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Multiple trait breeding objectives

<+ Breeding objectives = “where you want to go”

+ Should include all traits of economic
importance

+ Select on an index where index weights are
derived taking into account

« Relationships between traits
o Economic value of each trait

Multiple trait selection
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Range of possible responses in two traits

r,=1or-1
ra=1(-1) both traits will always change in same (oppsite)
direction

r, between 0 and 1

easy to change traits in same direction
possible to change traits in opposite direction
<+ harder if r, is closer to 1

< compromise is that maximal response is not obtained for either
trait

r, between 0 and -1

easy to change traits in opposite direction
possible to change traits in same direction
+ harderifr, is closer to -1

+ compromise that that maximal response is not obtained for either
trait

Muitiple trait selection
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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

Multiple trait selection
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Association is positive but less strong
+ Lower maximal response for increased PWWT and EMD
+ More outcomes in undesirable quadrants

Multiple trait selection
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If the association was negative
<+ More difficult but not impossible to increase both PWWT and

Multiple trait selection
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If the genetic correlation was -1
+ Could not increase both PWWT and EMD

Muitiple trait selection

Calculation of weights (b)
Index = b; X, + b, X, + b X5 + ...

Weights on each information source take into account
% relationships between traits (set)
+ economic values of breeding objective traits (variable)
* b=P'Ga (see later)

The relative response in each trait can be changed by altering
the economic values and thus index weights of the traits

Multiple trait selection
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Likely sign of bgyp, bpywr

Multiple trait selection

Calculation of weights (b)

H (breeding objective) = b, X, + b,X, + b X5 + ...

b=P-1Ga
+b is a vector of selection index weights for traits in the
selection criteria,

+P is the phenotypic variance-covariance matrix for
traits in the selection criteria, Var(X)=P

+G is the genetic covariance matrix between traits in
the breeding objective and the traits in the selection
criteria, Cov(X,H)=G

«a is a vector of the economic values of traits in the
breeding objective

Multiple trait selection
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Example
Objective Criteria
+ GR fat depth (GR) %+ C fat depth (CF)

+ Eye muscle area (EA)

% eye muscle area (EA)
+ Liveweight (LW)

-1
by CovPy, ,;, CovP wer  COVPLy, oy Covd,y 1y Covd,y }
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bep |=| CovPepy  CovPeper  CovPep p, CovAcrpy  CoVAcp g
be, CovPpyy  CoVPpcr  CoVPyyp, | | CovAy,p  CovAp g [
Index Phenotypic VCV matrix Genetic covariance
weights of traits in the selection matrix between traits in
criteria the selection criteria and
objective

Economic values
of breeding
objective traits

Multiple trait selection

Index selection
Variance of the index Viier = V(w() =b'V,b=b'Pb
$ response per generation $R=ic,, =i /b Pb

_bG

O—Index

Component trait response AG
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Case study

Weight (W) & Feed Intake (FI)

+ Traits have a positive genetic and phenotypic correlation
+ Typical industry objective is to increase weight and decrease

feed intake
h? Op
W 0.5 17kg
Fi 0.3 25kg
Ta 0.5
fo 0.3

Multiple trait selection

Ellipse of possible responses

~Choose 2 objectives-

i Fleece weight 15.4Kg
™ Fibre diameter
¥ Weight Feed Intake
¥ FeedIntake
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View Core Data

Multiple trait selection
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Breeding objective & Economic
selection criteria values Index weights  Response
BO | SC [evyy|evy | by | bg | Ry | Ry

assume | assume

d d
w w 1 0 05 | na | 850 | 4.84
W |W&FI| 1 0 0.49 | 0.03 | 8.53 | 540
W&FI | W&FI{ 1 -1 1032 |-023| 402 |-264
W&FI | W&F1 | 1 -3 | -097|-765|-340|-754

Multiple trait selection

Relationship between economic values and
breeding objectives

assume | assume

d d
W w 1 0 05 na | 850 | 4.84
W |WaFI| 1 | 0 | 049|003 ] 853 | 540
WSFI|WaFI| 1 | -1 | 032 |-023 | 402 | 2.64
W&FI | W8FI| 1 | -3 | 097 | -7.65] 340 | -7.54

Multiple trait selection
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Single trait breeding objective

BO | SC |evyy | evy | by | by | Ry | Ry
assume | assume
d d
W | W/ 1 0 |05] na /850|484
W [W&FI| 1 | 0 | 049 003|853 540
W&FI |{W&FI| 1 | -1 | 032 [-023|4.02 | 264
W&FI |W&FI| 1 | -3 |-097|-7.65]-340 | -7.54

Multiple trait selection

--Choose 2 objectives |
" Fleece weight |
" Fibre diameter |

Shi

oW
Isoeconomic lines
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15.4Kg

Feed Intake

SC=W |SC=W+FI

Multiple trait selection
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- Chooso 2 objeclives
™ Fleoce weight
™ Fibre diameter

Genetic cor. | .

Edit Core Data

Phen. com. | |

View Core Data

15.4Kg 7

Feed Inlake

Weight

SC=W

—
8.12Kg

BO=W
SC=W +FI

Multiple trait selection

Multiple trait breeding objective

BO | SC |evy | evy | by | Py | Rw | Ry
assume | assume
d d
W | W /| 1] 0 |05] na |850]484
W |W&FI| 1 | 0 | 049 | 003|853 | 540
W&FI |W&FI | 1 | -1 | 032 |-023| 402 |-264
W&FI [W8FI| 1 | -3 |-0.97|-7.65|-3.40 | -7.54

Multiple trait selection
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Note the relationship between economic values,
index weights, and subsequent response

BO | SC |evy | eve | by | b | Ry | Rey
assume | assume
d d
W w 1 0 0.5 na | 850 | 484
W | W&FI (I 0 049 | 0.03 | 853 | 540
W&FI | W&FI 1 -1 1032 |-023]| 4.02 | -2.64
W&FI | W&FI 1 -3 1-097|-765|-340|-754

Multiple trait selection

% Indow resgonses 134,756 Weights: (017, 7651

 Index espome: (4022, 2.66] Weights (3101, 233 .

Multiple trait selection
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Note compromise in trait response

BO | SC |evy |evy| by | by | Rw | R
assume | assume
d d

w w 1 0 0.5 na | 8.50 | 4.84

W | W&FI{ 1 0 049 | 0.03 | 8.53 | 5.40

W&FI | W&FI| 1 -1 032 | -0.23 | 4.02 | -2.64

W&FI | W&FI| 1 -3 |-097|-7.65|-3.40 | -7.54

Multiple trait selection

Correct economic values > correct index weights =
most $ returns

assumed | assumed

w w 1 0 0.5 na | 850 | 484 | 3.66

W | W&FI 1 0 049 | 0.03 | 853 | 540 | 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 | -340 | -7.54 | 4.14

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

Multiple trait selection
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Correct economic values - correct index weights >

most $ returns

BO | SC |evy|evy | by | by | Ry | Re | $
assumed | assumed
w w 1 0 0.5 na 8.50 | 484 | -6.02
W W&FI 1 0 049 | 003 | 853 | 540 | -7.67
W&FI | W&FI 1 -1 032 | -023 | 4.02 | -264 | 11.94
W&FI | W&FI 1 -3 -0.97 | -765 | -340 | -7.54 | 19.22

$ return was calculated using real economic values of +1 for
weight and -3 for feed intake

Multiple trait selection

Points to note

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

The highest $ return is achieved when the index
welights 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)

Multiple trait selection
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Obtaining different responses by altering
the economic value

15.4Kg

Feed Irﬁake

EVyy, €V

Multiple trait selection

Corresponding index weights

15.4Kg

Feed Intake

Multiple trait selection
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:5 i
‘/} ¥ Weight E

Edit Core Data

£ View Core Data

Isoeconomic lines are lines of equal economic value

+ * gives an example of the same economic return achieved
through different trait response

+ red circle is the most economic place to be

Multiple trait selection

Could we decrease feed intake with no change in
weight?

BO | SC |evy|evy | by | be | Ry | Re

assumed | assumed

W&FI | W&FI | 1 -1 032 | 023 | 402 | 264
WS&FI | W&FI 1 -3.2 026 | 092 | 0.00 | -7.12
W&FI | W&FI 1 -3 -097 | -765 | -340 | -7.54

Multiple trait selection
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A final note

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

To combine into an index, simply weight by the
economic value

x EBV,

traif2***

Sindex=ev, .. xEBV. .. +ev

traifl traifl trait2

Multiple trait selection




