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Cattle Domestication 
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Bos taurus >10,000 years ago 

Bos indicus >7,000 years ago 
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ICBF: Irish Cattle Breeding Federation 

     Database for all things cattle related  
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Bandon-Main office 

Tully-research feedlot 
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ICBF Outputs 

• Range of reports 

– Milk recording 

– Genetic Merit 

– Health and Fertility 

– National trends 

 

• Parentage verification/prediction 

• Genetic disease/trait status 

• Mating advice 
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ICBF exists to benefit our 

farmers, agri-food industry, 

and wider communities 

through genetic gain and 

the application of science 

and technology. 
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Cattle Industry Segments 

1) Seedstock 

a. Multiplier 

2) Cow-calf 

3) Finishing 

4) Processing 
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Cattle Industry Segments 

Cattle #s 

Seedstock 

Multiplier 

Cow-calf 

Finishing 

Processing  
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1) Seedstock: Pedigree Cattle 

Generates High Genomic Animals, AI bulls 
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1a) Multiplier—generate more breeding stock 

Creates 2nd generation of high genomic animals 

Pedigree and Non-pedigree animals 

Main Business: sell lots of breeding stock 
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2) Cow-calf 

Main business is raising calves and selling them to 

 1) Yearlings to feedlot 

   and/or 

 2) Mature animals to processor 
 

Need animals with good Maternal and Terminal traits 
 

‘End User’ of high genomic animals 
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3) Feedlot 

Feed cattle to put on muscle and fat till the optimal weight 
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4) Processor 

Turn muscle into meat 
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Cattle Industry Segments 

Cattle #s 

Seedstock 

Multiplier 

Cow-calf 

Finishing 

Processing  

Gene Flow 
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1) Overview 

 

2) Genetic Use in Livestock- Typical 

A. Genetic Improvement: Selecting the Best 

B. Genetic Disease Management 

C. Genetic Use 

 

3) Irish Beef Cattle Genomics 

 

4) Additional Projects 

 



Genetic Improvement 

 -the short version 

• Breed animals with the best ‘genes’ for traits 

of economic importance  

 

• Better animals should = more profit 

 

• Next generation should be better than the 

previous generation and so on…. 
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Produce 34% more milk with 48% 
fewer dairy cows than in 1960 
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1) Overview 

 

2) Genetic Use in Livestock- Typical  

A. Genetic Improvement: Selecting the Best 

I. Visual 

II. Breeding Value 

III. Genomic Breeding Value 

B. Genetic Disease Management 

C. Genetic Use 
 

3) Irish Beef Cattle Genomics 

 

4) Additional Projects 
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Which is 

the best 

cow? 

The one in 

front of me 

No, its the 

one in front 

of me 

The middle 

one is nice 
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1) Overview 

 

2) Genetic Use in Livestock- Typical 

A. Genetic Improvement: Selecting the Best 

I. Visual 

II. Breeding Value 

III. Genomic Breeding Value 

B. Genetic Disease Management 

C. Genetic Use 
 

3) Irish Beef Cattle Genomics 

 

4) Use of Sequencing  



Traditional Breeding Value 

Breed Average 
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Traditional Breeding Value Timeline 

Year -1 Year 0 Year 1 Year 2 Year 3 Year 4 Year 5 

Cows  

mated 

 

Bull 

calves 

born/ 

bought 

Bulls 

enter AI 

company 

Daughters 

born  

Daughters 

mated 

Daughter 

calves/milk 

recorded 

~100 

Bulls for 

widespread 

AI use 

>€50,000 
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1) Overview 

 

2) Genetic Use in Livestock- Typical 

A. Genetic Improvement: Selecting the Best 

I. Visual 

II. Breeding Value 

a) Index=Economic Sum of gBVs 

III. Genomic Breeding Value 

B. Genetic Disease Management 

C. Genetic Use 
 

3) Irish Beef Cattle Genomics 

 

4) Use of Sequencing  



EBI=Sum of Economicly Weighted BV 



Euro-Stars 
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Starts assigned according to EBI/breeding value rank 

Each star = 20% of breed or national herd 

Low genomic animal 

Average genomic animal 

High genomic animal 
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1) Overview 

 

2) Genetic Use in Livestock- Typical 

A. Genetic Improvement: Selecting the Best 

I. Visual 

II. Breeding Value 

III. Genomic Breeding Value 

B. Genetic Disease Management 

C. Genetic Use 
 

3) Irish Beef Cattle Genomics 

 

4) Additional Projects 

  



Genomic Breeding Values 
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Breed Average 



A/B 

A B 

+3.0 



Reference Population 

>1,000 per breed 

Needed for 

accurate gBV 



Genomic Breeding Value 

38 

Breed Average 

B 
+3.0 

A 
+0.0 

A 
+0.0 

B 
-2.0 



Parents Selected 

Bull Born 

Non-Genomic vs Genomic Breeding Value 

Daughters Born (2yr)  

Daughters Have Calves (4yr) 

Semen Collected (1yr) 

Bull Receives 
Progeny Proven BV 

~80% Reliable  
   (5 yr) ~€50,000           

Genomic BV 

~60% Reliability 

<€100 

 

Parent Avg BV 
~30% Reliable 

Genomic Test 



Ireland Dairy 

 Using Genomics to Fix Problems 

40 

1. EBI created 

2. Genomics 

Visual Breeding Value Genomic 

Breeding Value 
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Traditional Breeding Value Index 

Genomic Breeding Value Index 

€145 
€147 €109 

€82 

€35 

€190 

€41 
€166 €80 

€98 

Visual - ??? 

Select the Best 

Genetic Disease Carrier?? 
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1) Overview 

 

2) Genetic Use in Livestock- Typical 

A. Genetic Improvement: Selecting the Best 

B. Genetic Disease Management 

C. Genetic Use 
 

3) Irish Beef Cattle Genomics 

 

4) Additional Projects 

  



Shhhh….We’re Hunting Cow Diseases 
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Curly Calf 



Shhhh….We’re Hunting Cow Diseases 
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GAR Precision 1680 

Born 1990 

>10,000 registered offspring 

>300,000 descendants registered 

Low BW, high WW, YW 

Dr. Jon Beever  

Uni. Illinois 



Bos taurus 

Genome Sequence 

Illumina  BovineSNP50 

Illumina  BovineHDSNP 

Genome-wide 

linkage maps 

Cattle Genetic Diseases:  

 Causal Mutation Discovered 

From Nicholas (2012) in Bovine Genomics (ed. J.E. 

Womack).   Wiley-Blackwell,  Ames, Iowa (in press) 
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2) Genetic Use in Livestock- Typical 

A. Genetic Improvement: Selecting the Best 

B. Genetic Disease Management 

C. Genetic Use 
 

3) Irish Beef Cattle Genomics 

 

4) Additional Projects 
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Cattle Industry Segments 

Use of Genetics    

Gene Flow 
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1) Overview 

 

2) Genetic Use in Livestock- Typical  
 

3) Irish Beef Cattle Genomics 

A. Issue 

B. ICBF Solution 

C. Irish Beef Application  

 

4) Additional Projects 

  



Problems in Irish Beef 

• Fertility 

• Lack of Maternal Traits 

• Inefficient Growth 

• Genetic Diseases 

• Infectious Diseases 
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Who’s the Father??  

  

50 



Parentage Correct?  

 ~10-15% Wrong 
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Problems in Irish Beef 
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Beef Genomic Breeding Values??? 
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Breed Average 
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How Irish Beef Cows are Selected 

   

> 



> 
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How Irish Beef Bulls are Selected 



Information Needed for Beef gBV  

• Phenotype Data 

• Accurate Pedigree 

• Genotyped Reference Population 

– >1,000 per breed.   Ireland has >20 breeds 

– >1million beef cattle 
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1) Overview 

 

2) Genetic Use in Livestock- Typical 
 

3) Irish Beef Cattle Genomics 

A. Issue 

B. ICBF Solution 

C. Irish Beef Application  

 

4) Additional Projects 

  



ICBF plan-Grand outline 
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Genotype Them All 

Let ICBF Sort Them Out 



Illumina custom chip (IDB) 

• IDBv1 2013:   16,000 SNP 

– Genotyped  26,000 animals 

 

• IDBv2 2014: 18,000 SNP 

– Genotype ~150,000 cattle  

– BGP scheme –  

• Beef AI, stock bulls, and 15% of cows 

 

 

 

 



Information Needed for Beef gBV  

• Phenotype data 

• Accurate Pedigree 

• Genotyped Reference Population 
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Weatherbys 

Tissue 
Sample 

Irish Parent Verification Process (N >200,000) 

ICBF 
Database 



gBV needs 

• Phenotype Data 

• Accurate Pedigree 

• Genotyped Reference Population 

– 20 breeds 

–  >1000 animals needed per breed 
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Developed custom chip (IDB) 

• IDBv1 2013:   16,000 SNP 

– Genotyped  26,000 animals 

 

• IDBv2 2014: 18,000 SNP 

– Genotype ~150,000 cattle  

– BGP scheme –  

• Beef AI, stock bulls, and 15% of cows 

• Start of beef reference population 

 

• IDBv3 2015: 55,000 SNP 

– Genotype—lots… 

–   30K herds signed up 

      (~60% of national herd) 

– 350K animals genotyped yearly 

 

1 



BDGP Scheme Applied 
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6 year scheme 

 

Farmers in scheme have to  

 Have a top genomic bull 

 20% of cows are top genomic by 2018 

 50% of cows are top genomic by 2020 

 Replacement cows/bulls must be genotyped 

 

Goal is  

 1) Increase efficacy though increased fertility and production 

 2) Minimize Genetic Disease Risk 
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1) Overview 

 

2) Genetic Use in Livestock- Typical 
 

3) Irish Beef Cattle Genomics 

A. Issue 

B. ICBF Solution 

C. Irish Beef Application  

 

4) Additional Projects  



IDBv3 and BDGP scheme 

gBV for all Genotyped Purebred and Commercial Beef Animals 
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Which is 

the best 

cow? 

gEBI says 

cow IE2120 

gEBI says 

cow IE2120 

How Irish Beef Cows are Bought >2015 



>150 Disease/Trait Probes 
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National Herd Genetic Disease Surveillance:  
Carrier Frequency in National and Pedigree Herds 

  Beef Dairy Angus Belgium Blue Charlois Hereford Holstein Jersey Limousin Shorthorn Simmental 

AM_662 0.002% - - - - - - - - - - 

BLAD 0.133% 0.398% - - - - 0.689% - 0.007% - - 

BM 0.020% - - - - - - - - - - 

BD1 0.002% - - - - - - - - - - 

BY 0.194% 1.706% - - - - 4.521% - 0.007% - - 

CMD1 0.234% 0.005% - 3.264% 0.021% - - - 0.028% - - 

CMD2 0.092% 0.002% - 1.175% - - - - - - - 

CT 0.063% 0.083% - - - - - - - - - 

CTS_AG 0.575% 0.037% 0.014% 7.180% 0.021% - 0.030% - 0.007% - - 

CVM 0.407% 2.283% - - 0.014% - 3.683% - 0.007% - 0.039% 

DUMPS 0.001% 0.002% - - - - - - - - - 

DUN 0.012% - - 0.131% - - - - - - - 

HH1 0.171% 1.625% - - - - 2.365% - - - - 

HH3 0.070% 4.923% - - - - 4.760% - - - - 

HH4 0.007% 0.251% - - - - 1.377% - - - - 

HY_KRT71 0.432% 0.009% - - - 3.907% - - - - - 

JH1 0.001% 0.085% - - - - - 7.477% - - - 

MF_NG1621KC 0.009% 0.129% - - - - 0.030% - - - - 

MH2 0.035% 0.076% - - - - - - - - 0.039% 

NH 0.006% - 0.099% - - - - - - - - 

OS 0.007% - 0.113% - - - - - - - - 

PCS 0.006% - - - - - - - - - - 

PROTO 0.845% 0.002% - - 0.007% - - - 4.230% - - 

PMT_211 0.005% - - - - - - - - - - 

PMT_284 0.005% 0.002% - - - - - - - - - 

RNF11 0.306% - - 17.232% 0.007% - - - - - - 

SMA 0.005% 0.021% - - - - - - - - - 



ICBF Genetic Disease Reports 

71 



72 
Genomic Breeding Value Index 

€35 

€190 

€41 

Select the Best 

Mulefoot 

carrier 

Mulefoot 

carrier 
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What Does ICBF do With a Genotype? 

Male? Or Female? Who’s IE123xxxxx 

Identify High Genomic Animals 

1 star vs 5 star  

Whose 

my 

Daddy? 

Genetic Disease Status 
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High Genomic Animals Will Help Farmers 
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ICBF       

€uro - Stars

 

Replacement 

Index

Number 

of cows

 Number 

of 

Calvings

 Age at 

1st 

Calving

 Calving 

Interval

% Alive 

after 7 

years

Growth 

of Calves

Farmer 

Milk 

Score

Carcass 

Weight 

of 

progeny

 Age at 

slaughter 

of 

progeny
€124 25,311 4.33 971 days 399 days 72% 1.17 4.11 363 kgs 752 days

€85 19,776 4.03 988 days 405 days 66% 1.12 3.86 359 kgs 772 days

€64 16,020 3.82 1000 days 409 days 62% 1.09 3.75 358 kgs 784 days

€44 16,823 3.71 1007 days 413 days 59% 1.09 3.69 358 kgs 783 days

€8 19,793 3.46 1022 days 420 days 52% 1.06 3.48 359 kgs 791 days

+0.87
-51 

days

-21 

days
+20% +10% +15% +4kgs

-39 

days

5 Star v 1 Star Cows

Above analysis was performed on the 97,723 suckler cows that were born in 2008, in herds that joined the BDGP in 2015.

Fertility Milk CarcassBDGP Cows

Difference

High Genomic Animals Will Help Farmers 



High Genomic Parents = Higher Value Carcass 

      Dam Stars   

      1 2 3 4 5 Average 

S
i
r
e
 
S
t
a
r
s
 

1 

Slaug. age (month) 25.7 26.4 25.9 27.6 25.4 26.2 

Carcass weight (kg) 303 288 296 294 311 298 

Yield price (€) 1694 1628 1677 1637 1748 1677 

2 

Slaug. age (month) 28.4 25.4 24.2 23.4 24.7 25.3 

Carcass weight (kg) 325 323 341 330 344 333 

Yield price (€) 1860 1787 1912 1897 1947 1881 

3 

Slaug. age (month) 23.6 24.5 24.2 24.6 24.0 24.2 

Carcass weight (kg) 320 336 331 331 335 331 

Yield price (€) 1838 1862 1932 1868 1942 1888 

4 

Slaug. age (month) 25.3 23.8 25.5 23.3 24.2 24.4 

Carcass weight (kg) 340 349 359 335 345 346 

Yield price (€) 1959 1997 2066 1963 1969 1991 

5 

Slaug. age (month) 22.7 22.9 25.5 24.4 23.3 23.8 

Carcass weight (kg) 341 348 350 358 361 352 

Yield price (€) 1920 2003 2002 1977 2073 1995 

  

Average 

Slaug. age (month) 25.2 24.6 25.1 24.7 24.3   

  Carcass weight (kg) 326 329 335 330 339   

  QPS price (€) 1240 1256 1283 1259 1301   

  Yield price (€) 1854 1855 1918 1868 1936   
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1) Overview 

 

2) Genetic Use in Livestock- Typical 
 

3) Irish Beef Cattle Genomics 

 

4) Additional Projects 

1) New Genetic  Diseases 

2) Selection for Disease Resistance 



Typical Genetic Disease Reporting 
 

           

Pawnee Farm Arlinda Chief, 1962 

• >16,000 daughters 

• >500,000 granddaughters 

• >2 million great-granddaughters 

• HH1 carrier 
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Commercial Farmer Reporting to ICBF 



Commercial Farmer Reporting to ICBF 
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Genetic Disease Discovery-          

Farmer and Vet Reported Diseases 

 • Atresia Ani 

• Atresia Jejuni 

• Atresia Coli 

• Progressive Ataxia 

• Ventricular Septal Defect 

• Schistosomus Reflexus 

• Cleft Palate 

• Tail-lessness 

• Photosensitisation 
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1) Overview 

 

2) Genetic Use in Livestock- Typical 
 

3) Irish Beef Cattle Genomics 

 

4) Additional Projects 

1) New Genetic  Diseases 

2) Selection for Disease Resistance 
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Liver Fluke-Sire offspring prevalence 



Robustness Index in Development  

I’m not sick, I’m 

just a little horse 

Lameness 

h2 = 0.06 
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