


Human Genetics

ACGTGTACAGAAGGGCCATGAACACTGTTATTACTCT
TACACAATTGTGAGGCAGCCCTCGAGCCACAGGCGGG
TCCAGCTGTTGGCTATAAACGGATAGCCTACCGGTCT

- “Human genetic =

ACGTGTACAGAM%E GTTATTACTCT
TACACAATTGT CCACAGGCGGG

TCTGT TGGCTATAAACGGATAGCCTACCGGTCT
CHEETCGGAGATCACCATGTTTCTGGGTC GTAC
CTGGATGCAGTACCTCGCCCCAGTTTCGC AAA

When did this mutation appear?
Why it is present a such a frequency?

Has this mutation a phenotypic
effect ?
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- Medical Genetics - Population Genetics

- Epidemiological genetics - Evolutionary Genetics



Recent major steps in human genetics

1. The complete sequence of the human genome
2. SNP Discovery and Characterization
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IBM - Motoroka - Novartis - Pfizer - Searle - SmithKline Beecham - Wellcome Trust

3. The HapMap Project (now Phase llI)

International HapMap Project

Home | About the Project | Data | Publications

937 | English | Frangais | B#3E | Yoruba

4. The HGDP-CEPH
5. The 1,000 genomes project
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Forces shaping genetic diversity
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1st angle:
Influence of human demography on genome diversity
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Simulated Data Empirical Data

Model : sequencing of non-coding regions of the genome (autosomal, Y-chromosome, mtDNA, etc.)
and comparison of observed data with simulated data (Coalescence, ABC)

Objectives:

- better understand the demographic history of human populations using a multi-locus approach and a
robust statistical framework

- determine the most likely model of human demography in order to « calibrate » the effects of demography
on human genome variability and therefore, detect the effects of natural selection robustly.



2nd angle:

Influence of lifestyle on genome diversity
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Patin & Quintana-Murci, Trends Ecol Evol 2008

Model : comparison of genetic diversity in populations presenting completely different lifestyles: Pygmy
hunter-gatherers and Bantu farmers

Objectives :
- determine the demographic history of these populations and their genetic interactions

- better understand how lifestyle and modes of subsistence have influenced population genetic diversity



3rd angle :

Influence of natural selection on genome diversity
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General: the detection of natural selection at the genome-wide level

Model : differentfamilies of innate immunity receptors (TLRs, Nod-like, RIG-I like, type-C lectins) and
their signaling pathways

Objectives:

- identify regions of the human genome having participated in our adaptation to the environment
(climatic, nutritional, pathogenic)

- In the context of immunity, distinguish those genes having played a major role in human survival
from those playing a more redundant role in host defense against pathogens



Examples

— Demographic Inference
» Worldwide inference of past demographic events

 History, population history and lifestyle

— Selective Inference

« Genomewide detection of natural selection

« Natural selection and immunity to infection
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— Demographic Inference

» Worldwide inference of past demographic events
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— Selective Inference

« Genomewide detection of natural selection

« Natural selection and immunity to infection



Population history and genetic diversity

Early Homo sapiens sapiens
in Africa ~
‘ 000
e® * %,

Homo sapiens sapiens
colonizing south west Asia

~100,000 BP

Homo sapiens sapiens
~40,000 BP




Questions

— When humans left Africa?

— How was the intensity of the bottleneck out of Africa?

— How intense have been the population expansions of
modern humans?

— When the ancestors of contemporary Europeans and

Asians started to diverge?



Demographic inference: non-coding regions of the genome
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A best-fit model for the historical and demographic history

Simulated data

040 I i Toot
o Expected S I Sbot
o WP rved SFS - .
REPYG SFS

025 AGR SFS R

020

015

1

Observed summary < »  Simulated summary
statistics statistics

Assessment of
weakest distances

l

Best-fit -

model | e

Srec



Model and parameter best-fitted estimations.
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Estimation of historical and demographic parameters

0.40 [P
0.35
0.30
0.25
020
015
0.10
0.05
0.00 . : : : .
13 38 63 8 113 138
years / 10°
035 040 T
930 N’ 0.30 1 E-EA
925 0.25 1
020 050 |
0.15 0.15
ast- 0.10 0.10
Asians 0.05 0.05 1 / \
0.00 + — - : - , 0.00 . : . ,
0 5 10 15 20 25 0 15 30 45
individuals / 10° years / 10°
0.40 - _
035 ]
9201 o 0.30 1 t
0.20 - A 20 A
0.15 ogs ]
0.10 e
0,05 ] /\\ 0.05
0.00 - - : - : o
0.001 0.005 0.009 0.013 0.017 0.021 TR
exponential growth rate years / 10°
0.40 4 0.40 4
0.35 4 0.35 4
8.22 1 0.30 4
25 1 0.25
020 1 B ] N
015 - OoA gfg E 904
0.10 - 0.10
008 12 0.05 -
: 000+ — o —
1.5 9 1 ;7tﬂ21 25k ‘zst 33‘ty 1 4 7 1013 16 1922 25 28 31 34
ottleneck intensi indivi 3
; individuals / 10°
E Model probabilities
0.5 - 0.40 0.40
0.35 g
ods | ]
0.4 0.25 025
0.35 - 0.20 m 020
015 015
0.3 - 0.10 0.10
0.25 0.05 0.05
o 0.00 + - - ; 0.00
0.15 - 0 0.00005  0.0001  0.00015 o 11 20 32 4 5
0.1 4 migration rate individuals / 103
0.05 -

Laval et al. PLoS One 2010



Examples

— Demographic Inference
« Worldwide inference of past demographic events

 History, population history and lifestyle

— Selective Inference

« Genomewide detection of natural selection

« Natural selection and immunity to infection



Our model: Pygmy hunter-gatherers and Bantu farmers
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Our model: Pygmy hunter-gatherers and Bantu farmers
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Population collection

Pygmies (PYG)
1. Bakola (Cameroon)
2. Baka (Cameroon)

3. Baka (Gabon)

4. Biaka (RCA)

5. Mbuti (RDC)

6. Twa (Rwanda north)
7. Twa (Rwanda south)

Farmers (AGR)

8. Yoruba (Nigeria)

9. Akele (Gabon)

10. Ngumba (Cameroon)
11. Chagga (Tanzania)
12. Mozambicans

118
16
15
16
24
24

15

118
31
16
16
32

23

236



Patin et al. PLoS Genetics 2009
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Our model: Pygmy hunter-gatherers and Bantu farmers

1. When AGR, WPYG and EPYG diverged ?

Model AWE Model A-WE Model W-AE Model E-AW
-
>
AGR WPYG EPYG AER WFIE  EFYG WPYG AGR  EPYG EPYG AGR  WPYG

- Have the pygmy traits originated ( —>» ) only once or do they have
appeared independently (convergent evolution)??

- Has the transition to agriculture involved the divergence between PYG
and AGR ?



Demographic regimes of each population groups
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- Farmer populations have experienced population expansions

- Both Western and Eastern Pygmies have undergone reductions in population
size (bottlenecks followed by recovery)

Patin et al. PLoS Genetics 2009



A best-fit model for the demographic history of PYG and AGR

Model A-WE
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Implications for the history of hunter-gatheres and farmers in Africa

€——— ~20,000y

From S. Bahuchet, 1996
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Examples

— Demographic Inference

« Worldwide inference of past demographic events

 History, population history and lifestyle

— Selective Inference

« Genomewide detection of natural selection

« Natural selection and immunity to infection



Migration, adaptation and natural selection
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Genetic variants conferring an advantage to better adaptation will be selected



Different types of natural selection
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Selection at the Genome-wide Level?

 To which extent has natural selection influenced, at the scale
of the entire genome, the degree of population differentiation in
modern humans?

« Whichtype of genetic variants have been preferentially
targeted by selection?

« (Genes and gene variants under strong selective pressures can
highlight regions of the genome explaining the current
population phenotypic variation



Levels of population differentiation under neutrality
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~70KYA population

Africans w W_ ’m ’ﬂ' w W Europeans

LI RA N | jisetiotial MR LA N | §
NUFTALL 72N PP A K'Y

Pres"ent 'I' ’ﬂ‘




Positive selection increase population differentiation
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Proportion of SNPs (%)

F; estimation of 2.8 million HapMap SNPs
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Conservative list of targets of positive selection

Extended list of 585 genes

Phenotype category

Genes under strong positive selection

Morphological traits (skin pigmentation, hair development, etc.)
Immune response to pathogens

DNA repair and replication

Sensory functions (olfaction, eye development...)

Insulin regulation, metabolic syndrome (obesity, diabetes, hy pertension)
Various metabolic pathways (ethanol, intestinal zing, citrulline. ..)
Miscellaneous

Unknown

ABCCII, EDAR, MATP, PKPI, PLEKHA4, SLC24A5

CEACAMI, CRI, DUOX2, VAV2

MPG, POLG2, TDPI

COLISAI, ORS2K2, RPILI

ALMSI, CEACAMI, ENPPI

ADHIR, ASS, SLC39A4

SPAGS6, FBX031, RTTN

ABCCI2, ADATI, AK127117, C17orf46, CSorfl4, COLECI1, CPSF3L,
DNAJCSB, DNHDI, ETFDH, EXOCS, FAIM, FLI37464, FXR1, GCNSL2,
KIAA0984, LAMB4, LOC648511, MGC72127, PCGF1', PLEKHG4, POL3S,

RNF135, SLC30A9, SYTL3, TEX1S, TTC31' FLJ14397' VPS33B, ZNF646°

Barreiro et al. (2008) Nat Genet



Natural selection and disease

1

Proportion of non-syn. SNPs (%)
in genes with OMIM status

Barreiro et al., Nature Genetics 2008

Non-synonymous variants that are highly differentiated among
populations are more represented among genes known to be involved
in human disease



Infectious diseases have imposed a tremendous selective pressure
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Infectious diseases have been a major force driving the evolution of our genomes



Whole genome approaches (GWSS)
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Immunity-related genes are over-represented when restricting the analyses to more recent

selective events (< 30,000 years)

Barreiro & Quintana-Murci Nat Rev Genet 2009



The human Toll-like receptors

® |
== Gram-negative bacteria %LTA PG, LAMQp m
& Gram-positive bacteria PLM, porins, Triacyl Flagellin
Virus tGPI, HA lipopeptide -
@ Parasite =
| —
———

d Fungus \ Diacyl lipopeptide,
zymosan
LPS, mannan, ﬁ %

envelope proteins

[ Art (]

Inﬂammatory

r —
‘*@ -
interferon

- Determine whether and how natural selection has acted upon the individual TLR
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- Sequence of the ten TLRs in a multi-ethnic panel of individuals worldwide



The effects of purifying selection on TLRs

Viral Other
recognition microbes

Positive selection
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Barreiro et al., PLoS Genetics 2009



Functional diversity at the individual TLR level

0.14 -
m Nonsense
0.12 - Probably Damaging oth
. er

0 )
g 04 - Viral microbes
= recognition
20.08 -
©
S 0.06 -
©
2
S 0.04 -
o

0.02 -

0 -

The high frequencies of damaging and nonsense mutations in “non viral” TLRs illustrate their greater
redundantrole in protective immunity



Conclusions

« TLRs sensing virus are under strong purifying
selection, indicating strong evolutionary constraints

* Virus have exerted strong selective pressures than
bacteria and parasites on the TLR system

 Non-viral TLRs are more “dispensable” in host defense

« Some of them, TLR5, are completely redundant in host
defense



Some ongoing research

« Genome-wide;

— Demographic inferences using genomewide data and
complete human genome sequences

— Detection of the (difficult) signatures of balancing
selection

 Immunity and infectious disease:
* The Nod-like receptor family
* RIG-I like receptor family
* The C-type lectin family
* The IFN gene family
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