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Domestication: a turning point



Why investigating domestication 
and post-domestication history

Domestic animals
molecular genetics
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Multiple domestications

Sheep
10000 b.p.

Pig
8000 b.p.

Donkey
6000 b.p.

Dromedary
5000 b.p.

Camel
4500 b.p.

Horse
6000 b.p.

Chicken
5000 b.p.

Water buffalo
5000 b.p.

Llamoids
6500 b.p.

Cattle
10000 b.p.

Goats
10000 b.p.

Turkey
3500 b.p.



Archaeology and archaeozoology

Change in tools
Change in settlements
Artistic representations

Bone and horns
morphology and size

Temporal shifts in faunal
distribution

Sex ratio of remains

Radiocarbon dating

Cattle ancient remains
8500 BC in the Fertile Crescent 7000 BC in the Indus valley
6500 BC in Africa 4000 BC in North East Asia 

(Meadow, 1993; Helmer et al., 2005; Payne & Hodges 1997)

Zeder M. A. PNAS 2008;105:11597-11604



Darwin and Domestic Animals



Darwin and domestic animals



Darwin and domestic animals
No doubt man selects their varying individuals, 
sows their seeds, and again selects their varying
offspring…

Man therefore may be said to have been trying an
experiment on a gigantic scale; and it is an
experiment wich nature during the long lapse of 
time has incessantly tried

C. Darwin The variation of animals and plants under domestication
London: J. Murray  1868



Darwin's observation on domestic animals

Same genetic
process during

the 
domestication

of different
species?

Trut 1999, 
American 
Scientist

Trut 2009, 
BioEssays



A domestication experiment



Belyaev hypothesis
• Behavior is regulated by a fine balance between  

neurotransmitters and hormones
• Genes that control that balance occupy a high 

level in the hierarchical system of the genome. 
• Slight alterations in those regulatory genes 

produce a network of changes.



The farmed fox Belyaev
experiment



Results
• Change in morphological traits (ears, tail, 

spotting, skeletal)

Epigenetics and genomics!

• Delay in development, neotenic behavior
• Early puberty and loss of seasonality
• Attenuated activity of the Hypothalamic-Pituitary-
Adrenal axis (stress response and fear)



A few DNA glances in the past



Two genomes, three modes of 
transmitting information



Haplogroups and haplotypes

Groups of sequences
descending from a common 

ancestor
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Cattle Genechip ~54001 SNPs



Glance 1: B. indicus and
B. taurus domestication

event(s)



B. taurus and B. indicus

Divergence between Bos indicus and Bos
taurus dates back at least 100.000 years

Two auroch subspecies domesticated in 
different geographic areas some 10.000 b.p.

mtDNA: D-loop 281 pb; 
NJ tree

Troy et al., 2001 Nature



Multiple Bos taurus domestication events?

??

Troy et al. Nature 2001

In Africa (T1)?  In Eastern Asia (T4)?

Zeder et al., 
TIG, 2006



Achilli et al., 
2008

A single Bos taurus
domestication event



Glance 2: European auroch
contribution to taurine diversity



European Bos
primigenius

genetic
contribution to

domestic cattle?

Achilli et al., 2009 PLoS ONE



Glance 3: colonization routes



Cattle colonization routes in EuropeCattle colonization routes in Europe

Beja-Pereira et al., PNAS 2006



Towards a strategy for the conservation of the 
genetic diversity of European cattle

D Laloë, K Goudarzi
France
Germany
Italy
Netherlands
Spain
Sweden
Croatia
Poland/Czechia
Denmark



Central Europe Near East

Reduced Median-joining Networks – Pellecchia et al., 2007

Italy

11 Italian Breeds (N=164)



All haplogroups (T, T1, T2 and T3)

T3 only



Central Italian cattle breeds Central Italian cattle breeds 

CalvanaCalvana

MaremmanaMaremmana

CabanninaCabannina

ChianinaChianina



When did they arrive?



Links with Etruscan civilization

Time

Geography

Achilli et al 2007
Am. J. Human Genet.

Human data

Pellecchia et al 2007
Proc. R. Soc. B



ALL ROADS TAKE TO ROMEALL ROADS TAKE TO ROME……..?..?

Before Rome many roads
already took nearby, to
Tarquinia, Caere, Cerveteri, 
Chiusi, Murlo…



Glance 4: the signatures of 
selection



Selection signature

Courtesy of Tad Sonstegard USDA

The bovine HapMap Consortium et al., 2009, Science



Selection signature

Courtesy of Tad Sonstegard USDA



Selection signature

Courtesy of Tad Sonstegard USDA



Selection signature

Courtesy of Tad Sonstegard USDAPoster 53-26

Δ all freq

Δ all
freq and 

Fst



What’s Next?



….Sequencing….

107 € 105 € 104 € (?) 

Saving reagents

Highly parallel analyses

New technologies

Milions SNPs in the cattle genome



A Global View

Nordic project?

www.globaldiv.eu



The ultimate glance in the past

Research Centre on Modern and Ancient DNA diversity - BioDNA (Piacenza-IT)



• Resgen Consortium
• Bovine HapMap Consortium
• SelMol Consortium
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Thank you
for your attention

Thank you
for your attention
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