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Approche Méthodologique
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ACCCTATTAACCACTCACGGGAGCTCTCCATGCATTTGGTATTTTCGTCTGGEGGETATGCACGCGATAGCATTGCGAGACGCTGGAGCCGGAGCACCCTATGTCGCAGTATCTGTCTTTGATTCCTGCCTCATCCCATTATTTATCGCACCTACGTTCAATATTACAGGCGAACATACTTACTAAAGTGTGTTAATTAL

caccctattaaccactcac agctctccatgoa ggta cotctoggogggtatgcacgcgatageatigogagacge agccggagcacce GTATCTGTC GATTCCTGCCTCATCCCATTA ATCGCACCTACGT TCAATATTACAGGCGAACATACTTACTAAAGTGTGT TAAT TAA
CCCTATTAACCACTCACGGGAGCTCTCCATGCATTTGGTA CGTCTEEEGEGTATGCACGCGATAGCAT TGCGAGACGC TGGAGCCGGAGCACCCTA ctgtctttgattcctgectecatecccatta atcgcacctacgttcaatattacaggcgaacatacttactaaagtgigttaattas
CCCTATTAACCACTCACGGGAGCTCTCCATGCA GGTA CETCTOGEEGG TATGCACGCGATAGCAT TGCGAGACGC TGGAGCCGGAGCACCCTA gic gattcctgectcatcccatta atcgcacctacqgticaatattacaggcgaacatacttactaaagiqgiqttaattas
CCCTATTAACCACTCACGGGAGCTCTCCATGCATTTGGTA CGTCTGGEGGGTATGCACGCGATAGCAT TGCGAGACGC TGGAGCCGGAGCACCCTA GTCTTTGATTCCTGCCTCATCCCATTATTTATCGCACCTTCG T TCAATAT TACAGGCGAACATACTTACTAAAGTGTGT TAAT TAL
CCCTATTAACCACTCACGGGAGC TCTCCATGCATTTGGTA CGTCTGGEEGEETATGCACGLGATAGCAT TGCGAGACGL TGGAGCCGGAGCACCCTA GTCTTTGAT TCCTGCCTCATCCCATTATTTATCGCACCTACG T TCAATAT TACAGGCGAACATACT TACTAAAGTGTGT TAAT TAS
CCTATTAACCACTCACGGGAGCTCTCCATGCATTTEGTA COTCTGEEGGETATGCACGCGATAGCAT TGCGAGACGL TGGAGCCGGAGCACCCTA GTCTTTGATTCCTGCCTCATCCCATTATTTATCGCACCTACG T TCAATAT TACAGGCGAACATACT TACTARAGTGTGT TAAT TAL
CCCTATTAACCACTCACGGGAGCTCTCCATGCATTTGGTA CGTCTGGEGGETATGCACGCGATAGCAT TGCGAGACGC TGGAGCCGGAGCACCCTA GTCTTTGATTCCTGCCTCATCCCATTATTTATCGCACCTACG T TCAATAT TACAGGCGAACATACT TACTAAAGTGTGT TAAT TAL
cctattaaccactcac agctciccatgca ggta cgtci*goggqtatgcacgcgatagcatigogagacge agccggagcaccctatg GIC GATTCCTGCCTCATCCCATTA ATCGCACCTACGT TCAATATTACAGGUGAACATACTTACTAAAGTGTGT TAAT TAL
CTATTAACCACTCACGGGAGCTCTCCATGCATTTGGTA CGTCTGEEGGGTATGCACGCGATAGCAT TGCGAGACGC TGGAGCCGGAGCACCCTATG gictitgattcctgcctcatcoccatta atcgcacctacgtiicaatattacaggcgaacatacttactaaagtgigttaatias
CTATTAACCACTCACGGGAGCTCTCCATGCATTTGGTA CGTCTGGEGGETATGCACGCGATAGCAT TGCGAGACGC TGGAGCCGGAGCACCCTATG GATTCCTGCCTCATCCCATTATTTATCGCACCTACGT TCAATAT TACAGGCGAACATACT TACTAAAGTGTGTTAATTAL
CTATTAACCACTCACGGGAGC TCTCCATGCATTTEGTA CGTCTGGEEGEEGTATGCACGCGATAGCAT TGCGAGACGL TGGAGCCGGAGCACCCTATG gattccigcctcatcccatta atcgcacctacgtiicaatattacaggcgaacatacttactaaagtgigitaatias
CTATTAACCACTCACGGGAGCTCTCCATGCATTTGGTA CGTCTGGEGGETATGCACGCGATAGCAT TGLGAGACGC TGGAGCCGGAGCACCCTATG GATTCCTGCCTCATCCCATTATTTATCGCACCTACGT TCAATAT TACAGGCGAACATACT TACTAAAGTGTGTTAATTAL
CTATTAACCACTCACGGGAGCTCTCCATGCATTTGGTA CGTCTGEEEEGTATGCACGCGATAGCAT TGCGAGACGC TGGAGCCGLAGCACCCTATG gattcctgectcatcccatta atcgcacctacgttcaatattacaggcgaacatacttactaaagtgtgttaattas
ctattaaccactcac agctctccatgecatttggta cgtctgqqoggtatgcacgcgatageatigogagacge agccggagcaccctatg gattccigectcateccattatttatcgeacctacqgtitcaatattacaggogaacatacttactaaagtgtgttaattas
ctattaaccactcac agctctccatgecatttggta catctgggoagtatgcacgcgatageattgogagacge agccggagcaccctatg gattccigcctcatcccattatttatcgeacctacgtitcaatattacaggocgaacatacttactaaagtgtgttaattas
attaaccactcac agctctccatgca ggta cgtciggoqqgtatgcacgcgatagcatigocgagacge agccqggagcaccctatglic ATTCCTGCCTCATCCCATTA ATCGCACCTACGTTCAATATTACAGGCGAACATACT TACTAAAGTGTGT TAATTAA
attaaccactcac agctciccatgca qgta cgtciggogggtatgcacgcgatagcatigogagacge agccqggagcaccctatgic ATTCCTGCCTCATCCCATTA ATCGCACCTACGT TCAATATTACAGGCGAACATACTTACTAAAGTGTGTTAAT TAR
ATTAACCACTCACGGGAGCTCTCCATGCATTTGGTA CGTCTGGEEGGGTATGCACGCGATAGCAT TGCGAGACGC TGEAGCCGGAGCACCCTATGTCG CCTGCCTCATCCCATTATTTATCGCACCTACGT TCAATAT TACAGGCGAACATACTTACTAAAGTGTGT TAATTAS
ATTAACCACTCACGGGAGCTCTCCATGCATTTGGTA CGTCTGGEEGGETATGCACGCGATAGCAT TGCGAGACGL TGGAGCCGGAGCACCCTATGTCG CCTGCCTCATCCCATTATTTATCGCACCTACGT TCAATAT TACAGGCGAACATACT TACTAAAGTGTGT TAAT TAS
attaaccactcacgggagciciccatgcatitggta cgtciggggggtatgcacgcgatagecat tgogagacge tggagccggagcaccctatgicg CCTGCCTCATCCCATTATTTATCGCACCTACGT TCAATAT TACAGGCGAACATACT TACTAAAGTGTGT TAAT TAA
aaccacicacqggagctctccatgcatitggta cgtctgggqggtatqcacgcgatagcat tgogagacgciggagocggageaccciatgicge CCTGCCTCATCCCATTATTTATCGCACCTACGT TCAATAT TACAGGCGAACATACT TACTAAAGTGTGT TAAT TAA
BACCACTCAC agctctccatgecatttggta cgtctgqgoggtatgcacgcgatageatigogagacqe agccggagcaccctatgiege cctgcctcatcccattatttatcgecacctacgttcaatattacaggcgaacatacttactaaagtgtgttaattas
aaccacicac agciciccatgecattiggta cgicigqggggiaigcacgegatageal fgogagacge fggagecggagecaccciatgicgeag cigccicatcccattatttatcgecacciacgiicaatattacaggcgaacatactitactiaaagigigitaatias
ccactcacgggagctctccatgecatttggta cgtctggggggtatgcacgcgatagcattgogagacgciggagocggagcaccctatgicgeagta GCCTCATCCCATTATTTATCGCACCTACG T TCAATAT TACAGGCGAACATACTTACTAAAGTGTGTTAAT TAL
CACGGGAGCTCTCCATGCATTTGGTA CGTCTGGEEGGETATGCACGCGATAGCAT TGCGAGACGC TGGAGCCGGAGCACCCTATGTCGCAGTATCTG CCTCATCCCATTATTTATCGCACCTACGT TCAATAT TACAGGCGAACATACT TACTAAAGTGTG T TAATTAA
CACGGGAGCTCTCCATGCATTTEGTA CGTCTGEEGGETATGCACGLGATAGCAT TGCGAGACGL TGEAGCCGEAGCACCCTATGTCGCAGTATCTG ATCCCATTATTTATCGCACCTACGT TCAATAT TACAGGCGAACATACT TACTAAAGTGTGT TAAT TAL
acgggagctctccatgecattiggta cgtctggggggtatgcacgcgatagcattgogagacgciggagocggagcaccctatgicgeagtatetigic CCCATTATTTATCGCACCTACGT TCAATAT TACAGGCGAACATACTTACTAAAGTGTGT TAATTAL
GAGCTCTCCATGCATTTGGTA CGTCTGGEEGGEGTATGCACGCGATAGCAT TGCGAGACGC TGGAGCCGGAGCACCCTATGTCGCAGTATCTGTCTTTG cccatta atcgcacctacgtitcaatattacaggcgaacatacttactaaagtgigtitaatias
gcictccatgeattigata catctgggoagtatgcacgcgatageattgogagacge agccggagcaccctatgtcgeagtatctgtetttga cccattatttatcgecacctacgttcaatattacaggcgaacatacttactaaagtgigttaattas

gctctccatgecatttggta cgtctgggoggtatgcacgogatagcatigeogagacgetggageccggageaccctatgicgeagtatetgtcttiga ccattatttatcgecacctacgitcaatattacaggcgaacatacttactaaagtgtgttaattas

ciccatgcatttggta cgtcigqqgggtatgcacqgcgatageatigogagacqetggagecggageaccctatgicgeagtatetgtetttgatic ccattatttatcgcacctacgttcaatattacaggcgaacatacttactaaagqigigttaattas

CTCCATGCATTTGGTA CGTCTGGEGGGTATGCACGCGATAGCAT TGCGAGACGC TGGAGCCGGAGCACCCTATGTCGCAGTATCTGTCTTTGATTCC ATTATTTATCGCACCTACGT TCAATATTACAGGCGAACATACTTACTAAAGTGTGT TAATTAS

CTCCATGCATTTGGTA CGTCTGGEELGGTATGCACGCGA TAGCA T TGCGAGACGL TGGAGCCGGAGCACCCTATGTCGCAGTATCTGTC GATTCC atcgcacatacgttcaatattacaggcgaacatacttactaaagtgtgttaattias

CTCCATGCATTTGGTA CGTCTGGEEGGGTATGCACGCGATAGCAT TGLGAGACGC TGGAGCCGGAGCACCCTATGTCGCAGTATCTGTCTTTGATTCC atcgcacctacgticaatattacaggcgaacatacttactaaagtgtgttaattas

CTCCATGCATTTGGTA CGTCTGEEGEGTATGCACGCGATAGCAT TGCGAGACGC TGGAGCCGGAGCACCCTATGTCGCAGTATCTGTCTTTGATTCC atcgcacctacgttcaatattacaggcgaacatacttactaaagtgigitaattias

atgcatttggta cgtctgggoogtatgcacgcgatagcatigegagacgetggagocggagecaccctatgtegeagtatetgtetttgaticetgee cgcacctacgttcaatattacaggcgaacatacttactaaagtgtgttaattas

atgcatiiggta cgici*qggggiaigcacgecgatageal fgogagacge tggagoccqggageaccciatgicicagtaicigicttigaticcigee cgcacctacgitcaatattacaggcgaacatacitactiaaagigigitaattas

gcatttggta cgtctggoqggtatqcacgcgatagecatiqogagacgeciggagecqggagecaccctatgticgeagtatectgictttgatteetigecte GCACCTACGT TCAATAT TACAGGCGAACATACT TACTAAAGTGTGT TAATTAS

ggta cgtctggggogtatgcacgcgatagcatigegagacgetggagoccggagcaccctatgtcgeagtatetgtetttgaticctigectcatee gcacctacgttcaatattacaggcgaacatacttactaaagtgigttaattas

qgta cgtciggggggtatgcacgecgatageatigogagacqgeiggagecggageaccctatgicgeagiatcigic gattccigecicatee CCTACGTTCAATATTACAGGCGAACATACTTACTAAAGTGTGTTAATTAS

GTA CGTCTGGEEEEGTATGCACGCGATAGCAT TGCGAGACGC TGGAGCCGLAGCACCCTATGTCGCAGTATCTGTCTTTGAT TCCTGCCTCATCCCA cgttcaatattacaggcgaacatacttactaaagtgtgitaattas

GTA CGTCTGGEEGGEGTATGCACGCGATAGCAT TGCGAGACGC TGGAGCCGGAGCACCCTATGTCGCAGTATCTGTCTTTGAT TCCTGCCTCATCCCA acgttcaatattacaggcgaacatactitactaaagtgtgitaatias

a cgictggggogtatgcacgecgatagcatigeogagacgctggagoccggageaccciatgicgeagtatectgtcttigaticcigecicatcoccatta acgitcaatattacaggcgaacatactitaciaaagigigitaatias

cgtciggoqggtatgcacgcgatagcatiqocgagacge agccqgagcaccctatgicgecagtatecigic gattcctgectcatcccatta ACGTTCAATATTACAGGCGAACATACTTACTAAAGTGTGT TAATTAL
cgtctggggogtatgcacgcgatagcatigegagacgctggagoccggagcaccctatgicgeagtatetgtetttgaticctigectcateccatta caatattacaggcgaacatacttactaaagtgtgitaattas

catctgggoagtatgcacgcgatageattgogagacge agccggagcaccctatgtcgeagtatetgictttgattcctgectecateccatta caatattacaggcgaacatacttactaaagtgtgttaattas
cgtctgggoogtatgcacgcgatagcatigegagacgetggagoccggageaccctatgicgeagtatetgtetttgatticctgectcateccatta caatattacaggcgaacatacttactaaagtgtgttaattas
cgtctggggggtatgcacgcgatagcattgocgagacgctggagocggagcaccctatgicgeagtatctgictttgaticctgectcatcccatta CAATATTACAGGCGAACATACTTACTAAAGTGTGT TAATTAL

CGTCTGGEGGGTATGCACGCGATAGCAT TGCGAGACGC TGEAGCCGGAGCACCCTATGTCGCAGTATCTGTCT TTGATTCCTGCCTCATCCCATTATTTA CAATATTACAGGCGAACATACTTACTAAAGTGTGTTAATTAL

GGGGTATGCACGCGATAGCAT TGCGAGACGL TGGAGCCGGAGCACCCTATGTCGCAGTATCTGTCTTTGAT TCCTGCCTCATCCCATTATTTATCGCACC CAATATTACAGGCGAACATACT TACTAAAGTGTGTTAATTAL

GTATGCACGCGATAGCATTGLGAGACGC TGGAGCCGGAGCACCCTATGTCGCAGTATCTGTCTTTGATTCCTGCCTCATCCCATTATTTATCGCACCTACG  CAATATTACAGGCGAACATACT TACTAAAGTGTGT TAAT TAL
gcacqcqatagcattgogagacqgctggagocggagecaccctatgicgeagtatctgic gattcctgectcatcccatta atcgcacctacgitc ATATTACAGGCGAACATACTTACTAAAGTGTGTTAAT TAA

GCACGCGATAGCAT TGCGAGACGC TGGAGCCGGAGCACCCCATG TCGCAGTATCTGTCTTTGAT TCCTGCCTCATCCCATTATTTATCGCACCTACGTTCA tattacaggcgaacatacttactaaagtgtgttaattas

GCACGCGATAGCAT TGCGAGACGC TGGAGCCGGAGCACCCTATGTCGCAGTATCTGTCTTTGATTCCTGCCTCATCCCATTATTTATCGCACCTACGTTCA tattacaggcgaacatacttactaaagigigttaatias
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Approche Méthodologique

Une Soupe Métagénomique
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Approche Méthodologique

Capture Génique

KID>AD- D>
’ 1 L
BANQUE D'ADN = oo
D> XD
<[P <qDADADADD>
@@QD@@ @@@@@
<{D>}ADADADXAD>* <A
<X <ADXDXADAAD
[DX>AAAD> < {DA>ADADID>
<{[DXD}IDHADD>

ADHAIDXADADXID> <DXD}AADAD>
<{(DXIDXIDXADXID>
<D>XADADAD>
Denaturation

ww

ATTN
NIl
ATTN, ATTN
\ s Ui s
'u/'“"
s

DNA/RNA bait

HYBRIDATION
GENE(S) SEQUENCAGE AMPLIFICATION
CHROMOSOME(S) [NGS] e\ AT [PCR]
GENOME |
[CIBLES]

Orlando et al. Nat Rev Genet 2015
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Approche Méthodologique

Authentification

— EEAGCTCACGGECGCCHAAT CCCCATAGCGAT
LLEONMOLOLONOODOLIMODODIMIODDLE

| Dépurination

A GTC CCGECCCCHAAT CCCCATAGCGAT
LLIONOIDLONOD DLINMOODODIMIOODIM

| Fragmentation
CGGIECGCGEATGCGCATARGCGAT
OLIND

DODIMLOODIN

Overhang | pésamination
I GGECGCGCEAATGCGCATAGCGAD
DOLIND

DODIMIDODIN
. Désamination

1) GG GECEET CCCCATRGCGEN —
OLINMDODOIMIODDINM
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Les Sources d’ADN Ancien

Subfossiles




Les Sources Preféerees d’ADN Ancien

L'Os Pétreux
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Gamba et al. Nat Ecol Evol 2014
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Les Limites Temporelles de Préservation

Le Pléistocene Moyen

560-780 kBP
Permafrost

1.1X Génome
Orlando et al. Nature 2013




Les Limites Temporelles de Préservation

Le Pléistocene Moyen
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Orlando et al. Nature 2013



Les Limites Temporelles de Préeservation

Le Pléistocéne Moyen .
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Au-dela de I'ADN endogeéne

Les Communautés Microbiennes
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Au-dela des Séequences ADN

L'état Chromatinien

‘ Nucleosome ; EE%G

Pedersen et al. Genome Res 2014 / Hanghgj et al. Gigasciences 2019



Au-dela des Séequences ADN

L'état Chromatinien

@0 soven

Pedersen et al. Genome Res 2014 / Hanghgj et al. Gigasciences 2019



Au-dela des Séequences ADN

L'état Chromatinien

Depth-Of-Coverage

Pedersen et al. Genome Res 2014 / Hanghgj et al. Gigasciences 2019
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Au-dela des Séequences ADN

L'état Chromatinien
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De Nouveaux Phénotypes dans le Passé

L'Age & la mort
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Liu et al. iScience 2023
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L’ADN fossile, Revélateur de normes sociales

Sexe / Apparentement (1¢" degré) / Couleur / Age / Entiers

Lower level

Upper level

Librado et al. Science 2017 / Liu et al. iScience 2023



L’ADN fossile, Revélateur de normes sociales

Les Pratiques Funéraires, I' Apparentement & Les Regles Maritales
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L'’ADN fossile... sans fossile!

L'ADN Environnemental Ancien



L'’ADN fossile... sans fossilel

L'ADN Environnemental Ancien

New Zealand, 600 y | Siberia, 10.4-30 kya

Willerslev et al. Nature 2003



Les Cottes
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L'’ADN fossile... sans fossile!

L'ADN Environnemental Ancien
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Slon et al. Nature 2018



L'’ADN fossile... sans fossilel

L'ADN Environnemental Ancien
Wang et al. Nature 2021
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