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Themes

© Global patterns of human genetic diversity
e 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
e Salivary Amylase
® Eye color (OCA2)

Competing models of human origins

Box 1/ ‘Out-of-Africa’ versus the multiregional
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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

Broadly speaking, there are two competing hypotheses on the origin of modern

humans; the Out-of evolution

REFS 9,10). Africa and expanded to Eurasia

about one million years ago, but they differ in explaining the origin of modern N .
(157 sapicns). The first that a second (D) Independent multiple origins

migration out of Africa happened about 100,000 years ago, in which anatomically
modern humans of African origin conquered the world by completely replacing
archaic human populat (Model A). The gional hypothesis
igins (Model D) or shared gional evolution
with continuous gene flows between continental populations (Model C) occurred in
the million years since

compromised version of the Out-of-Africa hypothesis emphasizes the African origin Jin and Su, Nature Reviews Genetics
of most but allows for of minor local '

(Model B). (2000)
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Human genome
diversity panel

A global-scale sample
of human genetic

diversity
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Review: Single nucleotide polymorphisms (SNPs) and
haplotypes
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Li et al, Science (2008)

DNA Chips Can Detect SNP Genotypes
(Or Haplotypes) Across An Individual's Genome
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This Can Then Be Correlated With Diseases &/or
Geographical Associations

Global patterns of haplotype diversity
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Interpolated map
of genetic diversity

TRENDS I Genos

foutes (red lines) between populations in the HGDP-CEPH panel (blue spots)
assuming an origin of modern humans in East Afrca (Addis Ababa, red spotl.
Geographic distances were estmatad between populations along the
colonization routes using an approach bsod on graph theory. Routes wero

shown by brown shading). Geographic distances from Addis Ababa, a5
ilustreted in this figure, 35 well as & matrx of pairwise distances between all
DP.CEPH populations are available o5 supplementary material online. (b)

ropresenta the genstic diversity obiained with an inverso distance-weighiad
(IDW) interpolation method on landmasses using the ArcGIS Spatial Analyst
extension. Blue dots represent the 54 populations from the HS71 subset of the.
HGDP-CEPH dataset [62)

Most Genetic Diversity Originated in the
Founder Populations to Modern Humans!

Diverse From the Start

The diversity of genetic markers is greatest in Africa (multicolored dots in map), indicating it was the
earliest home of modern humans. Only a handful of people, carrying a few of the markers, walked
out of Africa (center) and, over tens of thousands of years, seeded other lands (right). “The genetic
makeup of the rest of the world is a subset of what's in Africa,” says Yale geneticist Kenneth Kidd.

150,000 50-70,000 Jie4, 30-40,000
years ago o " years ago " years ago




Summary: Human origins

* At a global scale, genome-wide diversity patterns broadly consistent with a
single, recent origin of modern humans in Africa

e 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 ‘

Fig. 1. Estimated population structure. Each individual s represented by a
thin vertical line, which is partitioned into K colored segments that represent
the individual’s estimated membership fractions in K clusters. Black lines
separate individuals of different populations. Populations are labeled below
the figure, with their regional affiliations above it. Ten structure runs at each
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K produced nearly identical individual membership coefficients, having pair-
wise similarity coefficients above 0.97, with the exceptions of comparisons
involving four runs at K = 3 that separated East Asia instead of Eurasia, and
one run at K = 6 that separated Karitiana instead of Kalash. The figure
shown for a given K is based on the highest probability run at that K.

Continental-scale clusters of human variation?

‘ Results of unsupervised clustering algorithm on ~650,000 SNPs ‘
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Clusters are now more detailed
Europe, Middle East, and Central South Asia
distinguishable

Li et al (2008) Science
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Clines vs. clusters debate
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Or does differentiation increase smoothly with
geographic distance (“clines”)?
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Either way: Variation is mostly found within rather than
between groups
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Admixture proportions
assuming
K unknown populations
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The closer you
look, the more
“clusters” you see!
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Fine-scale analysis within a continent:
Europe as a case study

mage fom EU Pancrama ‘27 Euscpeans

1400 individuals from 37
unique populations in Europe

‘ Analysis using 197,000 SNP loci
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PCA is often a useful tool to visualize
patterns of population structure

Two-dimensional summary of European genetic diversity
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Subtle differentiation within Switzerland
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Differentiation within Finland

b Subjects with both parents
from the same group

Second coordinate MDS.

= West Lapland
o Central Lapland
20 { @ East Lapland

-4 20 0 20
First coordinate MDS

Figure 1 Linguistic/geographic groups of Norther Finland and their genetic
signature. (a) Map of Finland with county boundaries. The subjects in
NFBC1966 were all born in the two northern provinces. Counties in
Northern Finland are color coded to correspond to the six linguistic/
geographical groups that can be identified. (b) Scatterplot of the two first
components identified by MDS on the matrix of genetic similarity between
individuals. Only subjects with both parents born in the same population
group are plotted, and they are color coded according to the group of origin.
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Summary: Clines versus Clusters

Per locus information content extremely low

25 random SNPs

o | At any given SNP,
there is little

g - variation among

g . populations

s S

E

é PCA methods pool
LR weak signals

across many,
many loci to reveal
differentiation

T
NW w c sw s SE
Region of Europe

® Across loci mean Fsr=0.004!

* 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
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Just got your kit?

See your genes in a whole new light.

TIME Magazine's 2008 Invention of the Year, now $399.

Click to claim your kit

Already have an account?

What do we mean by ancestry?

deCODEMe H

How it works Buy US $399

deCODE your ancestry

earn about your ancestral story

CIRLE

.

Login [p—

Try ademo

‘The ancestry resuits
included i our complte scan

« map of kinship

* My mtDNA test comes back and says | have a Native American mitochondrial
haplotype. Does this mean:

¢ (@) 1 amis 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?

If we have “mixed”
ancestry, our
chromosomes are
a patchwork of
DNA with different
ancestries

But by chance,
some ancestors
are “lost” and
leave no trace in
our genomes at all
(Example: Purple

)

“Ancestry” is

relative to time:

implicit interest in
the geographic
origins of our
relatively recent
ancestors

D
0

mtDNA and Y-
chromsome: Trace
only one of your
ancestors at any
given point back in
time




ancestry painting

Trace the ancestry of your chromosomes, one segment at a time. Last updated April 23th, 2008

Chromosome View
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Pushing the limits: Ancestry inference within
continents

often difficult to L —
communicate the i—
uncertainty » Gl
o
2 @am Tell Me About
Performance:

Spatial prediction

* 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

Summary: Personal ancestry inference

* Immense potential, but numerous challenges:
* Obtaining the appropriate reference samples
* Communicating to customer:
* What we really mean by ancestry
e Statistical uncertainty in the inferences
e Limitations of particular analyses
* Danger of customers forming notions of group membership / race?

PCA and mixed ancestry

they most resemble. Zoom in o
tior

Customer with mixed
East Asian / European
ancestry show in green.

Customer appears to be Afrcan
Central Asian! 3

World

The ancesry of every human aiive today.
begins n eastem Affca. Thre, neary

200,000 years ago, ourspeces evolved
Forthe next 150,000 years or 50, hese
early humans would omain witin the
confines o Aica, gradually separaiing
Into aissnct populations. Thon, sometme
betueen 45 and 60,000 years ago, one of
these populatons made te gant eap out
of Afica. They and thelrdescendants
expandod bot eastwara and nortward
even making tto Ausirala witin a e
thousand years. Others ventured deep into
the heartof Central and East Asa
eventually geting all e way nto he

Note: 23andme FAQ
warns customer of
this issue

® 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!

e (d) The first steps towards genetic elitism.




Question:

® Are humans still evolving?
*(a) Yes
* (b) No

Salivary amylase copy number variation

Japanese individual
10 + 4 = 14 copies

Biaka individual
3 + 3 =6 copies

1+ 1 =2 copies
Chimpanzee

AMY1 copy number
variation as seen by
fluorescent in-situ
hybridization (FISH)

Copy-number variation is
highly variable among
human populations

copy number
Red (~ 10 kb) and green (~8 kb) probes encompass the entire
AMY1 gene and a retrotransposon directly upstream of (and unique to)
AMY1, respectively. (a) Japanese individual GM18972 was estimated by
GPCR to have 14 (13.73 = 0.93) diploid AMYI gene copies, consistent with
fiber FISH results showing one allele with ten copies and the other with four
copies. (b) Biaka individual GM10472 was estimated by QPCR to have six
(6.1 0.17) diploid AMY1 gene copies, consistent with fiber FISH results.
(c) The reference chimpanzee (Clint; SO06006) was confirmed to have two
diploid AMY1 gene copies.

NATURE GENETICS VOLUME 39 | NUMBER 10 | OCTOBER 2007

Diet and Variation in salivary amylase copy number

Amylase copy number

Biaka Mbui  Hadza  Datog  Euopean-  Yakut Japanese
‘American

Low-starch diet High-starch diet

Figure 1 The number in the ples from Perry

ton of salivary amylase

©2007 Nature Publishing Group. http:/www.nature.convnaturegenetics

The bar chart depicts the mean copy number per sample, with an intervalof two standard errors above
the mean. Mean copy number is found to be higher in papulations with high-starch diets, even when
samples are relatively near one another geographically (for example, comparing Hadza and Datog or

Yakut and Japanese populations)

High-starch diet
populations have higher
average copy number for
than low-starch diet
populations

The impact of natural selection on population differences

SNPs in genic
regions and
especially non-
synonymous SNPs
are more often
extremely
differentiated than
“non-genic” SNPs

f SNPs (%)

Prapartion

g Positive selection in
one population but not
another can lead to
differentiation at SNPs
in the region of the
gene under selection

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

[Table 1 Genes showing the strongest signatures of positive selection |

Phenotype category Genes

Morpt
skin pigrentation and hair
cevelopment)

ical traits (for example,  ABOCLI, EDAR, SLG4542,
PKPI, PLEKHA4, SLC24A5

Immune response to pathogens  CEACAML, CRI, DUOX2, VAVZ

DNA repair and replication MPG, POLGZ, TOP1

Sensory functions (for example,  COLIGAI, OR52KZ, RPILI
alfaction and eye developrent)

Categories of genes that

appear to have been under

Insulin regulation, metabolic ALMS1, CEACAMI, ENPPI

selection judging by syrcrome (abesity, diabeles,
extreme population hypertension)
differentiation Various metabolic pathways (for  ADHIB, ASS1, SLC39A4

axample, ethanel, intestinal zinc

and citrulling)

Miscellaneous FBX031, RTTN, SPAGS

What we see as
surface indicators of
“race” (skin, hair, eye-
color) are some of the
most unique regions of
the genome

Unknown ABCCI2, ADAT1, AK127117°, C170rics,
Corf14, COLEC] 1, CPSF3L, DNAJCSE,
DNHD1, ETFDH, EXOCS, FAIM, CCDC142",
FLI37464%, FXR1, GCNSL2, KIAADSB43,
LAMB4, LOC64851 I°, LIMCH1, PCGFI,
PLEKHGE, POL3S', RNF135, SLC304,
SYTL3, TEX1S, TTC31Y, VPS33B, ZNF645°

These genes contain at least ne noNSYTOTYMOUS Of 5
An exhaustive list of 582 genes containing othe cl

UTR mutation with Fer > 0.65.
of genic SNPs with 7 > 0.65

is provided in Supplementary Table L. Geres in bold corresoond to those also presenting

significant long range haplotypes, a5 mezs
candicates for recent selective sweeds®

Tnese genes have
located 1 a livkage d
linkage-ciseaquil orim

6 2 HUGO-approted symbol. “These three
These bwo genes are ocals

e by the iHS statistic®, or defined as top

Bariero et al (2008) Nature Genetics

Differentiation at a random region

of Chromosome 15
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Differentiation at around the OCA2 gene
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Differentiation at SNP rs1448484 in
the OCA2 gene
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OCA2 came up in Lecture 5...

* Was it a gene that is known to affect:
* (a) Type Il diabetes susceptibility
* (b) Eye-color
 (c) Intelligence
¢ (d) Cystic-fibrosis

SNPs in Human P Protein Gene Lead To
Different Eye Colors

OCA2

From SNPedia

et e ollowing OCAZ

Human Eye Color

NOTE: OCA2 also
affects skin color and
) hair color

12165554, PMID 1585t

OCA2 SNP ISU0401 el petict

-0 o [PMID 12163331 PMID
1558906, OMIN 20320001

- oca
iy

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
e 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

Differentiation at around the OCA2 gene
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Differentiation at SNP rs7496968
(known to affect eye-color) in the
OCA2 gene

G allele carried on haplotype known
to predispose individuals to brown
eyes




