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• Unit Objectives 

 
– to introduce students to applied genetics 

– basic understanding in plant and animal breeding 

– be aware of new technologies affecting these disciplines 

 

 

• Teaching Outcomes  

 
– demonstrate an understanding of applied genetics 

– show an understanding of applications of animal and plant breeding 

– demonstrate awareness of new technologies affecting these disciplines 
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Animal and Plant Breeding 

• Refers to genetic change – with aim to improve 

– (breeding not simply as ‘reproduction’) 

 

• Mainly based on quantitative genetics 

– Measurement of traits 

– Polygenic model 



Don’t underestimate the power of genetics ! 



Traditional (historical) Breeding 

• Gradual (but dramatic) genetic change over long time 
periods (100’s years) via observation and selective breeding 

Slide from Peter Parnell (Angus Assoc) 



Traditional (historical) Breeding 

• Use of Pedigree Information  
– things could get complicated 

 

Slide from Peter Parnell (Angus Assoc) 

http://www.vdar.com/sires/luboy.htm
http://www.vdar.com/sires/luboy.htm
http://www.vdar.com/donors/ell3155.htm
http://www.vdar.com/donors/ell3155.htm
http://www.vdar.com/sires/vi243.htm
http://www.vdar.com/donors/ell3155.htm


Selection experiments: Trangie growth research 

Courtesy: Peter Parnell 
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How much change can we achieve in 20 years of selection? 



Animal breeding in a nutshell 

Where to go?  Breeding objectives 

 

How to get there?  Quantitative genetics 

• Measurement of Traits:   Which traits, Which animals? 

  Pedigree and DNA testing 

• Genetic Evaluation:   Prediction of Breeding Value 
 

• Reproductive technology?   AI. MOET, JIVET, sexing 
 

Getting there  Implementation 
 

• Predicting and comparing alternative strategies 
 

• Decision making:   Mate Selection,  Merit, Trait emphasis, Inbreeding 

 



Where to go?  
Breeding objectives 

To increase growth and 
muscle, and decrease fat 

To conserve a rare species 



How to get there? 

Selection 

• Which animals to select? 

• We are interested in the GENES 
responsible for good muscling, than 
the good muscling itself 

• Need measurement  

– Correct for non-genetic effects 

– Consider  family information (pedigree) 

 

• Breed from the best only, select accurately, breed from young 
animals, not all from the same family 



How much improvement is possible? 

• Variation is Key 
 

• Breeding Program 

– Selection Intensity 

– Selection Accuracy 

– Generation Interval 

 

• Multiple Traits 

– Correlations 

• Favourable or unfavourable? 

– Balance between traits 

160 180 200 220 240 260 280 300 320 340 360 380 400 420 440

Distribution of yearling body weight 



Changing different traits  - beef cattle 
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- Realized 10 year change in merinos (Merinoselect)- 

Before Genetic After 

Mean Change Mean % 

  Meat 

Yearling weight kg 50.0 0.5 55.0 10% 

  Wool 

Adult clean fleece weight kg 4.0 0.03 4.30 8% 

Adult mean fibre diameter mic 18.0 -0.03 17.7 -2% 

  Repro 

Number of lambs weaned nlw 0.800 0.0024 0.824 3% 

  Parasites 

Yearling worm egg count cubert 8.0 -0.01 7.9 -2% 

Changing different traits  - sheep 



Is all potential is realized? 

 

 Genetic progress 
in Sheep 

Annual response ($ per ewe) 

Potential Realised 
Since 2000 

Ratio (%) 

Border Leicester 2.0 1.7 85 

Merino 2.3 0.7 30 

Terminals 1.8 2.0 111 



Implementation in various industries 

Use of quantitative genetics theory has been implemented 
in all major livestock species: 

 

– Very good use in intensive industries  Changes 

• dairy, chicken, pigs    large   

 

– Good use in extensive industries 

• Meat sheep     substantial 

• Beef cattle     smaller 

• Wool sheep     very modest 

 

 

 



Breeding by the numbers….  
EBVs and indexes 



  

genetic improvement 

measurement 

Breeding Program Design 

Nucleus 

Commercial producers   

Multipliers 

10 million ewes 

100k ewes 

1 million ewes 
Breeding rams 



The Genetic Revolution: Genomics 

SNP chip shows tens of thousands of DNA differences in one test for 

one individual  --- very dense gene markers 

 
This can be used          to predict  - breeding value  

      - phenotypes 

   to find     - indiv. genes with large effect 

Sheep SNP chip became available Sept 08 



Need quantitative genetic theory  

• To predict breeding values  

• Select the best individuals 

• To predict outcomes of selection 
– genetic change 

– inbreeding 

 

• To optimize breeding program decisions 
– multiple traits 

– improved merit versus inbreeding 

– crossbreeding 

 

 



• Basis of genetics  Genes, inheritance 

 

• Quantitative genetics  Variation, heritability, breeding value 

 

• Selection Theory  Estimating breeding value 

     Predicting changes to selection  
    Correlated changes 

     Multiple trait selection 

 

• Genetic Markers, Genomic Selection 

 

• Animal breeding programs crossbreeding, reproductive technologies 

     objectives, program structure 

 

• Plant Breeding programs breeding programs structure, gene markers 
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