
Genetic change to multiple traits 
 
 

Lecture 14 
Introduction to Breeding and Genetics 
GENE  251/351 
School of Environment and Rural Science (Genetics)  
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Yes, assuming a genetic correlation between GFW and PWWT exists 

No if the observed phenotypic correlation is all due to environmental effects 

Response and Correlated Response to Selection 

Would there be any genetic response in 

greasy fleece weight (GFW) when selecting 

on post-weaning weight (PWWT)? 



Single trait selection  

Breeding objective is a change in response for trait Y 

 

• Direct selection 
– achieved by selection on trait …… 

 

 

• Indirect selection 
– achieved by selection on trait ….. 
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Real-life breeding objectives 

• In general breeders want to select for more than one trait 
simultaneously, a multiple trait breeding objective 

 

• For example 
– Meat sheep: increase growth, muscle and fat 

– Dairy: increase milk yield, fat, protein content and fertility  

 

• Multiple trait selection utilizes the concept of selection 
indexes 
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Multiple trait selection:   
can we go anywhere we want? 

• Post Weaning Weight 
and Eye Muscle Depth 
are positively correlated 

 

• Advantageous for 
common breeding 
objective (of increased 
PWWT and EMD) 

 

 

Some correlations are 

favourable 
Select these 
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• Fleece Weight and         

 Fibre Diameter are 
positively correlated 

 

• Disadvantageous for 
breeding objective (of 
increased FW and 
decreased FD) 

 

• Could they both be 
improved? 

Some correlations are 

unfavourable 

Select these 

Yes – as genetic correlation is not one, but 
genetic change per trait will be slower 

Multiple trait selection:   
can we go anywhere we want? 



Range of possible responses 

• rA=1  both traits will always change in same direction 

• rA=-1 both traits will always change in the opposite direction 

 

 

 

 

rA=1 or -1 

rA between 0 and 1 

rA between 0 and -1 

 easy to change traits in opposite direction 
 possible to change traits in same direction 

 harder if rA is closer to -1 
 Compromise: maximal response is not obtained for either trait 

 
 

 easy to change traits in same direction 
 possible to change traits in opposite direction 

 harder if rA is closer to 1 
 Compromise: maximal response is not obtained for either trait 

 

 

 



• The ‘ellipse’ is the range of possible outcomes, in one generation 
• As association is positive 

– most possible outcomes lie in quadrants for high PWWT and high EMD, or 
low PWWT and low EMD 

– some possible outcomes lie in the other quadrants 

 



• As association is positive but less strong 
– Progress for PWWT does not automatically imply progress for EMD 
– some possible outcomes lie in the other quadrants 

 



• If correlation is negative 
 More difficult but not impossible to increase both traits,  

 Example: Milk Production and Fertility In Dairy Cattle 

 



 

 If genetic correlation is -1 
 Could not increase both traits 

 Rarely happens 



Varying trait response 

How can the different relative 

responses be achieved? 

 

Can we try to increase Fertility? 

Place different weights on the 

information sources  

select on an index 

 

Index = bMilk.Milk + bFert * Fertility 

weights 



Calculation of weights (b) 

• Weights on each information source (selection criterion)  take into account 
 

– Heritability 
 

– relationships between traits (correlations) 
 
– economic values of breeding objective traits (variable) 

 
– The weight is a regression of the effect on one unit change of each trait on the 

breeding objective (which is usually just ‘profit’) 
 

– you don’t need to know how to calculate index weights, but  do need to understand 
factors affecting the relative sign and magnitude 
 

Index = b1P1 + b2P2 + b3P3 + …. 



Change relative economic values of the two traits 

Change  index weights of the two traits 

Change relative response of the two traits 

How can we manipulate response? 



http://www.aviagen.com/ 

Case study 



Case study 

Weight (W) & Feed Intake (FI) 
– Positive genetic correlation 

 

Look at responses for different 
– Breeding objectives 

– Selection criteria 

– Economic weights 

 

h2 P 

W 0.5 17kg 

FI 0.3 25kg 

rA 0.5 

rP 0.3 

parameters 

Some big chooks! 



Ellipse of possible responses 



What we will examine? 

BO SC evW 
assumed 

evFI 
assumed 

bW bFI RW RFI 

W W 1 0 

W W&FI 

 

1 0 

W&FI W&FI 

 

1 -1 

W&FI W&FI 

 

1 -3 

Economic 

values Index weights Response    

Breeding 

Objective 

Selection 

Criteria 



evW=1 evFI=0 

evW=1 evFI=-1 

evW=1 evFI=-3 

 

 

 

 = point of optimal  response 

when selecting on an index 



How do the economic values  
relate to the breeding objectives? 

BO SC evW 
assumed 

evFI 
assumed 

bW bFI RW RFI 

W W 1 0 

W W&FI 

 

1 0 

W&FI W&FI 

 

1 -1 

W&FI W&FI 

 

1 -3 



What is the index weight on W equal to? 
Why is there no index weight on FI? 

BO SC evW 
assumed 

evFI 
assumed 

bW bFI RW RFI 

W W 1 0 0.5 na 

W W&FI 

 

1 0 0.49 0.03 



Why is the index weight for W greater than the index 
weight for FI? 

BO SC evW 
assumed 

evFI 
assumed 

bW bFI RW RFI 

W W 1 0 0.5 na 

W W&FI 

 

1 0 0.49 0.03 



If the breeding objective is W only, why is there a response in both 
W and FI? 
 
Why is the response in W greater than the response in FI? 

BO SC evW 
assumed 

evFI 
assumed 

bW bFI RW RFI 

W W 1 0 0.5 na 8.50 4.84 

W W&FI 

 

1 0 0.49 0.03 8.53 5.40 



What accounts for the difference in response 
between these two cases? 

BO SC evW 
assumed 

evFI 
assumed 

bW bFI RW RFI 

W W 1 0 0.5 na 8.50 4.84 

W W&FI 

 

1 0 0.49 0.03 8.53 5.40 

Response in multiple traits can be manipulated by changing weights 



BO = W  

SC = W 

BO = W      

SC = W + FI 

Response in multiple traits can be manipulated by providing 

more information to some traits 



BO = W  

SC = W 

BO = W      

SC = W + FI 

Stronger correlations make the value of 

additional trait info bigger.  



What is the relationship between economic values and 
index weights? 

BO SC evW 
assumed 

evFI 
assumed 

bW bFI RW RFI 

W W&FI 

 

1 0 0.49 0.03 

W&FI W&FI 

 

1 -1 0.32 -0.23 

W&FI W&FI 

 

1 -3 -0.97 -7.65 



Why is in the third index the weight on W (bW) of 
higher magnitude than the index weight on FI (bFI)? 

BO SC evW 
assumed 

evFI 
assumed 

bW bFI RW RFI 

W W&FI 

 

1 0 0.49 0.03 

W&FI W&FI 

 

1 -1 0.32 -0.23 

W&FI W&FI 

 

1 -3 -0.97 -7.65 



Is it possible to increase W whilst decreasing FI? 

BO SC evW 
assumed 

evFI 
assumed 

bW bFI RW RFI 

W W 1 0 0.5 na 8.50 4.84 

W W&FI 

 

1 0 0.49 0.03 8.53 5.40 

W&FI W&FI 

 

1 -1 0.32 -0.23 4.02 -2.64 

W&FI W&FI 

 

1 -3 -0.97 -7.65 -3.40 -7.54 



Why does a decrease in weight occur in this case? 

BO SC evW 
assumed 

evFI 
assumed 

bW bFI RW RFI 

W W 1 0 0.5 na 8.50 4.84 

W W&FI 

 

1 0 0.49 0.03 8.53 5.40 

W&FI W&FI 

 

1 -1 0.32 -0.23 4.02 -2.64 

W&FI W&FI 

 

1 -3 -0.97 -7.65 -3.40 -7.54 



Why is the response in W lower under multiple trait 
selection compared to single trait selection? 

BO SC evW 
assumed 

evFI 
assumed 

bW bFI RW RFI 

W W 1 0 0.5 na 8.50 4.84 

W W&FI 

 

1 0 0.49 0.03 8.53 5.40 

W&FI W&FI 

 

1 -1 0.32 -0.23 4.02 -2.64 

W&FI W&FI 

 

1 -3 -0.97 -7.65 -3.40 -7.54 



evW=1 evFI=0 
evW=1 evFI=-1 

evW=1 evFI=-3 

 

 

 

 = point of optimal  response 

when selecting on an index 

Obtaining different responses by altering the economic value 



Correct economic values  correct index weights  most $ returns  

BO SC evW 
assumed 

evFI 
assumed 

bW bFI RW RFI $  

W W 1 0 0.5 na 8.50 4.84 3.66 

W W&FI 

 

1 0 0.49 0.03 8.53 5.40 3.13 

W&FI W&FI 

 

1 -1 0.32 -0.23 4.02 -2.64 6.66 

W&FI W&FI 

 

1 -3 -0.97 -7.65 -3.40 -7.54 4.14 

$ return was calculated using real economic values of +1 for weight and   -1 for feed intake 



Points to note 

• Changing the economic value of traits, alters the index 
weights, and thus response  

 

• The highest $ return is achieved when the index weights are 
calculated using the true economic values 

 

• Definition of an economic value – is $ return for a one unit 
trait increase (all other traits held constant) 

 

 



 
 Isoeconomic lines are lines of equal economic value 

 * give an example of the same economic return achieved through different 
trait responses 

 The slope of these lines is determined by the price ratio 
 red circle is the most economic place to be 

* 

* 



Could we decrease feed intake with no change in weight? 

BO SC evW 
assumed 

evFI 
assumed 

bW bFI RW RFI 

W&FI W&FI 

 

1 -1 0.32 -0.23 4.02 -2.64 

W&FI W&FI 

 

1 -3.2 0.26 -0.92 0.00 -7.12 

W&FI W&FI 

 

1 -3 -0.97 -7.65 -3.40 -7.54 



Summary: change in direction of multiple traits 

• We can manipulate genetic change for correlated 
traits by changing the economic and thus index 
weights for the traits   

 

• There is a limit to this manipulation, because the 
genetic relationship between the traits is ‘set’ 

 

 



A challenge 

• Assume two traits have a positive economic values 

 

• Why is selection for these traits less sensitive to 
economic values when they are positively correlated 
compared to when they are negatively correlated 



Not sensitive 

 

Favourable 

correlation 



Sensitive 

 

Unfavourable 

correlation 



A final note 

• EBVs calculated via multi-trait BLUP already account 
for relationship between the traits 

 

• To combine individual trait EBVs into an index, 
simply weight by the economic value 

...$ 2211 traittraittraittrait EBVevEBVevindex 


