
Background

From lectures 9 and 10



• Originally:  EBVi = h2P =b1P
where P is an individual’s own phenotype 
and b1 is index weight (equal to h2)

• But EBVs are more accurate if EBVs are 
calculated using additional information 
sources



Information from relatives

Different sources of family information are 
weighted into an index

EBV = b1P + b2Pf

weight weight
own 
performance

family 
performance



Types of family information 
sources

– own performance
– mean performance of full sibs
– mean performance of half sibs
– performance of sire and / or dam
– performance of progeny

EBV = b1P + b2P2 + b3P3+ ……... bnPn



Examples of accuracies

h2=0.1 h2=0.3

own information 0.32 0.55

mean of 10 half sib 0.23 0.33

mean of 1000 half-sibs 0.49 0.50

mean of 1000 full-sibs 0.70 0.71

mean of 100 progeny 0.85 0.94

equal to sqrt h2

max is sqrt 0.25 = 0.5

max is sqrt 0.5 = 0.71

max approaches 1.0



Information from correlated traits

Different sources of trait information are 
weighted into an index

EBVx = b1Px + b2Py

weight weight
phenotype 
trait x

phenotype 
trait y

Assumes a correlation between traits x and y



Information from correlated traits

Require EBVs for trait x, have information on both 
traits x and y, traits x and y are correlated

– select on trait x EBVs from trait x phenotypes!
response in trait x  (and response in trait y)

– select on traits x EBVs from trait x and y phenotypes !
more response in trait x (and more in trait y)
‘trait y provides additional information on trait x’



Multiple trait selection indexes: terminology

Breeding objective ‘where to go’
• traits you want to improve

Selection criteria ‘how to get there’
• traits that are an information source

Economic value (ev)
• are used to weight EBVs (describe relative importance of 

the different traits)
• equal the $ value of increasing trait by one unit, assuming 

all other traits remain constant 
• calculated from knowledge of production system 



Selection criteria:

all information 
sources (trait 
phenotypes, including 
correlated traits)

Breeding objective:

Breeding values for 
all traits in objective, 
each weighted by its 
economic value

Determine 
optimal weights 
for each 
information 
source by 
multiple 
regression



Multiple trait selection indexes:

index($) = b1EBV1 + b2EBV2 + b3EBV3

index weights (b)
– are optimal weights for each information source

• uses relationships between information sources
• also uses the relationship between information sources 

and traits in objective
• also takes into account economic values of objective traits



Example: Weight and feed intake
– rA=0.5 rP=0.3
– weight (W) h2=0.5    σP=17Kg
– feed intake (FI)   h2=0.3     σP =25kg

BO SC bW bFI RW RFI
Weight Weight 0.5 0 10.2 5.8

Weight Weight & FI 0.45 0.11 10.3 6.5
assumes ev weight =1  and ev FI = 0

Weight & FI Weight & FI 0.25 -0.07 4.8 -3.2
assumes ev weight =1  and ev FI = -1

Weight & FI Weight & FI 0.25 -0.25 -1.9 -8.1
assumes ev weight = 1  and ev FI = -2



Response using a selection index

More information

More accuracy

More response

R = i rI,A σA

Selection accuracy:

correlation between 
index (ebv) and true 
breeding value



Selection on own phenotypes

R = i  h2 σP

R = i  h σA

Selection on a selection index

R = i  rIA σA

Accuracy of mass 
(phenotypic) selection

Accuracy of index 
selection



BLUPBLUP

Best Linear Unbiased Prediction:    
a tool for genetic evaluation



Consider the features we want in an EBV / index

High accuracy, for high response 
– highest correlation between true and estimated 

breeding value (‘best’)

Lack of any bias, for fair comparison
– true breeding values are distributed around 

predicted breeding values (‘unbiased’)



BLUP maximises accuracy by:
– calculating EBVs using all information sources  

(information from relatives, and in multi-trait BLUP information from 
correlated traits) 

– using proper index weights

Note that this is what a selection index does
BLP = selection index

BLUP and accuracy



BLUP ensures EBVs are unbiased:
– ‘unbiased EBVs are a matter of fair comparison’

Note this is the u in BLUP
BLP + unbiasednees = BLUP

BLUP and lack of bias



Possible causes of bias ‘fixed effects’

Problem:  Some animals reared as singles, other as twins
Solution:  Correct phenotypes for effect of rearing type

Problem:  Animals producing in different herds
Solution:  Take phenotypic deviation from herd mean

Problem:  Animals are measured at different ages
Solution:  Correct phenotypic observations for the mean of   

the appropriate age

This could be achieved by selection index 



Possible causes of bias ‘fixed effect 
confounded with genetic effect’

Problem:  Animals producing in different herds, and the  
different herds have different genetic means

No longer can take phenotypic deviation from herd mean

Solution: Use reference sires as links between herds,
and simultaneously evaluate herd and sire effects
(see next two slides) 

A feature of BLUP



Average of flock A = 
4.5 kg

Environment A

Progeny of reference 
sire is 4.0 kg

Average of flock B = 
5.0 kg

Environment B

Progeny of reference 
sire is 5.5 kg



In flock A              has an EBV of -1 kg

In flock B              has an EBV of +1 kg

Thus flock A is 2 kg genetically superior to flock B

Pav = Gav + Eav

A: 4.5 4.5 0
B: 5.0 2.5 2.5



Problem:  Some sires have better mates
Solution:  Account for mates by evaluating all animals   

jointly

Sire 1:  +300 Dam 1:  +200 Progeny: +250
Sire 2:  +300 Dam 2:  +300 Progeny: +300

Possible causes of bias ‘unequal merit of mates’

This would make sire 2 look better, unless we
accounted for the fact that sire 2 had a better mate

A feature of BLUP



Problem:  There is culling and selection
• worst sires have more progeny culled ‘culling bias’
• animals are from selected parents

Solution:  Do joint evaluation
• account for culling bias by evaluating first and later traits 

jointly
• account for selection by joint evaluation over years 

Possible causes of bias ‘selection bias’

A feature of BLUP



ID Sire Weaning
Weight

Progeny
mean

Yearling
Weight

Progeny
mean

101 1 160 300

102 1 140 140 280 280

103 1 120 260

104 2 140 280

105 2 120 120 260 270

106 2 100 no record
as culled

• Sire 2 gets an unfair ‘lift’ in progeny mean of yearling 
weight, due to culling at weaning.  This is accounted for if 
traits are evaluated jointly

Culling bias



Animals are from selected parents

350 300 250

365              335          310              290

• Genetic mean changes as years go by.  This is accounted 
for by joint evaluation over years (requires genetic links 
between years)

Year 2

Year 1



Genetic trends can be observed by 
plotting BLUP EBVs over years

From: 
Australian 
Simmental
breeders 
association 
report, 1981



Problem:  Some animals have more information than others
• different number of sibs
• different number of progeny
• etc.

Solution:  Construct a selection index for each animal

Possible causes of bias ‘unbalanced designs’

A feature of BLUP



How BLUP works

• A joint evaluation of all animals
– uses all additive genetic relationship
– uses data on all animals jointly

• Works as a linear model
– corrects different effects for each other
– jointly estimates animal effects and fixed effects

• Has selection index properties



Advantages of BLUP

Optimally weights different information sources
• many different sets of weights can exist as each animal 

has a different information sources.  BLUP derives 
optimal weights automatically

Allows comparison of EBVs of animals in 
different herds

• but genetic links between herds must exist



Advantages of BLUP continued

Accounts for non-random mating, selection and 
culling

• but mates and non-selected animals must be included in 
the analysis

Provides an estimate of genetic trend
• but genetic links between years must exist



Requirements of BLUP

Pedigree information
– records of sire and dam

Phenotypic information
– accurate measurements
– accurate allocation to fixed effect classes

Genetic parameters



BLUP is used to calculate EBVs for industry 
(LAMBPLAN, BREEDPLAN)



• In a multi-trait BLUP, EBVs are simply 
weighted by their economic values

index($) = ev1EBV1 + ev2EBV2 + ev3EBV3

Multi-trait BLUP


