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(Human) genetic diversity is shaped by 

• demographic (evolutionary) history (genetic drift)
• Time depth of most recent common ancestor
• Migratory patterns
• Admixture patterns
• …

• natural selection
• culture 

Hence we can learn about our demographic history, natural 
selection and even culture by studying (the genesis of) 
genetic diversity



Principal components analysis
• Invented by Karl Pearson in 1901
• Reduces complexity in the dataset. Creates synthetic 

characters, which do not correlate with each other and 
orders them by the amount of variation explained*.

• Goes by many names
• Made mainstream in population genetics in the “bible” 

published in 1994
• PCA describes variation in the sample being completely  

oblivious to the processes which create the variation
• Most of the genome evolves over time through random 

genetic drift (and not natural selection). The more time 
has passed since the split between two populations, the 
more genetically different they become. In most cases this 
separation translates also to geographical distance. Hence 
PCA on genetic data often mirrors geography of the 
populations.  

• Most population genetics papers include a PCA plot
the “bible” 



Principal Component

Analysis (PC1 vs PC2)

ca 2500 worldwide 

individuals

ca 450 000 SNP
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Proportions of “ancestral” components in a genetic profile of an 
individual

K3  - 3 “ancestral 
populations”
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447  High Coverage genomes
From 148 worldwide human 

populations



Genetic variation is organized in haplotypes – arrays of variants along the chromosome that are shared by 
multiple genomes. One can ”paint” a target chromosome by copying arrays of variants from a set of reference 
genomes. 



Ongaro et al., The Genomic Impact of European Colonization of the Americas, Current Biology (2019) 
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Vasili Pankratov

IBD > 2cM, total length, fineSTRUCTURE

Genetic structure of Estonians based on ~2300 genomes



(Human) genetic diversity is shaped by 

• demographic (evolutionary) history (genetic drift)
• natural selection
• culture 



From the genomic perspective natural selection is change in allele 
frequency over generations FASTER than would be expected by 
random genetic drift.

How to detect?
• Detect genetic sweeps
• Observe “directly” using ancient DNA



Neutral mutation

Booker et al. BMC Biology (2017) 15:98

https://wp.unil.ch/genomeeee/2011/12/16/hard-selective-sweeps-do-not-seem-to-be-the-rule-in-human-evolution/

Selective sweep



Bajau ‘‘Sea Nomads“ have been free diveing for thousands* 

of years

Adaptation to our lifestile (How do we live)



The spleens on the Bajau

have increased in size

throught lnatural selection

(quite like in sea otters). 

Spleen holds a reservoir of 

oxigen-rich blood. Quite

helpful if diving for livelihood

Cell 173, 569–580, April 19, 2018 ª 2018 Elsevier Inc.



Examples of regional natural selection in humans

Shaohua Fan et al. Science 2016;354:54-59 Copyright © 2016, American Association for the Advancement of Science



• CPT1A is a key regulator of mitochondrial long-chain 
fatty-acid oxidation

• the derived allele is associated with hypoketotic 
hypoglycemia and high infant mortality

• occurs at high frequency in Canadian and Greenland 
Inuits and was also found at 68% frequency in our 
Northeast Siberian sample.

• One of the strongest selective sweeps reported in 
humans despite associated deleterious 
consequences, possibly as a result of the selective 
advantage it originally provided to either a high-fat 
diet or a cold environm

Carnitine palmitoyltransferase I

Natural selection is not perfect - „side effects“



Nature 528, 499–503 (2015)

Light skin

Lactose tolerance

Light (blue) eye

Resistance to 

(some) diseases 

Fatty acid

metabolism



European hunter gatherers had a rather dark skin and blue eyes 



(Human) genetic diversity is shaped by 

• demographic (evolutionary) history (genetic drift)
• natural selection
• culture 



http://nutritionreview.org/wp-content/uploads/2013/09/MitoFig1.png; https://cdn-images-1.medium.com/max/1600/1*_b5RMmV5XT7MM22OgokTjg.png; http://ib.bioninja.com.au/_Media/mtdna_med.jpeg

Y-chromosome inheritance

http://nutritionreview.org/wp-content/uploads/2013/09/MitoFig1.png
https://cdn-images-1.medium.com/max/1600/1*_b5RMmV5XT7MM22OgokTjg.png




Analysis run by:
Lauri Saag, Mario Vicente etc

Y Chromosome Mitochondrial DNA



Infographics by Arizona State University





Thank you!

www.genomics.ut.ee
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Why?
• We want to know our past.
• Evolutionary history shapes genetic 

diversity/susceptibility to disease. 
• Personalized medicine in admixed 

populations/individuals.

How?
• Allele frequency patterns
• Coalescence patterns
• Haplotype sharing patterns
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Archaeogenetics - application of the techniques of molecular 
population genetics to the study of the human past.



The name comes from a program STRUCTURE. This method is a model based
approach to reveal genetic structure in the sample. 

The principle of the method is to find a genetic structure that would maximize Hardy-
Weinberg equilibrium and minimize linkage disequlibrium. The premise is that within 
(sub)populations there is HW but when you have two populations in your sample 
there is no HW.   

The approach constructs K number of “ancestral” populations (defined by allele 
frequencies at each locus) and proportions for each sample in the study with which it 
belongs to each of the ”ancestral” populations (sums up to 1).

structure-like analyses


