, contributing to its 
prevalence in Africa where malaria infections 
remain a major disease

OMIM: SICKLE CELL ANEMIA
https://www.omim.org/entry/603903



Huntington’s Disease

Gusella et al (1983) Nature. doi:10.1038/306234a0



Huntington’s Disease

Gusella et al (1983) Nature. doi:10.1038/306234a0



Huntington’s Disease



Huntington’s Disease



Human disease genes
Jimenez-Sanchez, G., Childs, B. & Valle, D. (2001) Nature 409, 853–855 



Part 4: 

Post-genome
Inherited Diseases



Genome-wide association studies for common diseases and complex traits
Hirschhorn and Daly (2005) Nature Review Genetics

“Genome-wide linkage analysis has also been carried out for many common diseases 
and quantitative traits, for which the aforementioned characteristics of Mendelian 
diseases might not apply. In some cases, genomic regions that show significant 
linkage to the disease have been identified, leading to the discovery of variants that 
contribute to susceptibility to diseases such as inflammatory bowel disease (IBD), 
schizophrenia and type 1 diabetes. 

However, for most common diseases, linkage analysis has achieved only limited 
success, and the genes discovered usually explain only a small fraction of the overall 
heritability of the disease.”



Genome-wide association studies for common diseases and complex traits
Hirschhorn and Daly (2005) Nature Review Genetics

Old Approaches:
Candidate Genes, Pedigrees, Marker analysis New 

Approach
Future



A DNA microarray is a collection of microscopic DNA 
“spots” attached to a solid surface. 

• DNA microarrays can measure the expression 
levels of large numbers of genes simultaneously or 
to genotype multiple regions of a genome. 

• Each DNA spot contains picomoles (10−12 moles) 
of a specific DNA sequence, known as probes (or 
reporters or oligos). 

• Very cost effective (~$10) for millions of probes at 
once





Genome Wide Association (GWAS)

Are these significant 
differences in frequencies?



Pearson�s Chi-squared test

Cases/hasG expected: 4000 * (4780/10000) = 1912 expected
Cases/hasG squared deviation: (2104 – 1912)2 / 1912 = 19.28 deviation

The chi-square statistic is 19.28+17.66+12.85+11.77 = 61.56. The p-value is 5e-15



Genome Wide Association (GWAS)

Chi-squared or 
similar test



Genome Wide Association (GWAS)

Chi-squared or 
similar test

With a (much) larger 
population, this might 

be a significant 
difference in rate:
25320/60000 => 

p = 5e-7



The curse of multiple testing



The curse of multiple testing



The curse of multiple testing



Manhattan Plot

Four Novel Loci (19q13, 6q24, 12q24, and 5q14) Influence the Microcirculation In Vivo
Ikram et al (2010) PLOS Genetics. doi:  10.1371/journal.pgen.1001184



Manhattan Plot

Four Novel Loci (19q13, 6q24, 12q24, and 5q14) Influence the Microcirculation In Vivo
Ikram et al (2010) PLOS Genetics. doi:  10.1371/journal.pgen.1001184

Genome-wide significance: 5e-8

Marker significance: 1e-5 Significant loci



Regional Association Plot



Regional Association Plot

Why does it look like this?
Which is causal?



First published GWAS



First published GWAS



GWAS Catalog

http://www.ebi.ac.uk/gwas/diagram

As of 2020-03-08, the GWAS Catalog contains 
4493 publications and 179364 associations.



ClinVar

• ClinVar is a freely 
accessible, public 
archive of reports of 
the relationships 
among human 
variations and 
phenotypes, with 
supporting evidence

• Currently has 295k 
mutations

• Most (179k) variants 
have uncertain affect, 
only 23 have “4 
stars” of signifance



OMIM

• For many different 
diseases and 
phenotypes, lists what 
are all of the known 
genetic associations

• Has records for nearly 
all genes, ˜5k different 
conditions with 
known molecular 
basis, ˜1k with 
unknown basis, ˜1k 
with questionable 
basis

• Started at JHU 50 
years ago J



Nature 511, 421–427 (24 July 2014) doi:10.1038/nature13595
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Nature 511, 421–427 (24 July 2014) doi:10.1038/nature13595

rs115329265: A -> G substitution
86.4% of cases!



Nature 511, 421–427 (24 July 2014) doi:10.1038/nature13595

rs115329265: A -> G substitution
86.4% of cases!
But 85.0% of controls!?! 
:-(



Nature 511, 421–427 (24 July 2014) doi:10.1038/nature13595

Compared to the brains of healthy individuals, those of people with 
schizophrenia have higher expression of a gene called C4, according to a 
paper published in Nature today (January 27). The gene encodes an immune 
protein that moonlights in the brain as an eradicator of unwanted neural 
connections (synapses). The findings, which suggest increased synaptic 
pruning is a feature of the disease, are a direct extension of genome-wide 
association studies (GWASs) that pointed to the major histocompatibility 
(MHC) locus as a key region associated with schizophrenia risk.
“The MHC [locus] is the first and the strongest genetic association for 
schizophrenia, but many people have said this finding is not useful,” said 
psychiatric geneticist Patrick Sullivan of the University of North Carolina 
School of Medicine who was not involved in the study.

-Ruth Williams, The Scientist



GWAS In Crisis

Non-Replication and Inconsistency in the Genome-Wide Association Setting
Ioannidis (2007) Hum Hered 2007;64:203–213 https://doi.org/10.1159/000103512


