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Why horses?

The horse (DOM2) 
provided the fastest way
of transportation during

millennia, until the 
invention of motor engines







Expansion of steppe pastoralists from
the steppe, starting 5000YA: YAMNAYA

2/3 of a present-day Central European 
person descends from that migration 
(5000YA)

Steppe hypothesis

CWC



1683
Ottoman vs. Holy Roman



The modern domestic horse (DOM2)

Domestic
(DOM2)

Hundreds of breeds
Large diversity of sizes, shapes and colors



The modern (wild) horse

Przewalski’s

Critically endangered (UICN) 
2,100 individuals

Recovered from a stock of 12-16 
individuals in zoos

Reserves in Mongolia
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The relationship between modern horses

Przewalski’sModern domesticates
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The relationship between modern horses



https://indo-european.eu/maps/
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Horse domestication at BOTAI

5.5KYA
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17

33
50

-2
95

0 
BC

E

Horse domestication at BOTAI
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Credit: Alan Outram

https://indo-european.eu/maps/

Botai horses
Gaunitz et al. 2018

20 ancient Botai horses (5.5KYA)
+

A handful of Borly horses (5KYA)
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Fages et al. 2019

https://indo-european.eu/maps/

Gaunitz et al. 2018
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< 4000 KYA: Expansion of DOM2

GENE FLOW 
CORRIDOR

GENE FLOW 
BARRIER

Orange-colored genomic ancestry in pie 
charts is typical of DOM2 horses

DOM2 already everywhere
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>5000 KYA: DOM2 Homeland

GENE FLOW 
CORRIDOR

GENE FLOW 
BARRIER
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>5000 KYA: DOM2 Homeland

GENE FLOW 
CORRIDOR

GENE FLOW 
BARRIER

Orange-colored genomic ancestry 
maximized within the Pontic Caspian 

steppe
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>5000 KYA: DOM2 Homeland

GENE FLOW 
CORRIDOR

GENE FLOW 
BARRIER

Homeland of Pontic Caspian steppe
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>5000 KYA: DOM2 Homeland

GENE FLOW 
CORRIDOR

GENE FLOW 
BARRIER

Homeland of Pontic Caspian steppe

CWC

5000 ya



GENE FLOW 
CORRIDOR

GENE FLOW 
BARRIER

Homeland of DOM2



GENE FLOW 
CORRIDOR

GENE FLOW 
BARRIER

Incongruence: CWC vs. DOM2



GENE FLOW 
CORRIDOR

GENE FLOW 
BARRIER

Incongruence: CWC vs. DOM2

0%



≥4,200 BP



DOM2
Ancient
Modern

0-4,200 BP ≥4,200 BP



Conclusions

The new era of horse-based mobility started 
4,200YA, and not before

This is something we only can know thanks to ancient DNA



HOW?



HOW?

Docility -> Neural crest (neural tube) -> Impact many other phenotypes typical of the domestication syndrome



Edible insect domestication

Forward

T. molitor

Present

Short generation times!

Backward

Ancient genomes

Millions of museum specimens in 
entomological collections



T. molitor reference genomes
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Ancient genomes

Millions of museum specimens in 
entomological collections

200-300Mb

T. molitor reference genomes



Forward

T. molitor

Present

Short generation times!

Backward

Ancient genomes

Millions of museum specimens in 
entomological collections

400 Mb
Real: 750-800 Mb

T. molitor reference genomes



Forward

T. molitor

Present

Short generation times!

Backward

Ancient genomes

Millions of museum specimens in 
entomological collections

277 Mb

T. molitor reference genomes



N50 : 36 Mb
690 Mb (or 485 Mb?)

we can and we will do betterO
ld assem

bly (400M
b)

Our assembly (485-690Mb?)



Modern population diversity

Commercial lines



Edible insect domestication

German line



Serbian line

Modern population diversity



Modern population diversity

China/South Korea
(non-industrial)



China/South Korea
(non-industrial)

Modern population diversity



China/South Korea
(non-industrial)

Modern population diversity



0.0032-0.0035

0.0039-0.0047

0.0044-0.0055

Modern population diversity



0.0032-0.0035

0.0039-0.0047

0.0044-0.0055

Modern population diversity

What about ancient samples?



Modern & ancient population diversity



Modern & ancient population diversity

Commercial lines



Modern & ancient population diversity

Commercial lines scutellum



Modern & ancient population diversity



0.003

Modern & ancient population diversity



0.003
~0.01

Modern & ancient population diversity



0.003
~0.01

Modern & ancient population diversity

Wild lineages exist but their diversity is 
no longer the same



0.003
~0.01

Modern & ancient population diversity

Wild lineages exist but their diversity is 
no longer the same



Edible insect domestication

Same population evolving over time



Ancient diversity

Very ancient <1950



Less ancient > 1950

Ancient diversity



Less ancient > 1950

Madrid 1991 (Captivity)

Ancient diversity



Ancient diversity



Ancient diversity



Ancient diversity

Foundational bottleneck?



Genetic differentiation



Genetic differentiation

1Mb-long windows



Genetic differentiation
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Genetic differentiation

1Mb-long windows

Scaffolds

F S
T

Gene2Gene1

short lived
abnormal immune response

https://flybase.org/reports/FBcv0000385
https://flybase.org/reports/FBcv0000448


Genetic differentiation

1Mb-long windows

Scaffolds

F S
T

larval ventral nerve cord
primary pigment cell

Gene2Gene1

short lived
abnormal immune response

http://flybase.org/reports/FBbt00001102
http://flybase.org/reports/FBbt00004231
https://flybase.org/reports/FBcv0000385
https://flybase.org/reports/FBcv0000448
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(especially to our collaborators)
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