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Geographical patterns of
cattle, sheep and goat diversity

Clines, clusters, introgression, and a conservation  dilemma

� Reconstruct history of the genetic landscape 
migration, introgression, breed formation
> partitioning of diversity, relationships of breeds,

geographic effects

� Compare cattle, sheep and goat 

� Indicate priorities for conservation

Geographical patterns of
cattle, sheep and goat diversity

Clines, clusters, introgression, and a conservation  dilemma
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� Reconstruct history of the genetic landscape 
migration, introgression, breed formation
> partitioning of diversity, relationships of breeds,

geographic effects

� Compare cattle, sheep and goat 

� Indicate priorities for conservation

Geographical patterns of
cattle, sheep and goat diversity

Clines, clusters, introgression, and a conservation  dilemma

� Microsatellites
- cattle, core data set : 77 breeds, 25-50 animals/breed, 

30 markers
- cattle, previous data : 104 breeds, 25-50 animals/breeds, 

15-26 markers
- sheep : 56 sheep, 50 animals/breed, 31 markers (Giessen)
- goat : 46 breeds, 50 animals/breeds, 30 markers (Berne, Madrid)

� AFLP (Utrecht, Piacenza )

� SNPs in candidate genes

� mtDNA variation in sheep and goat 

� Y-chromosomal SNPs ( SNPs in 7.5 kb
Utrecht, Hubrecht Laboratory )

Geographical patterns of
cattle, sheep and goat diversity

Clines, clusters, introgression, and a conservation  dilemma
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� Microsatellites
- cattle, core data set : 77 breeds, 25-50 animals/breed, 

30 markers
- cattle, previous data : 104 breeds, 25-50 animals/breeds, 

15-26 markers
- sheep : 56 sheep, 50 animals/breed, 31 markers (Giessen)
- goat : 46 breeds, 50 animals/breeds, 30 markers (Berne, Madrid)

� AFLP (Utrecht, Piacenza )

� SNPs in candidate genes

� mtDNA variation in sheep and goat

� Y-chromosomal SNPs ( 7.5 kb, 800 animals,
Utrecht, Hubrecht Laboratory )

Geographical patterns of
cattle, sheep and goat diversity

Clines, clusters, introgression, and a conservation  dilemma

� Microsatellites
- cattle, core data set : 77 breeds, 25-50 animals/breed, 

30 markers
- cattle, previous data : 104 breeds, 25-50 animals/breeds, 

15-26 markers
- sheep : 56 sheep, 50 animals/breed, 31 markers (Giessen)
- goat : 46 breeds, 50 animals/breeds, 30 markers (Berne, Madrid)

Geographical patterns of
cattle, sheep and goat diversity

Clines, clusters, introgression, and a conservation  dilemma

� Y-chromosomal SNPs ( 7.5 kb, 800 animals,
Utrecht, Hubrecht Laboratory )

Analysis
- Model based-clustering of multilocus genotypes
- Network representation of genetic distances
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Model-based clustering
Structure, J. Pritchard (2000)

� Originally designed for detection of stratification in genetic
association studies

� Finding subdivision by optimization of Hardy-Weinberg
and linkage equilibria via Monte-Carlo procedure

� Bayesian assignment of individuals to k clusters 

� Application to human genotypes
(Rosenberg et al., 2002, Science 298, 2381-2385 ) praised by the Lancet
as  ‘ the most relevant biomedical publication in 2002’
and already in textbooks
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> 3 main groups of breeds
- North-West
- Central
- Mediterranean

North-West                               Central                    Mediterranean

Model-based clustering of cattle
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Model-based clustering of cattle
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� 8 clusters of breeds

� 2 intermediate zones

� New classification of breeds
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� Genetic distances?
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Visualization of distance analysis

� Trees (hierarchical clustering)
confounded by reticulation
(e.g., relationships of breeds from different clusters)

� Coordinate plots > geospatial gradients
display part of the information
confounded by inbred breeds

� Networks for more complex situations
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Same distance

A

B

C

D

Distance analysis
example of reticulation

A

B

C

D

Distance analysis
networks for reticulated data set

NeighborNet: networks via Neighbor-Joining
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Distance analysis of cattle breeds
Neighbor networks

� Again 3 major groupsNorth-West

Central
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Distance analysis of cattle breeds
Neighbor networks

� Again 3 major groupsNorth-West

Central

Mediterranean

Baltic-Highland
Red

Lowland 
Pied

NW intermediates

British

Iberian

Podolian

French-Pyrenean

Central-WestCentral Brown

Central Intermediates

� Network reproduces clusters

� NW breeds more developed

� Visualization only incomplete
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Distance analysis of cattle breeds
Neighbor networks of clusters

Reduction of data 

� African – Iberian relationship
Baltic-Highland

Red

Lowland Pied

NW
intermediates
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Central-West

Iberian

PodolianFrench-Pyrenean

Central Brown

African taurine

African
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� dairy NW clusters most distal

What about the Y-chromosomes? 
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Cattle Y-chromosomes
results also from Götherström et al., 2005 haplotype Y1

haplotype Y2    

(3) European
aurochs bones!

� at least 2 independent 
aurochs introgression
events

� Y2 original haplotype

� Y1 in (1) NW Europe
(2) Northern Spain
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- divergence of old
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with Y1 haplotype

Genetic history of European cattle

1. Neolithic migration routes
- Mediterranean coast
- Africa > Iberia

- Russia > Scandinavia
- Danube > France, NW

and wild introgression?
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2. Differentiation by
adaptation, breeding,
wild introgression

Genetic history of European cattle

3. Historic North-South
contrasts maintained

- Langue d’oc - d’oïl
- Hoch - Niederdeutsch
- Catholic - Protestant 

Landscape effect?

1. Neolithic migration routes
- Mediterranean coast
- Africa to Iberia
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� Reconstruct history of the genetic landscape 
migration, introgression, breed formation
> partitioning of diversity, relationships of breeds,

geographic effects

� Compare cattle, goat and sheep

� Indicate priorities for conservation

Geographical patterns of
cattle, sheep and goat diversity

Clines, clusters, introgression, and a conservation  dilemma
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� Most differentiation in
Central, Western Europe
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� Structure: 
5 reproducible clusters

� Regions in graphs
correspond to clusters

� Clear correlation with
geography 
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Goat, genetic clusters
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Goat  Y-chromosomes

� Eastern origin of
Y1A and Y2

� Founder effects in Europe

Haplotype Y1A
Haplotype Y1B
Haplotype Y2    

� Reconstruct history of the genetic landscape 
migration, introgression, breed formation
> partitioning of diversity, relationships of breeds,

geographic effects

� Compare cattle, goat and sheep

� Indicate priorities for conservation

Geographical patterns of
cattle, sheep and goat diversity

Clines, clusters, introgression, and a conservation  dilemma
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� Most differentiation again
in Central, Western Europe

German White Mountain

British Exmoor

Italian delle Langhe

British Swaledale
Scottish Black-faced

German Rhön

Polish Kamieniec

Polish Pomeranian
Welsh Mountain

Italian B
ergam

asca

Polish Heath
Hungarian Cikta

GermanBrown Mountain 

Polish Zelazna

Spanish Rubia
del Molar

German Merino

Spanish Colmenareña

Tra
nsy

lva
nian

 M
er

in
o

Hungar
ia

n M
er

in
o

Spa
nis

h 
M

er
in

o

Por
tu

gu
e se

 C
hu

r r
a

Bra
ga

nç
an

a

Span
is

h S
eg

ure
ña

Spa
ni

sh
 M

an
ch

eg
a

Ita
lia

n 
Alta

m
ur

an
a

Greek Anogeiano
Hungarian Tsikaia

Rom
anian Turcana

Polish M
ountain

Turkish Karayaka
Hungarian Racka

Cypriote Fat-tailed

Turkish Akkaraman

Egyptian Ossimi

Saudi-Arabian Heri
Saudi-Arabian Najdi

Romanian Karakul

Greek Kymi

Greek O
rin

o
Greek K

aragouiko

A
lb

an
ia

n
 B

ar
d

h
ok

a

Greek Skopelos

Ita
lia

n G
en

til
e d

e P
uglia

Ita
ia

n
La

tic
au

da

Greek Sfakia

Greek Kefalleneas

Romanian Tsikaia

Turkish Morkaraman

Saudi-Arabian Naemi
Greek Lesvos

Greek Kymi

Turkish Daglic
Greek K

alarri
tik

o

A
lb

an
ia

n
 R

u
d

a

A
lb

an
ia

n
 S

h
ko

d
ra

ne

Polish Merino

French Thone et Martod

Middle-East

Merinos

South-Eastern Europe

Central, Western Europe

Sheep microsatellites, Neighbor-Net graph

� Structure: 
3 reproducible clusters

� North, West of Balkan no
correlation with genetic
distances or geography
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� European origin of A?

� Dispersal of A over Europe
by long-distance upgrading
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Comparison of cattle, sheep and goat

Expected effects of migration and breeding

- correlation geography and genetic distance

- decrease of allelic richness SE > NW
- phenotypes of NW breeds more developed

Goat - prototype species

Sheep    - more panmictic in NW Europe by upgrading with rams
from other regions 

Cattle - less effect on allelic richness within continent
- outstanding position of NW dairy breeds

explained by introgression of aurochs bulls

� Reconstruct history of the genetic landscape 
migration, introgression, breed formation
> partitioning of diversity, relationships of breeds,

geographic effects

� Compare cattle, sheep and goat 

� Indicate priorities for conservation

Geographical patterns of
cattle, sheep and goat diversity

Clines, clusters, introgression, and a conservation  dilemma
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Criteria for conservation 

1. Genetic distances
mainly determined by genetic
drift of allele frequencies

0%

10%

20%

30%

40%

0.4 0.5 0.6 0.7 0.8
Heterozygosity (exp)

Contributions of cattle breeds
to diversity of safe set of
non-endangered breeds

FST distances,
via Weitzman algorithm

To be tested with realistic datasets. Correlation with kinship? 

2. Low kinships
Marker-Estimated Kinships
(J. Windig, K. Engelsma, H. Eding, Lelystad) 1%

2%

3%

4%

0%
> priority of Eastern breeds

Betiz
uA

Mallo
rquina

> priority of inbred breeds

3. Molecular diversity
number of alleles

4. Diverse phenotypes

Criteria for conservation 

> priority to Middle-Eastern breeds       

GCAACAAACTACTCTCGGCTTTTAGGAAAGACTCTTGTGCACAGACAGT
..G....................................T.........
..G..........G.........T...............T.........
..G..........A...............C.........T.........

4. Diverse phenotypes

> priority to Northern/Western/Central breeds

1. Genetic distances by random drift

2. Low kinship,
3. Molecular diversity
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> priority to Middle-Eastern breeds       

GCAACAAACTACTCTCGGCTTTTAGGAAAGACTCTTGTGCACAGACAGT
..G....................................T.........
..G..........G.........T...............T.........
..G..........A...............C.........T.........

4. Diverse phenotypes

> priority to Northern/Western/Central breeds

1. Genetic distances by random drift

2. Low kinship,
3. Molecular diversity

Dilemma for conservation 

Two obvious criteria lead to different choices

Recommendations for conservation 

1. Forget genetic distances on the basis of genetic  drift

2. Conserve molecular diversity
primitive breeds, hybrid species origin

GCAACAAACTACTCTCGGCTTTTAGGAAAGACTCTTGTGCACAGACAGT
..G....................................T.........
..G..........G.........T...............T.........
..G..........A...............C.........T.........

3. Specify valuable phenotypes to be conserved

4. Breed management 
select on desired phenotype
but also protect the heterozygosity :

Genetic purity : > considerable sentimental appeal
> direct threat of animal health
> yet difficult to define on the DNA level                           

consider outcrossing
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� History of the genetic landscape 
migration, introgression, breed formation
> partitioning of diversity, relationships of breeds,

geographic effects

� Differences between cattle, sheep and goat 

� Conservation : dilemma, considerations

Geographical patterns of
cattle, sheep and goat diversity

Clines, clusters, introgression, and a conservation  dilemma


