
HC70A & SAS70A Winter 2009

Genetic Engineering in Medicine, 

Agriculture, and Law

Tracking Human Ancestry

Professor John Novembre

Themes

• Global patterns of human genetic diversity

• Tracing our ancient ancestry

• Clines versus clusters debate

• Within-continent patterns 

• Personalized genomic ancestry inference  

• What really is ancestry?

• Admixture and Chromosome painting

• Natural selection and patterns of human genetic diversity 

• Salivary Amylase

• Eye color (OCA2)

Jin and Su, Nature 

Reviews Genetics 

(2000)

Did archaic humans 

outside-of-Africa 

die out, only to be 

replaced later on or 

is this just an 

incomplete fossil 

record?

Homo erectus

A puzzle of 

human 

ancestry

The fossil record in 

East Asia contains a 

60,000 year gap

Which of these is the best 

supported hypothesis for 

origins of humans around the 

globe?

(A) Recent Out-of-Africa origin

(B) Recent Out-of-Africa origin 

with minor contribution from 

ancestral archaic humans

(C) Shared multi-regional 

evolution

(D) Independent multiple origins

Competing models of human origins

Jin and Su, Nature Reviews Genetics 

(2000)

Non-African 

sequences have a 

common ancestor at 

25-75k years ago

All human 

mitochondrial DNA 

sequences have a 

common ancestor 

“Eve” 120-220k years 

ago

Mitochondrial “Eve” 

existed in the recent 

past!

Tree shape is 

consistent with Out-

of-Africa origin

Human genome 

diversity panel

A global-scale sample 

of human genetic 

diversity

Not a perfect 

sampling, but the 

best studied yet...



Review: Single nucleotide polymorphisms (SNPs) and 

haplotypes

DNA Chips Can Detect SNP Genotypes 

(Or Haplotypes) Across An Individual’s Genome 

This Can Then Be Correlated With Diseases &/or 

Geographical Associations

Population tree  

based on similarity of 

allele frequencies at 

~650,000 SNPs

Sub-Saharan Africa

North Africa / Mid-East

Europe

Central Asia

East Asia

Americas

Oceania

Li et al, Science (2008)

Population tree 

provides further 

support for “Out-of-

Africa” origins of 

humans

Distance via waypoints to:

 Addis Ababa, Rift Valley, Ethiopia

(Putative origin of early modern humans) 

Decay of haplotype 

heterozygosity is 

consistent with a 

“serial bottlenecks” 

during Out-of-Africa 

expansion

Global patterns of haplotype diversity

Examples of paths from 

 East Africa to each of the 

HGDP populations

Interpolated map 

of genetic diversity 

Decay of diversity is 

consistent with Out-

of-Africa expansion

Most Genetic Diversity Originated in the 

Founder Populations to Modern Humans!



Summary: Human origins

• At a global scale, genome-wide diversity patterns broadly consistent with a 

single, recent origin of modern humans in Africa

• Further support available from recent Y-chromosome and autosomal gene 

TMRCA dates  

• Note: 

• A very small number of loci show very ancient TMRCA dates (e.g. 2 

million years old).  

• Open question: Are these evidence for rare, ancient contributions from 

archaic humans?

Continental-scale clusters of human variation?

Results of an unsupervised clustering algorithm on microsatellite diversity

Genetic “clusters” approximate continental-scale regions

Rosenberg et al (2002) Science

Results of unsupervised clustering algorithm on ~650,000 SNPs 

Clusters are now more detailed

Europe, Middle East, and Central South Asia 

distinguishable

Continental-scale clusters of human variation?

Li et al (2008) Science

Or does differentiation increase smoothly with 

geographic distance (“clines”)? 

Clines vs. clusters debate

Perhaps 

clusters are 

due to impact 

of geographic 

barriers?

 
Sahara

Tibetan Plateau

Bering Strait

Malay archipelago

Or perhaps 

clusters are an 

artifact due to 

gaps in 

sampling?

Either way: Variation is mostly found within rather than 

between groups 

Within populations

Among population / within groups

Among groups

Li et al (2008) Science
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Admixture proportions

assuming 

K unknown populations

The closer you 

look, the more 

“clusters” you see!

Jakobsson et al  (2008) Nature

Image from EU Panorama “27 Europeans”

Fine-scale analysis within a continent: 

Europe as a case study

1400 individuals from 37 

unique populations in Europe
Analysis using 197,000 SNP loci

Single Nucleotide 
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PCA is often a useful tool to visualize 

patterns of population structure
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Two-dimensional summary of European genetic diversity
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Genome-wide 

patterns of 

variation mirror 

the geography of 

Europe!

Differentiation 

found at small 

spatial-scale

Subtle differentiation within Switzerland



Differentiation within Finland
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Per locus information content extremely low

• Across loci mean FST=0.004! 

25 random SNPs

At any given SNP, 

there is little 

variation among 

populations

PCA methods pool 

weak signals 

across many, 

many loci to reveal 

differentiation

Summary: Clines versus Clusters

• At a global scale, support for clusters and clines can be observed

• Unresolved: Do geographic barriers lead to global-scale “cluster” results 

or is it uneven sampling?

• With large numbers of SNP markers, patterns of differentiation are detectable 

even at small-scales within continents (although often more “clinal” than 

“clustered”)

• Note: Variation is still predominately within vs. between groups

• Future directions:  With whole genomes - we may detect even more subtle 

patterns of differentiation

Applications:  Ancestry Inference in 

Personalized Genomics

What do we mean by ancestry?

• My mtDNA test comes back and says I have a Native American mitochondrial 

haplotype.  Does this mean:

• (a)  I am is likely to be 100% Native American

• (b)  My mother’s side is likely to be 100% Native American  

• (c)  My mother’s mother’s mother’s mother’s mother’s mother’s mother  

was likely Native American. 

• (d)  Not enough information to tell.

What do we mean by ancestry?

mtDNA and Y-

chromsome: Trace 

only one of your 

ancestors at any 

given point back in 

time

But by chance, 

some ancestors 

are “lost” and 

leave no trace in 

our genomes at all 

(Example: Purple 

ancestor)

If we have “mixed” 

ancestry, our 

chromosomes are 

a patchwork of 

DNA with different 

ancestries

“Ancestry” is 

relative to time:  

implicit interest in 

the geographic 

origins of our 

relatively recent 

ancestors



Sensitivity to 

reference 

populations: 

“Asian” ancestry 

might actually be 

Native American

Painting is the 

result of statistical 

inference, but 

often difficult to 

communicate the 

uncertainty

Pushing the limits:  Ancestry inference within 

continents

Performance: 

Spatial prediction
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400 km

• Regression-based 

approach using PC scores

• “Leave-one-out” cross-

validation performance:

• For countries with n>15:

50%: < 240 km

90%: < 630 km

• Overall: 

50% : < 540 km

90% : < 840 km

Caveat:  With PCA, 

mixed ancestry 

leads to an 

intermediate 

positioning

Note: 23andme FAQ 

warns customer of 

this issue

PCA of HGDP 

populations

Customer with mixed 

East Asian / European 

ancestry show in green.

Customer

Customer

Customer appears to be 

Central Asian!

PCA and mixed ancestry

Summary: Personal ancestry inference

• Immense potential, but numerous challenges:

• Obtaining the appropriate reference samples

• Communicating to customer:

• What we really mean by ancestry

• Statistical uncertainty in the inferences

• Limitations of particular analyses

• Danger of customers forming notions of group membership / race?

What’s your opinion:

• Personal ancestry inference is:

• (a)  A waste of money. 

• (b)  A harmless hobby if that’s what you’re in to.

• (c)  Fascinating - sign me up!

• (d)  The first steps towards genetic elitism.



Question:

• Are humans still evolving?

• (a)  Yes

• (b)  No

1 + 1 = 2 copies

Chimpanzee

Biaka individual

3 + 3 = 6 copies

Japanese individual

10 + 4 = 14 copies
AMY1 copy number 

variation as seen by 

fluorescent in-situ

hybridization (FISH)

Copy-number variation is 

highly variable among 

human populations

Salivary amylase copy number variation

High-starch diet 

populations have higher 

average copy number for 

than low-starch diet 

populations

Diet and Variation in salivary amylase copy number
The impact of natural selection on population differences

Bariero et al (2008) Nature Genetics

Positive selection in 

one population but not 

another can lead to 

differentiation at SNPs 

in the region of the 

gene under selection

SNPs in genic 

regions and 

especially non-

synonymous SNPs 

are more often 

extremely 

differentiated than 

“non-genic” SNPs

The most differentiated 

SNPs between human 

groups are likely to be in 

regions that have 

undergone recent 

adaptive evolution

Bariero et al (2008) Nature Genetics

What we see as 

surface indicators of 

“race” (skin, hair, eye-

color) are some of the 

most unique regions of 

the genome

Categories of genes that 

appear to have been under 

selection judging by 

extreme population 

differentiation

SNP: rs16971844

Ancestral Allele: A*

Derived Allele: G

0˚ 30˚ 60˚ 90˚ 120˚ 150˚

−30˚

0˚

30˚

60˚

270˚ 300˚

0˚

30˚

Differentiation at a random region of Chromosome 15



Differentiation at SNP rs1448484 in 

the OCA2 gene 

SNP: rs1448484

Ancestral Allele: G

Derived Allele: A

0˚ 30˚ 60˚ 90˚ 120˚ 150˚

−30˚

0˚

30˚

60˚

270˚ 300˚

0˚

30˚

Differentiation at around the OCA2 gene

OCA2 came up in Lecture 5... 

• Was it a gene that is known to affect: 

• (a)  Type II diabetes susceptibility 

• (b)  Eye-color

• (c)  Intelligence

• (d)  Cystic-fibrosis

SNPs in Human P Protein  Gene Lead To 

Different Eye Colors

Human Eye Color

NOTE: OCA2 also 

affects skin color and 

hair color

Differentiation at SNP rs7496968 
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OCA2 gene
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eyes

Differentiation at around the OCA2 gene

Conclusions:

• Humans have been recently, and continue to be, evolving

• Patterns of genetic variation in humans point towards recent common ancestry in 

Africa

• With modern large-scale data sets, we can identify the personal ancestry of 

individuals to a fine spatial scale 

• Many of the most differentiated regions of the genome seem to be the results of 

selection related to:

• Novel diets

• External morphology in response to different climates

• Immune system / disease evasion

• Beyond these few differentiated regions (some of which are relevant to medicine),  

most variation is found globally (and most of the genome doesn’t even vary!) 

• Intelligent views about our common genetic heritage and diversity will be crucial in 

our post-genomic world


