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Horses As Keys To Past Societies

A Windows Into The History of Givilisation

Transportation, Communication, Warfare, Agriculture
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Domesticated Horses, A Mine For Gensticists

An Extra-ordinary Phenotypic Diversity




Domesticated Horses, A Mine For Gensticists
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An Extra-ordinary Phenotypic Diversity

48 Horses from 16 extreme size breeds
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Four Loci Explain 83% of Size Viariation in the Horse



The Process of Horse Domestication

A Windows Into Evolution
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Horse Comparative Genomics

Przewalski s Horses
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When Did We First Domesticats

Horses?
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Horse Domestication

The Earliest Evidence of Horse Milking and Harnessing
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Horse Domestication

Pre-Botai Horse Domestication: David Anthony's Scenario

S’yezzhe (ca. 4800 BC).
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What Can We Learn About Early

Domestication Ffrom Modern DNA?




Phylogeographic Expectations

Rationalg

Wild Populations
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Phylogeographic Expectations

Rationale

Q0000C

Genetic Diversity @ @

@ OO0
@O0000
Q0000

Wild Populations, Domestication Centre, Demic Diffusion




Phylogeographic Expectations
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Phylogeographic Expectations

Example: European Taurine Cattle (240 bp, mtDNA Control Region]

Troy et al. Nature 2001



Mitochonarial DNA

Median-Joining Networks & Neighbor-Joining Tree (35abp
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Mitochonarial DNA
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Lots Of Mares Must Have Been Involved In The Domestication Process
Which Also Involved Substantial Restocking From The Wild
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Paternal Lingages

Y-Chromosome (52 Stallions, 15 breeds )
Ardennais, Akhal Teke,

Connemara,  Arab,

XGontrol — Bymoor Caspian Pony

Pairwise ¢ []4,3 k) (23ko)  Ford Khuzestan Areh,
ngellp Gotland, Malwari,
Diversity loalandic, Thai Pony
- Shetland,
North-Swedish,
— Thoroughbred

Lindgren et al. Nat Genet 2004



Horse Domestication Model
N Mares, ~1Stallion
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Microsatellites
Neighbor-Joining Tres (%Allele-Sharing in 10 Breeds)
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Vila et al. Science 2001



Microsatellites
Neighbor-Joining Tres (%Allele-Sharing in 10 Breeds)
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single Nucleotide Polymorphisms

Revealing Breeding Management
American Standardbred Horses

| if I‘f.-ll'lﬁll L

Petersen et al. J Hered 2014
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What Can We Learn About £arly Domestication From Modern DNA?

Not Much!
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Goat Color Genes
Ancient DNA: Candidate Marker Genotyping




Goat Color Diversity
Spotted Horses (TRPMI) Through Space and Time
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Gait

Why Do We Need Genomes?

Many Additional Traits Have Been Selected

Speed/Endurance

Temper

Ec...
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Historical Genomes




The Genomics Of Domestication

Comparing Genomes of Wild Animals and Domesticates
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Der Sarkissian et al. Curr Biol 2015




bonservation/Comparative Genomics

Extant Przewalski’s horses
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966

«  Representing all founding lingages
o F1Przewalski x Mongolian hybrid
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Conservation Museomics

Ancient Founders of Gaptive Przewalski's horses - early 1900s

Putative F1Mongolian x Przewalski's hybrids
9t Gentury AD Holotype & Paratype
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Conservation Museomics

Overall Genome Dataset

Przewalski's horses

Domesticated horses

Ancient

Modern

CGG10022 - 43 ky

€GG10023 - 16.5 ky
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Gonservation/Comparative Genomics
Quantifying The Effects of Captivity
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Lomparative Museomics

Wild vs. Domesticates

D-Statistics




[omparative Genomics

Wild vs. Domesticates

-Statistics
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Fvolutionary Genomics

Population Model
SFS-based Sadi Reconstructions

data
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Fvolutionary Genomics

Population Model
SFS-based Sadi Reconstructions
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Evolutionary Genomics
Population Model

Genome Projections on Our Przewalski's horse Genome Panel
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Fvolutionary Genomics
Population Model

Genome Projections
LGM
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The Genomics of Horse Domestication

Summary |

» Horse domestication involved
significant restocking from the wild

o Przewalskr's horses are NOT the
ancestors of domesticated horses

» Understanding horse domestication,
thus, requires temporal data PRZ DOM

Der Sarkissian et al. Curr Biol 2015
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The Genomics of Horse Domestication

Summary |

» Horse domestication involved
significant restocking from the wild

o Przewalskr's horses are NOT the
ancestors of domesticated horses

» Understanding horse domestication,
thus, requires temporal data PRZ DOM

Der Sarkissian et al. Curr Biol 2015
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| ate Pleistocene Genomes




sequencing Ancient Horse Genomes
Overall Approach

December 30, 2014 | vol. 111 | no. 52 | pp. 18401-18800

ONA

Proceedings of the National Academy of Sciences of the United States of America WWW.pnas.

Genetics of horse domestication

Schubert et al. PNAS 2014
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The Population Model Underlying Domestication
Phylogenetic Relationships

%: CcGG10023
. cGG10022
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\
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Thoroughbred
Standardbred

Whole-Exome ML-tree (20,374 Genes, each Partitionned as 15+ 3rd)
TreeMix (2,886,345 SNPs )
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The Population Model Underlying Domestication

Population Admixture

Ancient Domesticated Przewalski



The Population Model Underlying Domestication

Dating Population Splits through Demographic Trajectories

He’1~Ne1 He'z"‘Ne2 He’_,,"‘Ne3

Pairwise Sequential Markov Coalescent
From Li & Durbin Nature 2011



The Population Model Underlying Domestication
Dating Population Splts

== SB281

= KB7754
== Twilight

== CGG10022

-

Effective population size (x 10,000)

Time (x 1,000 years)

PSMC Demographic Profile
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The Population Model Underlying Domestication
Dating Population Splits




The Population Model Underlying Domestication
Dating Population Splits




The Population Model Underlying Domestication
Dating Population Splts
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The Population Model Underlying Domestication

Population Admixture

---------- T5~150,000 Years Ago

---- T,~45,000 Years Ago

OOOOOOOOOOOOO /;E

Ancient Domesticated Przewalski

-- T,~5,500 Years Ago




The Population Model Underlying Domestication

Admixture; D-statistics
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bandidate Domestication Genes

seans for Positive Selection

Locomotion . 125 Genes

*ACTA1, C-SKI, MYBPC1, SGCD (Myopathies)
*VRK1, TCTN1, CNTN6 (Balance, Motor coordination)
*COL22A1 (Myotendinous, Articular junctions)

Cardio-Vascular

*ACADS, BRAF, FANCA, SGCD, CACNA1D
(Cardiomyopathies)

Cognition/Behaviour

*NR3C2, SCPeP1, WNK2, CACNA1D (Regulation of Blood Circulation -
Pressure)

Skeleton

*ACSF3, B3GALTL, GNPTAB, NIPBL, POP1

(Skeletal dysplasia, Shortened Limbs) Muscles |
Cognition/Behaviour Bones ————e

*NINJ1, NTM (Neural growth)

*MATN2, DCC, ASTN1 (Axon and Glial Guidance)

*DLGAP1 (Synapse Plasticity)

*ALK, NUMB (Neurogenesis)

*B3GALTL, GNPTAB, NIPBL, VDAC1 (Psychomotor retardation,
Learning disability)

*VDAC1 (Fear response)

*CACNA1D, GRID1 (Social behavior and Schizophrenia) -

59



The Cost of Domestication
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Deleterious
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The Cost of Domestication
Uuannfymg Mutatmn Luads
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The Cost of Domestication
Quantifying Mutation Loads

> el ERP

Load, = - -

Conditioned on:
*Homozygous Sites
*GERP>2 (i.e. Non-Neutral)



Deleterious mutation load

o

o

o
I

475-

The Cost of Domestication
Demography & Purifying Selection: Genetic Loads

Kolmogorov-Smirnov (Holm-Correction)
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The Genomics of Horse Domestication

Summary 2

« We discovered a now extinct population of Wild
Horses

« This population significantly contributed to the
penetic makeup of domesticated horses

« Locomotory, Physiological, Developmental and
Behavioral Genes were domestication fargets

« Horse domestication was costly and enhanced
deleterious mutation loads ANC DOM

Sehubert et al. PNAS 2014

PRZ
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Holocene Genomes




The Genomics of Gold Adaptations

Evolutionary Origins of Yakutian Horses
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The Genomics of Cold Adaptations

Evolutionary Origins of Yakutian Horses

CGG10022 18-3X

1 [ CGG10023 ’

Batagai
Icelandic

CGG101397
Yak2

71

Modern Yak 190

42
36

Yak8
rMng_D2629
154 LMng_D2628

32

Fjord
Mor_EMS595
Qrt_A5659

:E $9—— | Standardbred (N=3)

[ Arabian
= Qrt_A5964

| Franches—Montagnes (N=4)

90— | Przewalski's horses (N=3)

Whole-Exome (ExaML), SNP (TreeMix)

ANG

PRL
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The Genomics of Cold Adaptations
Evolutionary Origins of Yakutian Horses

Admixture Tests

A YK s A K s
és DOM A} és DOM A%
B 52[1[] B 8 |%th B

A T8 A

(f3- and) D-statistics




The Genomics of Cold Adaptations

Evolutionary Origins of Yakutian Horses

Demographic Model

B Observed
B Three-epoch model
O  Neutral model

Noﬁxed from PSMC

; mmmmmﬂﬂﬂﬂmmmmmmmm

Allele frequency

dadi Analyses (SFS-hased]

LGM
R -e-ca'y 18.5 kya
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The Genomics of Cold Adaptations

Yakutian Horses: An extremely fast adaptive history




The Genomics of Cold Adaptations

The Genetic Makeup of Yakutian Horses

,,,,,,,,
88888
77777

I
Upstream Kilobases
w1 2 3 45 8 738 011

dA differentiation index
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T6M3

The Genomics of Cold Adaptations

The Genetic Makeup of Yakutian Horses

it S D2

LECT2 and TGM3, 2 opposite cases of differentiation
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The Genomics of Cold Adaptations

The Genetic Makeup of Yakutian Horses

Hypothalamus-Pituitary-Adrenal Axis
Steroid metabolism & Hypothyroidism
Glycogenesis, Glucose Metabolism (PHIP) 4, Development (BARX2)

Accumulation of Fat

Blood Volume & Oxidative Stress
Vasoconstriction (PRKG1) & Shivering

Body Weight/Size
Limb Development

Metabolic, Morphological and Physiological Traits
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o The third extinct population of wild horses

o Yakutian horses represent the descent of a

«  Regulatory changes drive rapid adaptation to

The Genomics of Cold Adaptations

Summary 3

survived at leat until 4.4 kya, and extended
to Far-Eastern Siberia

recent founder event from domestic i
ivestocks 7%

extreme environments & ‘§""

T

Librado et al. PNAS, Minor Revisions
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Onooing Work




bandidate Domestication Genes

Scans for Positive Selection (& Admixture)
Late Pleistocene - fime




bandidate Domestication Genes

Scans for Positive Selection (& Admixture)

? (16-43 ka) 2 (0.154ka)
O O
2[Unpge>r ) A[P[m-ﬂm?i] 1l (Bronze Age)
o (Botai
O - 9 o)
O 13 (Skythian)
O O 9 (ronze Age) 4 (Great Mongolian Empire)

? (Bronze Age) 12 (Byzantine)

64 Medium (2-6X ) to High (25X ) Quality-Genomes
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M‘% Providing Unprecedented Levels Of Information
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Retrace Orlgms Traits, Diet, Diseases & Somal Influence




Evolutionary History

Gut Microbiomes: Preliminary Data
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PC3-3.58% PC1-9.44%

Is Differentiated, Supporting Domestication-Driven Changes




—

T (i o &w; - i “—
i 1 : sl
WL TN T
“ m fi ". L[J 14

J i M (TR
Il/£ * , I AT
Wi 7 . ; " !ﬁ
Wik {3 1 T
‘ﬂ' . . LI
= nuﬂuntac %1l ds W ulliiins kel
W Bk i l “ “ ol s - R TR E R T } mim

Retrace Orlgms Traits, Diet, Diseases & Social Influence

- l ' L] il i 155 I ]
’ 3 e | . % ) | ] & “H I 5 “L‘L o { 1Y
anm o mR) ] e 3 i - 1 A LT =TT



Horses As A Unigue Opportunity To Merge
Genetics, History & Archaeology

R

Archaeu oqy

As Three Complementary Proxies For Studying The Past
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