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Elucidating evolution 



Human	  migra*ons	  



What	  does	  gene,cs	  tell	  us	  about	  
human	  adapta,on?	  





So	  how	  different	  are	  we?	  



 
l  90% of variation within 
populations 
 
l  Large genetic differences are 
very rare 
 
l  Such differences can appear 
if they improve adaptation to 
local environment  
 
l E.g. climate, diet, microbes 

Humans are genetically very similar 
to each other 

Population A 

Population B 
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Humans are genetically very similar 
to each other 



Posi*ve	  natural	  selec*on	  
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Selec*on	  on	  a	  de	  novo	  muta*on	  



Selec*on	  on	  a	  de	  novo	  muta*on	  



Selec*on	  on	  standing	  varia*on	  



Model of selection on a de novo mutation (SDN) 
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Model of selection on standing variation (SSV) 
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Changes	  in	  skin	  pigmenta*on	  
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Feel good news 
 

Graphic: Oliver Uberti and M. Brody Dittemore, NG Staff 

 



Adaptation to high altitude 

•  At high altitude there are fewer oxygen molecules in a breath of air than at sea level 
 
•  Humans inhabit three regions of the world that are at extreme altitudes  



Response to high altitude environments 

 
•  Hemoglobin concentration: the protein in red blood cells that carries oxygen 
 



Response to high altitude environments in Andeans 

•  Hemoglobin: the protein in red blood cells that carries oxygen 

The physiological response to hypoxia was first 
scientifically investigated in the late 19th century in 
South America.  
 
 - It was believed that increasing hemoglobin   
concentration was beneficial 



Response to high altitude environments in Tibetans 

In the 70s, studies showed that Tibetans had a different 
physiological response 
 

Wu et al. (2005) Altitude Altitude 



Contrasting Tibetans, Andeans and Ethiopian response 

Altitude 
Beall Cynthia, 2006 



Higher fertility and lower infant mortality rate in high 
altitude natives than in acclimatized low altitude natives 

Niermeyer et al. (2009) 



Exome Sequencing 

•  Exome (all the exons of the genome) – the coding part of the genome 

• Technology:  Exon capture & High-throughput sequencing 
 
•  50 Tibetan Individuals living above 4000m altitude 
 
 



Other data 

•   A closely related population:  
   Han from Beijing  
 
•   We used  
   an outgroup population: 
   200 Danish exomes 

 

	  



	  

	  
	  

	  

Mutation Frequencies 



Identifying signatures of positive selection 

High Low Outgroup 



Identifying signatures of positive selection 

Yi* X., Liang* Y., Huerta-Sanchez* E., Jin* X., Pool* J. et al. (2010) Science 

High Low Outgroup 
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Identifying signatures of positive selection 

High Low Outgroup 
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Under no positive selection 

High Low Outgroup 



Under positive selection 

High 

Low Outgroup 



Largest branch length: EPAS1 

Average branch lengths  
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Distribution of branch length values across genes 

EPAS1 



EPAS1: Hypoxia inducible factor 2 

²  	  	  Major	  Transcrip*on	  factor	  that	  orchestrates	  response	  to	  low	  oxygen	  levels	  	  	  	  

	  	  	  	  	  	  	  

²  	  Regulates	  several	  genes	  involved	  in	  red	  blood	  cell	  produc*on	  

	  	  	  	  	  	  	  

²  	  Muta*ons	  in	  EPAS1	  have	  been	  associated	  with	  super-‐athlete	  

performances	  

	  	  	  	  	  	  	  

²  	  Highly	  expressed	  in	  the	  adult	  and	  fetal	  lung	  and	  placenta	  
	  



EPAS1: large	  frequency	  differences. 

      Tib     Han    Danes  
      0.87    0.09     0.0   
        G         G        G 



Other relevant genes 



Significant association with phenotype? 

 

•  Individuals with GG genotypes have LOWER hemoglobin 

concentration 

	  
Genotype	  

Tibetan	  
frequency	  

Mean	  
hemoglobin	  
concentra*on	  

CC	   10	   178	  

CG	   84	   178.9	  

GG	   272	   167.5	  



Other studies have identified EPAS1  

•  Different	  data	  sets	  	  and	  different	  methods	  



What about Ethiopians? 

Genotypes from 4 populations: 
 
1. Ahmara (HA) 
2. Tigrayan (HA) 
3. Afar (LA) 
4. Anuak (LA, outgroup) 
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What about Ethiopians? 

High Altitude 

Low altitude 

Outgroup 



A more challenging problem 

 
1.  More complex demographic history 
 
2.  Probably some admixture from a non-African group  
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