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Basic tools

11 ‘systems’

System A A D H Z’

System B B G I  K O P Q T Y A’ B’ D’ E’ F’ I’ J’ 
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System C C E  R  W  X  X’ C’ L’’ C’’

System F F V N’

System J J

System L L

System M M M’

System S S U H’ U’ H’’ S’’ U’’

System Z Z

System R’ R’ S’

System T’ T’

Blood group systems in cattle



Genetic distance vs location
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Hereford cattle

UK traditional Canadian



Hereford across the world
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Effects of selection



Effects of selection on diversity
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gatccagcaCACACACACACACACACACAcgttacgatcatg

gatccagcaCACACACACAacgttacgatcatg

1/1 2/2 1/21/1 2/2 1/2

1

2



The QTL decade (1995 – 2005)

• Markers built into genetic maps

• Maps used to localize 
“Quantitative trait loci”

• A few major genes identified



Setting the standard

� European ResGen Project
� (AIR3 CT94-20665, 1994)

� Definition of breed by DNA 

markers

� 60 Breeds

� 30 Microsatellite markers
� Adopted by ISAG &FAO



No information…

• In cattle 1 marker per chromosome

• No data on genome wide diversity

• No information on phenotypes



No progress for 10 years!

• Lenstra, J.A., et al (2006) Marker-Assisted Conservation of 
European Cattle Breeds: An Evaluation. Animal Genetics 37 
475-481

• Hillel J. et al  (2007)

Molecular markers for 

the assessment of 

chicken biodiversity. 

World Poultry Science 

Journal 63 34-35

29 microsatellite markers

65 populations 



Chicken 2005

Bovine  2006

Pig 2008

Sheep 2009

+ plants and micro-organisms……

Genome sequencing of 

“agricultural” species



And so came SNPs

170/171 220/221 230/231



Single Nucleotide Polymorphism 

(SNP) discovery
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SNP validation and use

• SNP discovery
– Angus
– Brahman

– Limousin

– Holstein
– Jersey

– Norwegian Red

• 30K SNPs
tested
– Charolais
– Beefmaster
– Brown Swiss
– Gir
– Guernsey
– Holstein
– N'Dama
– Nellore
– Piedmontese
– Red Angus
– Romagnola
– Santa Gertrudis
– Sheko

150K Putative SNPs



2.3M bovine SNPs in dbSNP

• 2323150 SNPs

• 2.1M SNPs from Hereford sequence

• 123K interbreed SNP

• 100K other sources



New opportunities 

• High density, high throughput, 
genotyping.

– Several “platforms” available 

to genotype many thousands 

of markers simultaneously



Associations at the population level

Illumina 50K SNP panel :

DGAT1 6 years to discover
(acyl-CoA:diacylglycerol acyltransferase)

2007 mapped to within 3000bp in 2 months 



Signatures of selection



Ensembl

• Semi-automated

gene identification

www.ensembl.org

Knowledge of the genes

Genome annotation



Responses to environment 

Comparison:
of gene expression 

environment 1
vs
environment 2



State of the art State of the art 

Solexa

Roche 454

SOLiD

• Re-sequencing ….  in days

• Genetic variations

• Gene expression

• Also new species without genome sequence

….



Opportunities 

• Understanding functional diversity
– Genotype by phenotype
– Genotype by environment by phenotype

• Selection based on genomes 

(High densities of SNPs)
– More rapid progress (quicker loss of diversity)
– Genome wide conservation of diversity
– Transfer of genes between populations

• Understanding micro-environments

(Identification by sequence)
– eg micro-organisms 


