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Human genetic diversity

Genome size: 2.9 Gb
Gene number: 25 000 
(1% of coding sequences)

In one individual:
~100 new mutations compared to his 
parents
~20 lethal mutations (heterozygous)

Genetic difference between two humans?

Genetic differences between humans 
and chimps?



  

Human genetic diversity

Genome size: 2.9 Gb
Gene number: 25 000 
(1% of coding sequences)

In one individual:
~100 new mutations compared to his 
parents
~20 lethal mutations (heterozygous)

Genetic difference between two humans?

Genetic differences between humans 
and chimps?

~0.1%

~4% (<1% for coding sequences)



  



  

Manipulate DNA sequences in silico



  

Manipulate DNA sequences in silico

Store
Store/retrieve data
Annotate

Assemble

Compare
BLAST
Align
Phylogenetic tree

etc.



  

Nombre de gènes et complexité phénotypique

blé >94.000

20.000



  

L'homme et les autres primates

Taille du génome : 2,9 Gb = 2,9.109 pb

Différence entre deux humains

Différence entre homme et chimpanzé

Différence entre homme et Néanderthal

Différence entre deux chimpanzés

~0.1%

~5% (~1% for coding sequences)

5MA

<250,000 chimpanzees, <110,000 gorillas, 

<60,000 orangutans, and <50,000 bonobos

~0.13%



  



  

Afrique:
Plus grande diversité génétique

Séquences de Néanderthal: ~1-4% de notre génome, partout sauf en Afrique



  

04-ancestry-com-o0mVUu2kRcs.mp4



  

Creating a phylogenetic tree



  

UDG (uracile-ADN glycosylase) removes the uracil from U:G mismatches. 
TDG (thymine ADN glycosylase) removes the uracil from U:G and thymine from T:G mismatches.

Do et al. 2017

The most common mutation is C>T



  



  



  

Bootstrap values 
for maximum likelihood trees



  

multicellular

unicellular



  

Multicellularity evolved multiple times in 
Eukaryotes
multicellular

unicellular



  

Taxonomy

Kingdom: Animalia
Phylum: Chordata
Class: Mammalia
Order: Primates
Suborder: Haplorhini
Infraorder: Simiiformes
Family: Hominidae
Subfamily: Homininae
Tribe: Hominini
Genus: Homo
Species: Homo sapiens

Linnaeus binomial name



  

https://www.ncbi.nlm.nih.gov/Taxonomy/



  

www.timetree.org



  

http://lifemap.univ-lyon1.fr



  

tolweb.org



  

https://blast.ncbi.nlm.nih.gov/Blast.cgi



  



  

À vous de jouer !



  

Pea aphid
life cycle



  



  



  

Lateral transfer



  



  



  
Cahill et al 2013



  

The enigmatic ABC Islands brown bears likely derive from a population of 
polar bears likely stranded by the receding ice at the end of the last glacial 
period. Since then, male brown bear migration onto the island has gradually 
converted these bears into an admixed population whose phenotype and 
genotype are principally brown bear. This process of genome erosion and 
conversion may be a common outcome when climate change or other forces 
cause a population to become isolated and then overrun by species with 
which it can hybridize. 

Cahill et al 2013



  



  

The genes and the mutations 
responsible for phenotypic evolution

Evolution repeats itself



  

www.Gephebase.org
>2000 entries

@gephebase

Orgogozo et al Nucleic Acid Research 2019

http://www.Gephebase.org/


  

anthocyanin-2 coding region
(Quattrocchio 1999)

Wrinkled seed: TE insertion
(Bhattacharyya 1990)

OVATE coding region
(Liu 2002)

luciferase coding region
(Stolz 2003)

Mc1r coding region
(Eizirik 2003)

myostatin coding region
(Grobet 1997)

FRI coding region
(Johanson 2000)



  

FORWARD GENETICS
From traits to genes

Little Ascertainment Bias, but Micro-Evolution only

REVERSE GENETICS
From genes to traits



  



  

Des événements de sélection récente 
laissent des traces dans les génomes

Région du génome sous sélection récente

Avant sélection  Après sélection  

Ex: lactase, CCR5-D32 et résistance au VIH



  

Séquence régulatrice du gène lactase

Repeated evolution in the lactase gene



  

Digestion de l'amidon
Duplications répétées du gène amylase

Pajic et al 2019 eLife



  

Repeated evolution

Orgogozo et al 2015 Frontiers Genetics

Also in:
Humans
Horses
Quails
Chickens
Mice
Pigeons

4

4



  

Repeated evolution 
via the same amino acid change

garter snake 

Tetrodotoxin

toxic newt pufferfish (fugu)

X

X
Nav1.4 sodium channel
E945D

Nav1.4 
E945D

toxic plancton

Saxitoxin

X
Nav1.4 
E945D

clam

Bricelj 2005
Geffeney 2005

Venkatesh 2005



  

Repeats in..

.. the genes responsible for natural evolution

.. the genes responsible for experimental evolution

Ex : hemoglobin in dogs and humans in Tibet
(Wang et al 2014 GBE)

Ex : sulfate transporter SUL1 in yeasts in low sulfate
(Gresham et al 2008 PloS Genetics)

Orgogozo 2014 Interface Focus

.. the phenotypes (convergent evolution)

Ex : thylacines and dogs, water chevrotain



  

From random processes can emerge 
predictability

Mutations in DNA
Chromosome segregation during meiosis

Assortative mating
Gamete competition during fecondation

Life history traits
Genetic linkage

Environmental changes (meteorite, etc.)
...

Many unpredictable processes 
at a low level

Predictable Evolution
at the genetic level

coding mutation in 
VKORC1 gene 

Orgogozo 2014 Interface Focus



  

From random processes can emerge 
predictability

Position, mass, velocity of each particle

Microscopic world Macroscopic world

Pressure, Volume, Temperature, 
Number of moles



  



  



  

After a few seconds



  

Predictable evolution at a higher level?

Position, mass, velocity of each particle

Microscopic world Macroscopic world

Pressure, Volume, Temperature, 
Number of moles

Many unpredictable processes 
at a low level

Predictable Evolution
at higher level?

Key: finding the relevant 
concepts for predictive 

evolution 
WingFusiform bodyTree 

shape



  

A small number of genetic solutions 
for a given phenotypic change

Michael DuBow



  

We are mosaics
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Assortiment des chromosomes 
du père et de la mère 

h
tt

p
:/

/e
v
o

lu
ti
o

n
.b

e
rk

e
le

y.
e

d
u

larges sourcils



  

Le génome au cours des générations

Lignée germinale

Lignée somatique



  



  

10% de chance de développer un cancer du sein durant sa vie

femme
BRCA1 +/+

45% de chance de développer un cancer du sein avant 70 ans
Les cellules de ce cancer sont BRCA1 -/-

BRCA1 -/-

femme
BRCA1 +/-



  

Mosaïque somatique

73 somatic CNVs in 11 tissues of six persons

O’Huallachain 2012 PNASBaillie 2011 Nature

Dans l'hippocampe et le noyau caudé de 
3 individus :
7,743 somatic L1 insertions, 13,692 
somatic Alu insertions and 1,350 SVA 
insertions



  

Slide from 
S. Gilbert



  

Slide from 
S. Gilbert



  

2015

2016

2012

, J. SAPP and A. TAUBER 



  

À vous de jouer !



  



  



  



  

Specialized loci in the genome

Proteins that interact with external molecules
oxygen, photons, insecticide, cholesterol...



  

Specialized loci in the genome

Proteins that interact with external molecules
oxygen, photons, insecticide, cholesterol...

Cis-regulatory elements of 
“developmental switch genes”

scute

Simpson 2007 Trends Genetics
Stern and Orgogozo 2009 Science

scuteCRE CRE CRECRE
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