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Genomes of livestock species may contain signatures of 
domestication

Distinct domesticated populations (breeds) are adapted to 
various local conditions (e.g. climate, parasite pressure)

Understanding genetic structure is important to avoid 
detecting false signatures of adaptation

Breed genomes changes to due to migration with humans, 
admixture and adaptation

Background



Goals

Reveal genetic structure and history of native Russian cattle 
breeds

Identify signatures of selection in native Russian cattle breeds



Approach

DNA collected for 18 native cattle breeds bred in 
Russia (2-39 samples, average 20)

Genotyping performed for 54,000 SNPs for 
breeds with <10 samples and 139,000 SNPs for 
breeds with >10 samples

Comparison was made with 139 cattle breeds 
previously collected around the world:

129 breeds from Decker et al., 2014 and 10 breeds from Iso-Tau et 

al., 2016.





Breed No. He F Pn MAF Array
Ala-Tau 14 0.338 -0.014 0.937 0.258 50K

Bestuzhev 19 0.346 -0.048 0.955 0.265 150K

Black-Pied 24 0.352 -0.026 0.977 0.269 150K

Buryat 24 0.340 -0.026 0.952 0.260 150K

Ukrainian Grey 48 0.322 -0.034 0.935 0.244 50k

Hereford 9 0.313 -0.070 0.867 0.238 50K

Istoben 5 0.304 -0.165 0.812 0.232 50K

Kalmyk 23 0.351 -0.027 0.972 0.269 150K

Kazakh Whiteheaded 20 0.339 -0.038 0.948 0.259 150K

Kholmogory 34 0.343 -0.011 0.965 0.262 150K

Kostroma 18 0.315 -0.040 0.900 0.238 150K

Gorbatov Red 5 0.322 -0.093 0.855 0.246 50K

Red Pied 2 0.271 -0.331 0.650 0.218 50K

Red Steppe 4 0.323 -0.148 0.842 0.249 50K

Tagil 19 0.350 -0.060 0.967 0.268 150K

Ukrainian Whiteheaded 7 0.329 -0.066 0.889 0.252 150K

Yurino 3 0.292 -0.212 0.744 0.227 50K

Yakut 25 0.273 -0.039 0.818 0.205 150K

Yaroslavl 19 0.336 -0.047 0.949 0.256 150K

Total/Average 322 0.324 -0.079 0.891 0.248 NA



Multidimensional scaling (MDS)

Russian cattle breeds cluster with breeds of European and Asian origins



Structure results 

Yakut cattle is the most diverged breed, followed by British Short Horn



Phylogenetic analysis with world breeds
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17 Russian native breeds share ancestry with European breeds while two 

– with Asian breeds from Korea and Japan



Phylogenetic analysis with world breeds
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Most Russian native breeds have complex 

origin consistent with ‘uncontrolled’ historical 

breeding strategies

A cluster of breeds affected by Holstein 

genetics is apparent  

Ala-Tau breed clusters with Kostroma and 

Brown Swiss consistent with known history of 

the breed formation

Yakut and Buryat cattle form a separate node together with Hanwoo and 

Wagyu suggesting a different history of these breeds   

Kalmyk cattle clustering is unexpected



Haplotype sharing to reveal ancestral and 
recent relationships between breeds 

Ancestral Recent



Haplotype sharing results

Four major clusters of breeds are identified

Yakut, Buryat, Hanwoo, Wagyu ancestral 

relationships are further supported 

Ukrainian Gray cattle forms a cluster with 

Podolian cattle suggesting that the Ukrainian 

Gray belongs to the group of primitive cattle 

breeds 

Kalmyk cattle shows signatures of recent admixture with Short Horn cattle 

supporting the literature data on Kalmyk cattle ‘improvement’ with Short 

Horn in the USSR (FAO, 1989)
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Buryat cattle

“Looks like a poorly fed Kalmyk cattle”

@farmer.ru 
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Russian and closely related breeds



Russian and closely related breeds

3-4 major groups of breeds to look for 

signatures of selection

Adding ~300 samples from four major 

commercial breeds using data from the 1000 

bull genomes project (Hans Daetwyler, Ben 

Heyes)

Hanwoo

Wagyu

Japanese native cattle

Focus on the eleven breeds genotyped on 

the 139K SNPs with >20 samples



Signatures of selection within Russian 
cattle breed genomes

Method: HapFLK; combines haplotype data with analyzing individual SNPs; 
increased power, reduced error rate

Distinct Russian “European” breeds



Signatures of selection within Russian 
cattle breed genomes

Holstein, Yakut, Buryat, Kalmyk

KIT



Signatures of selection within Russian 
cattle breed genomes

BTA29: 41 Mbp

Most significant SNP found in gene 

GANAB:

 Associated with heat stress in catfish

 Changes expression in response to 

lower temperatures in cell tissues

 Involved in ER stress response



Russian native cattle breeds share common ancestry with 
European and Asian cattle breeds

Yakut cattle is the most diverged breed in the whole cattle 
HapMap dataset

Russian cattle form 3-4 clusters with closely related breeds 
from Europe and Asia

Signatures of selection in the cattle breed genomes are related 
to domestication, economically important traits and adaptation 
to local conditions

Summary 
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