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● Can we explain the diversity in living forms?

● How do living beings evolve?

● What about other possible living forms? 



  



  



  

Color
Size and Shape
Presence/absence
Position

Aristote, Historia animalium, book I, 2, 300BC

Morphology

Physiology

Behavior

Observable characters (phenotype)
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Straight hair

TCAAGGCTCTGAACAACAAGTTCGCCTCCTTCATCGACAAG

...K  A  L  N  N  K  F  A  S  F  I  D  K  

AGTTCCGAGACTTGTTGTTCAAGCGGAGGAAGTAGCTGTTC

TCAAGGCTCTGAACAACAAGTGCGCCTCCTTCATCGACAAG

...K  A  L  N  N  K  C  A  S  F  I  D  K  

AGTTCCGAGACTTGTTGTTCACGCGGAGGAAGTAGCTGTTC

KRT71
gene

Whooly hair



  

TCAAGGCTCTGAACAACAAGTTCGCCTCCTTCATCGACAAG

...K  A  L  N  N  K  F  A  S  F  I  D  K  

AGTTCCGAGACTTGTTGTTCAAGCGGAGGAAGTAGCTGTTC

TCAAGGCTCTGAACAACAAGTGCGCCTCCTTCATCGACAAG

...K  A  L  N  N  K  C  A  S  F  I  D  K  

AGTTCCGAGACTTGTTGTTCACGCGGAGGAAGTAGCTGTTC
Same genetic 
association 

in dog and cat

Straight hair

KRT71
gene



  

Genes
Amount of food

Alcohol
 Mechanical forces

Presence of predators
Temperature

...

 Shape

Genetics

Environment

Stochasticity



  

● Can we explain the diversity in living forms?

● How do living beings evolve?

● What about other possible living forms? 



  

Evolution = modification of living beings
  over successive generations
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The oldest rocks on earth
4,03 MMA3,80 MMA
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The oldest traces of life
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3,48 MMA
3,7MMA: Graphite biogénique

(Ohtomo et al. 2013)

3,48MMA: Biofilm

(Noffke et al. 2013)
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First fossilized cells : 3,4 MMA

Strelley Pool Formation, Australie
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Ediacara fossils: 630540MA
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Acanthostega gunnari (365MA)

Eusthenopteron foordi (385MA)
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Mass Extinction: 65MA

% lost genera of marine animals

milions years

Plesiosaurus

Nichollssaura

Tyrannosaurus

Ammonite

Lu
is

 M
ig

u
e
l 
B

u
g
a
llo

 S
á
n

ch
e
z

ht
tp

://
co

m
m

on
s.

w
ik

im
ed

ia
.o

rg
/

65

ext
inc

tion
 

of 
din

osa
urs

375

1e
rs 

Vert
éb

rés
 

ter
res

tre
s

Million years

4,5 3,4 600

Billion years

3,7

1rs
t fo

ssi
lize

d c
ells



  

65MA : 1000 times more iridium

after 65MY

before 65MA

 Wyoming Rocks

Deccan volcanic
rocks

Chicxulub crater
(180km diameter)

Linked to important changes in the environment



  

Back to water for some Mammals
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Rapid Evolution in Galapagos islands



  



  

Crosses and genetics

Big dog
x

Small dog

x

Big dog
F1

Y

XX X X

Association between DNA and phenotype



  

Small dogs carry a different 
insuline IGF1 gene 



  
Same genetic association

in humans and mouse

Small dogs carry a different 
insuline IGF1 gene 



  

Evolution



  

D. yakuba D. santomea



  

25 μm

gain

loss

D. santomeaancestor

D. yakuba
D. santomea

50 μm
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T → G

scuteTGTAscuteTTTA

A single mutation decreases genital bristles
and increases leg bristles 
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● Can we explain the diversity in living forms?

● How do living beings evolve?

● What about other possible living forms? 



  

Same evolution in the same conditions

Euphorbs Cactae
Asia, Australia, Africa North and South America
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Same evolution 
in multiple 

Caribbean islands



  

The number of possible paths
is smaller than previously thought



  

What kinds of other living forms?

How ?

Why ? (1)  rather than nothing

Why ? (2)  rather than something else

evolution



  

Imagining other living worlds 

1. combining characters

2. changing a variable
number of arms, gravity, etc.

3. analogy with non-living objects

Takeshi Kitano

Always refers to 
our known world 



  

Conclusion

● The diversity in the living world is 
caused by genetic, environmental 
and stochastic differences.

● Fossils allow us to reconstruct the 
history of life on earth.

● Maybe we should look for similar 
living forms in other planets.
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