
Genetic Gain & Breeding Programmes 



Genetic Improvement 

• Trying to breed better animals which leave more profit 

• Identify and select the animals with the best ‘genes’ for traits 
of economic importance 

• Next generation should be better than the previous 
generation and so on…. 

 

 





The three chickens you see above were raised on the exact same diet, for the same 

length of time, and under the same conditions. The left-hand chicken is a breed from 

1957. The middle chicken is a breed from 1978. The right-hand one is a breed from 

2005. 
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Breeding Objectives 

€€ 

Milk yield 

Fertility 

Health 

Longevity 

What about the future??? 

Feed intake 

Docility 

Beef  

What is the relative 

importance of each? 
Growth Rate 

 Other traits….. 
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Achieving Genetic Gain 

• Genetic improvement is dependant upon; 

– Accurate data  (the key element) 

• ID & ancestry (Sire, Dam, DOB…..) 

• Performance for profitable traits (milk, beef, 

calving, health etc) 

 

– Genetic indices focused on profitable traits e.g., 

Economic Breeding Index, Euro-Stars;  

 

– Effective breeding program so that farmers have 

access to the best genetics to increase 

profitability (Gene Ireland) 
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Recording Life Cycle of 

Dairy Cow 

Event Information for genetic evaluations 

1 Birth of animal Sire, Dam, Calving ease, gestation, mortality 

2 Sold at Mart? Calf Price 

3 Calving @2yr Calving ease, gestation, mortality 

4 Milk Recording Milk; Fat and Protein yield and % 

5 Insemination(s) Calving to first insemination, no. insemination 

6 Other Events Mastitis, Lameness, diseases, pregnancy 

diagnosis, conformation classification 

7 Liveweight Maintenance 

8 Calving @3yr Calving interval, longevity 

Repeat of traits 3 – 8 until cow is culled 

9 Culled Carcass weight, grade, fat score 
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Data Capture 

 
Event Data Capture 

1 Birth of animal Dept Ag E-reg or white card, Farm Software, 

Animal Events 

2 Sold at Mart? Information direct from marts 

3 Calving @2yr Same as 1 

4 Milk Recording EDIY, Milk recording technician 

5 Insemination(s) Farmer recorded, AI technician 

6 Other Events Farmer, Vet, Herdbook, Farm Relief 

7 Liveweight Farmer, weight recording provider 

8 Calving @3yr Same as 1 

9 Culled Information direct from factory 
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Real-Time Fertility Data 

• AI handhelds;  

– Linked directly to 

database (GPRS) 

– All cows on hand-held 

– Inbreeding check. 

– Docket printed on-farm 

– Copy of data sent to 

database 

– “fertility management” 

reports 

– Bull Fertility 
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Breeding Indexes 

• Use data to conduct a genetic evaluation for 

each animal 

• Gives an idea to how superior their genes 

are  

• Need to combine the genetic evaluation 

with the economic value of each trait 

• Combined into an overall index and Sub-

indexes 
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Genetic Improvement 

Is the trait economically important? 

 

Is there data/can it be collected easily? 

 

Is Heritability > 0 

 

Calculate a breeding value (PTA) & reliability 

 

Combine into overall & sub index 

 

Make Selection Decisions 

 

 

Yes 

Yes 

Yes 

Yes 
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Response to selection is determined by 4 factors: 

1. Genetic variation 

2. Accuracy of selection (i.e. reliability) 

3. Selection intensity  

4. Generation Interval 

 

How to determine a response to selection 

1. How large are the heritable differences between individuals?? 

2. How precise do we know their true breeding value?? 

3. Selection of the very best individuals?? 

4. How often can we select per unit of time?? 

 

Response to selection 
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Genetic gain 

Intensity 

Accuracy 

Variation 

Generation 

interval 

h2 

Genetic Improvement 

information 

Several trade-offs at play 
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Single/Few Genes 
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• Most economically important traits controlled by genes at 

many loci 

• Few genes with large effects, many with small effect 

• Performance follows a smooth bell shaped distribution – 

normal distribution 

0

500

1000

1500

2000

2500

3000

3
0
0

0

3
4
0

0

3
8
0

0

4
2
0

0

4
6
0

0

5
0
0

0

5
4
0

0

5
8
0

0

6
2
0

0

6
6
0

0

7
0
0

0

7
4
0

0

7
8
0

0

8
2
0

0

8
6
0

0

9
0
0

0

9
4
0

0

9
8
0

0

Distribution of Milk Yield 

Frequency

Genetic Variation (σ) 



19 © Irish Cattle Breeding Federation Soc. Ltd 2010 

• Depends on 3 main factors 

1. Heritability 

2. The source of information on which selection is based 

(e.g., own performance, progeny, relative) 

3. The amount of information available from relatives 

Relationship 

Genes in 

common 

Identical twins; clones 100% 

Parent-offspring 50% 

Full siblings 50% 

Grandparent-grandchild 25% 

Half siblings 25% 

aunt/uncle-nephew/niece 25% 

Great grandparent-great 

grandchild 12.5% 

First cousins 12.5% 

Accuracy (r) 

• Information from 

relatives depends on the 

proportion of genes in 

common between 

selection candidate and 

relative 
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• Number of animals selected for breeding in 

relation to all animals available for selection 

• The lower the number of animals selected 

the higher the selection intensity 
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Select best 

animals 

Mean after 

selection 

Threshold value 

Response to selection 

Selection Intensity (i) 
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• Generation Interval (L) is the average age of 

the parents when their offspring are born 

• Can be different for males and female  

• Range of animals at different ages  

 Species Generation Interval 

Dairy Cattle* 4 to 6 years 

Beef Cattle* 4 to 6 years 

Horses 8 to 12 years 

Pigs 1.5 to 2 years 

Chickens 1 to 1.5 years 

Sheep 3 to 5 years 

Generation Interval (L) 
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Heritability 

• Heritability is the proportion of observed 
differences in a trait among individuals of a 
population that is due to genetic differences 

• Or the amount on offspring resembles its parent 
for a particular trait 

• Central concept in animal breeding – no 
heritability  -> no genetic selection possible 
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Heritability 

• If h2 is high then genetics play a large role in the 
phenotype observed 

• If h2 is low non-genetic factors play a much larger 
role in the phenotype 

• If h2 is high need fewer records to get high 
accuracy/reliability 

• If h2 is low need many more records to get to high 
accuracy 

• Expressed 0 to 100% or 0 to 1 
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Heritability and Accuracy 
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Heritability 

• h2 will not be 
constant 

across 
populations 

• Specific for a 
population 
and for a 
range of 

environments 
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Estimating h
2
 - Objective 

• DIY milk meters 

• Average milk yield recorded every 5 

seconds 

– Milking duration 

– Flow rates (max., average) 

• 370,597 records from 121,335 

lactations on 1,365 farms during the 

year 2012 

• h
2
=0.18 
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Milk flow characteristics 
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Estimating h
2
 - Subjective 
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Breeding Programme 

• An effective breeding programme is necessary 

to ensure an adequate supply of top bulls each 

year to allow farmers to increase profitability 

from breeding over time 

 

• Without this genetic gain will stagnate 

 

• G€N€ IR€LAND is name given to both dairy and 

beef breeding programmes in Ireland 
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Why G€N€ IR€LAND? 

• Farmers need a new top bull each year. 

– How quickly do we want to make 

progress? 

– More progress = more top bulls. 

• Program focused on EBI & Euro-Stars 

• Historically tested bulls were not Irish 

• Dairy Launched in Spring 2005 

• Beef launched in 2008 & changed in 2014 
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Top Cows Top Bulls 

Mixture of progeny  

Good on average 

Fall through 

system 

Young Test 

Sires Mated to  

General cow pop 

Elite Cows 
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G€N€ IR€LAND 
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Gene Ireland  

Breeding profitable Suckler Cows for the National Herd. 
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Genomics 

• Traditional sources of information 

– Ancestry 

– Own performance 

– Progeny performance 

 

• Takes a long time taking to achieve high 

reliability for traits such as fertility  

• We know that traits are controlled by genes 

• Can we use DNA information to help our 

decisions 
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• Genomics compares an animal’s DNA to older proven animals and 
looks for similarities. 

• Genetic Indexes are then produced based on the genes inherited 
from sire and dam 

 

3

8 

Genomics 
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3

9 

Genomics  
Thousands of young bulls genotyped 

30-50 Enter AI 

Returned to Service 

Calves Born 

Large progeny groups each year thereafter 

Progeny test 
=5 years 

@80% Rel. 

Genomic Selection 
=1 year 

@60% Rel. 
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40 
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Genetic Gain 

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

Cows  

Mated 

(Famer or 

AI decision) 

Bull 

Calves 

Bought 

Bulls 

enter 

G€N€ 

IR€LAND 

Daughters 

born  

Daughters 

mated 

Daughter 

calves/milk 

recorded 

~100 

Bulls for 

widespread 

AI use 

Progeny testing pre genomics 
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born 
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3 Years Advanced Gain 

Genomic Progeny Testing 
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4

2 

Genomics - Current 
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Genetic gain 

Intensity 

Accuracy 

Variation 

Generation 
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h2 

Genetic Improvement 

information 

Potential to increase rate of genetic gain by 50-100% 
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Genetic Gain in EBI. 

Phase 1. No genetic 

gain. Gains in milk 

negated by decline in 

female fertility 

Phase 2. EBI & G€N€ 

IR€LAND Breeding 

Program.  

Phase 3. Genomics.  


