Previous course
Characteristics of living organisms
Main molecules in living organisms
Virus, Bacteria, Eucaryote, Archaea
Cell division, Virus amplification

Ecological observations



A living organism is not made by assembling pieces together
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Anthropocene

proposed geologic timescale dating from the commencement of significant human
Impact on Earth's geology and ecosystems, including anthropogenic climate change
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Climate change
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Anthropocene

proposed geologic timescale dating from the commencement of significant human
Impact on Earth's geology and ecosystems, including anthropogenic climate change

Plastic
Pollution
Transports

Humans move sediments at rates higher than all rivers together (mines,
constructions)

Extensive Agriculture (deforestation)
Climate change
Biodiversity crisis

Not all human, certain human activities - Capitalocene (D. Haraway, J. Moore)



Daily biomass (g/d)

75% decline of flying insect biomass in 27 years
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Finding causes for the decline

Check various parameters: climate (T, precipitations, frost days, light...), habitat
(plants, pH...), land use

Decline = evident throughout the growing season
iIrrespective of habitat type or landscape configuration

Temperature: increase in 0.5°C, should have increased insect biomass

Pesticide usage not tested

Hallmann 2017



What is the largest biomass on earth ?

Insects
Viruses
Bacteria
Green plants




Biomass distribution on earth
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Which has the largest biomass ?

all humans
all cattles




Biomass (Gt C)
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Past history of life




Les plus vieilles roches affleurant a la surface
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Les plus vieilles traces de vie
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Premieres cellules fossilisées : 3,4 MMA
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Multicellular organisms : 2 MMA

1to12cm

In Gabon
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Fossiles d’Ediacara : 630-540MA
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Cambrian explosion : -540MA -480MA
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Sortie de I’eau des Vertébrés

Eusthenopteron foordi (385MA)
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Extinction de masse : 65MA

Plesiosaurus

% de genres de fossiles
animaux marins disparus
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Luis Miguel Bugallo Sanchez "ntin-//commons.wikimedia.org/
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Liee a d’importants changements de I’environnement

apres 65MA

couche 65MA : 1000 fois plus d’iridium

avant 65MA

©

cratére de Chicxulub
(180km de diametre)

roches volcanigues
du Deccan




Retour dans I’eau de certains Mammiferes
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Coyne 2009 Why evolution is true
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Retour dans I’eau de certains Mammiferes
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Augmentation generale de la taille des especes
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Evolution convergente

Sortie de I'eau
Retour dans l'eau

Thylacine/Loup



The theory of evolution




Charles Darwin énonce
les mécanismes de base de I’évolution

L’origine des especes (1859)

il CIFAC R




Classical Darwinian Evolution
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Chromosome
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Les mutations

A Original
TTTT

]_[m Original
4’ copie || | || ||

correcte
copie

mutante

250 20 5 2, T,

RADIOACTIVE
CONTENTS. ... URARLM
ACTTATY.  ACTIE

IR AR

-Gly - Ala - lle Arp Arg-

-Gly - Ala - lle - Leu-Asp - Arg -

.;1AF(xATﬂ TAFA AGA-
-Luﬁt.ﬁ“ .ft.fn TT] [uﬁ-. :-'u_-.-&-

http://evolution.berkeley.edu



NH, 0

Deamination U:G mismatch
N +H,0 NH
I /& — NH; | /& —_— g |
N O N @) y
H H ‘
Cytosine Uracil T
D
Removed by UDG and TDG } Removal of C>T
Removed by TDG artifacts
NH, 0 !
HsC Deamination H,C T:G mlsmatch P

| N +H,0 | NH

/g S /J\
O N O
H
5-Methylcytosine Thymine

H y_ . Wild-type sequence

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.



Meiose

Mitose






http://www.biologieenflash.net/animation.php?ref=bio-0079-2
http://www.biologieenflash.net/animation.php?ref=bio-0079-2
http://www.biologieenflash.net/animation.php?ref=bio-0051-2
http://www.biologieenflash.net/animation.php?ref=bio-0051-2
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SPERMATOGENSIS Vs OOGENSIS

SPERMATOGENESIS
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changement de

§ 1 nucléotide

Schneider 2012



Chromosome

TCC
AGG

TCC
AGG

leopard
GCAAGCCGCCGGCGCCCGCCTGCTGCGACCCGTGCGCC
CGTTCGGCGGCCGCGGGCGGACGACGCTGGGCACGCGG
CIKIPIPIAIPIA|lC|/CH™P|C|AIS

panthere noire
GCAAGCCGCCGGCGCCCGCCTGATGCGACCCGTGCGCC
CGTTCGGCGGCCGCGGGCGGACTACGCTGGGCACGCGG
ClK|lP | P [A]|P|A

STOP




lettre

\

premiere

Le code genétique

deuxieme lettre

TTT
TrC |
TTA -
TTG

Phe

CTT
CTC
CTA
CTG-

Leu

ATT
ATC
ATA _
ATG |%

lle

GTT
GTC
GTA
GTG

Val

TCT
TCC
TCA
TCG |
CCT ]
cce
CCA
cee
ACTT
ACC
ACA
ACG:
GCT ]
GCC
GCA

GCG

Ser

Pro

Thr

Ala

TAT
TAC
TAA

Stop Tyr

His

Gin

Asn

Lys

Glu Asp

TGT

CeT |

CGC
CGA
CGG

AGT

AGC |
AGA

AGG

GGT
GGC
GGA
GGG

Arg

Arg Ser

Gly

troisieme lettre



La panthere n0|re

Schneider 2012
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La panthere noire
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Evolution récente chez I'homme
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Séquence régulatrice du gene lactase

mjh #mﬂ

._t;

&S Mutations distinctes
& Pas de mutation



— cellule

~ chromosomes

un chromosome

ADN codant protéines

-Gly - Ala - lle - Leu-Asp -Arg-  UN acide aminé

8 O 0 O i

GGAGCCATATTAGATAGA. 3 lettres
ADN

L’ADN est constitué d’une

suite de nucléotides

ADN non codant

ADN



deuxieme lettre

Le code génetique

premiere lettre

U c A G
Uuu UCU ) UAU } UGU }
oue 1P e s UAGT™™ UgE I
UUA}LeU UCA UAA Stop UGA Stop
UuG leE UAG Stop UGG Trp
CuUU ) CCU CAU } i CGU
cuc| . ccc|, CACI™ cac |,
cis [=2Y eoh [P CAA} o CGA g
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AUU | ACU ) AU AGU } a
AUC tlle  ACC |_ ~ AAC | S REE =
AUA | ACA ['" AAA AGA }
AUG Met ACG AAG [ aga [A9
GUU GCU) GAUY, ~ GGU
Guc|,  Goc|, — GACI™P GG |
cua [ eea [® GAA}GI Gen |
GUE GG GAG T e

@O CE ®EONE G @EEN e S

troisieme lettre

-Gly - Al - lle - Leu-Asp -Arg-

ADN codant protéines

un acide aminé

Job L,

- . I i l._II = 1
EaRGLLA DA T-'"".'.1-"'. .'1'.-.'..:'- 3 |ettres

ADN

ADN non codant




Les vingt acides amines

aromatigues

non polaires
0 'IIZEICI COH
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ADN codant protéines

Gly- Ala - lle - Leu-Asp -Arg-  UN acide aminé

50 8 W T o

GGAGCCATATTAGATAGA- 3 lettres
ADN

L’ADN est constitué d’une

suite de nucléotides

ADN non codant

contréle de la formation des protéines
maintien de la structure de 'ADN
réplication de '’ADN




5 mutations différentes dans le méme gene

J O Nonpersistent

[ C(-1400)
[ G(-14009)
O C(-13915)
B T(-13910)
O G(-13207)
[ Unexplained

Swallow 2016
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L'évolution se répete

Intraspécifiqgue Interspécifiqgue

Persistence de la lactase Coloration ”0”9




Résistance a un insecticide chez Culex pipiens

Ester’
Détecté pour la 1lere fois au Liberia et Nigeria en 1977
et en France en 1986
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En Australie chez la mouche Lucilia cuprina

1952 1965

Premiere utilisation

d'insecticides Premieres
organophosphoreés obsgr\_/atmns
dans le monde de résistance
en Australie

(1955 en Australie)

Hartley 2006 PNAS



La mutation est apparue avant I'épendage d'insecticides

En Australie chez la mouche Lucilia cuprina

Avant 1950 1952

Premiére utilisation
d'insecticides
organophosphorés
dans le monde

(1955 en Australie)

Analyse de spécimens de musée
Mutation présente dans 4 individus sur 24

1965

Premieres
observations
de résistance
en Australie

Hartley 2006 PNAS



Reésistance aux antibiotiques

Avant la sélection

Apres |a sélection

Fopulation finale
0e%0,
¢ %
Niveau de résistance

0000000
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Classical selection

Elite dam

Elite sire
F 3

selection

Performance
testing

30 months

Progeny testing

40 months

selection

Georges 2018 Nat Rev Genet



Faster selection based on genetic predictions

Reference population
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Advanced
reproductive
technologies

n embryos

Embryo transfer
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Figure 1. Egg, beef, pork, chicken, fish and milk production since 1980 and projected to
2050 (FAO 2018; Alexandratos and Bruinsma, 2012).
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Anthropocene
Past history of Life
The Theory of Evolution
Mutations

Repeated Evolution
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