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Selection indices

1. Selection indices for a single trait
Indices with information from relatives
Indices with information from several traits

2. Selection indices for multiple traits
Economic Weights
Indices for multiple traits with individual information
Interlude: The Bulmer effect
Indices for multiple traits with family information

3. Some features of selection indices



Selection indices for a single trait

SELECTION BASED ON RELATIVES

| = LINEAR COMBINATION OF PHENOTYPES FROM RELATIVES

/

1
" Y,
I=a:by=[b1,b2,---,bn] +e:b1y1+b2y2+”'+bnyn
|V _

The data are centred



Selection indices for a single trait

a=b'y
a=b'y+e
The data are centred

a-y =b'yy'+e-y /
E(a-y')=E(b'yy')+E(e-y')=b'E(yy’')+cov(e,y')=b'V+0=b'V

c=b'V -5 b'=cV' > a=I=by=c'V'y I=c'V'y

¢'=E(a-y")=cov(a,y’) :E([a.yl,a.yz’...,a.yn]) _
|:COV(CI,y1/),CO\v/(a,y2 ),-+,cov(a,y, )] =] cov(a,a,),cov(a,a,),-,cov(a,a,)]

y,=a +e,
V| o7 cov(yy,) e cov(y,y,))]
V=E(y-y)=E| " [y, 1.1, on o cov(yy,)
Y, _ o




Selection indices for a single trait

a=Db'y
a=b'y+e
e=a—-a=a-b'y

o, =var(a—b'y)=o’ +b'var(y)b—2b'cov(a,y) =03 +b'Vb—2c'b

min| Risk(d) | —>min(ci)

oc* A .
e =2b'V-2¢'=0 — b'=cV' > I=4=cVly

cov(e,y')=cov(a—b'y,y")=cov(a,y’)—cov(b'y,y')=
:c'—b’V:C'—C'V_IVZO



Selection indices for a single trait

I=c'V'y

0, c: PRECISION

Pac : RELIABILITY

cov(a,]) o o, , _ O
Pas = — — Pa, =
cSACSI cSACSI GA cFA
cov(a,l)= cov(a,c’ V‘ly) =c’V™'-cov(a,y)=c'V'c=0;
o) = var(c’V‘ly) =c'V*'-var(y)-Vie=c'V'Wc=cV'c
2
G.: Prediction error variance R : RESPONSE
2 2 2 2 2 — H _
Ge:GA(l_pA,/):GA_GI R=p,,1:0,=1I-0,

CI(95%)

=*20,

IC

95%




Selection indices for a single trait

EXAMPLE

Index for litter size based on data from
the female (/), two half-sisters (HS) and the mother (M)

Y =V, Vs Viss 1Y | =9 K =010 o =0.90 I=c'V'y

¢'=cov(a,,y')=| cov(a,,a,),cov(a,,a,),cov(a,,a, ),cov(a,a,) | =
1.1 ,1

- {GA 207 5 ,Ecj} =[0.90,0.23,0.23,0.45]

var(y,) covly,,y..) cov(y,y.) covly,y,) ]| [9 0.23 023 0.45

var(y,.)  cov(y,..Y.s) cov(y,..y.,) 9 0.23
var(y,s)  cov(yus,Yu) 9

var(y,,)




Selection indices for a single trait

EXAMPLE

-_1-1r —_

(9 0.23 0.23 045] [y,

9 023 0 | |y,

a=1=0.9,0.23,0.23,0.45] =0.10y, +0.02y,. +0.02y,. +0.05y,,

9 0 Vs
: o 1 [Vu]
(9 023 023 045] [0.90]
T 9 023 0 | |023
o} =c'V'c=[0.9,0.23,0.23,0.45] =0.12
9 0 | |023
] 9 | 1045
o) 0.12
P, =—t= =036 — p,, =0.36"=0.13
" © 0.90

A

6’ =02 -6’ =0.90-0.12=0.78 — IC,,, =+20, =+20.78 =+1.77

R=i-0,=0.8-4/0.12 =0.28 piglets/generation



Selection indices for a single trait

y/:14l yH5:12; y,_,5:13, yM:]'S’ m:].O

/=0=0.10(14-10)+0.02(12-10)+0.02(13-10)+0.05(15—10) =0.75

G%IC,, =0.75+1.77=[-1.02  2.52]
m+a=xICy, =10.75£1.77=[8.98 12.52]
With individual selection With the selection index
R=h*-i-0,=0.10-0.8-3=0.24 R=0728
p=h=+h =/0.10=0.32 > p? =0.10 p=0.36— p>=0.13
ol =h'o}(1- p})=0.10-3’(1-0.10)=0.81 o2 =078

IC,., =*1.77

95%

—

Con =+2/0.81 =+1.80
GEIC,, =0.10(14-10)+1.8=04+18=[-14 22]  G%/Coy=075£177=[-1.02

95%

2.52]



Selection indices

3.1. Selection indices for a single trait

3.2. Selection indices for multiple traits
3.2.1. Economic weights
3.2.2. The selection index
3.2.3. Indices for multiple traits with family information

3.3. Observations on selection indices



Selection indices for multiple traits

ECONOMIC WEIGHTS
EXAMPLE
B =Returns —Costs =
C p: commercial weight of the rabbit
=p-P—|c-P+C 4+ _F n: total number of kits per female
P T p c: feed consumption.

C,: maintenance costs of the female = 64€
AB C;: fixed cost of maintaining an individual

W; = A P_: price in € per kg of feed = 0.3€
Yi P,: price in € per kg of live weight = 2€.
Wy =P =2
g Ivewelg Economic weights should
w,_=—P =-0. k € be recalculated frequently
g feed

w

C, C
= H=64—64:—o.039 k.tfd
41 40 41 40



Selection indices for multiple traits

ECONOMIC WEIGHTS

B=f(Vi,Vsr--V,) =

C
B=Returns—Costs=p-P, —(OPC +C, +—Fj

EXAMPLE

n

p: commercial weight of the rabbit
n: total number of kits per female

c: feed consumption.

C,: maintenance costs of the female

C: fixed cost of maintaining an individual




Selection indices for multiple traits

ECONOMIC WEIGHTS

B =Returns — Costs =

:p-Pp—(

OB

w =|—
p _ap_m

OB

WC= —
| oc |

.
Wn = | — =
on |

c-P+C+-—+

.

€

EXAMPLE

p: commercial weight of the rabbit

n: total number of kits per female

c: feed consumption.

Cr: maintenance costs of the female = 64€
C;: fixed cost of maintaining an individual

= Pp =2 e Tveweight P_: price in € per kg of feed = 0.3€
P,: price in € per kg of live weight = 2€.
€
_PC = _03 kg feed
C 64
- ﬁl-zl B 402 = _0'04 kitSdeG



Selection indices for multiple traits

INDEX WITH INDIVIDUAL INFORMATION

SELECTION objective: economic additive value

— [N ] — ’
a,=w,a,+ - +wa =wd

| =LINEAR COMBINATION OF PHENOTYPES FROM TRAITS

Vi The data are centred
' Ya
a=by+e=|b,b,,---,b || |+e=by, +by, +-+by, +e
| Y _
SELECTION objectives: a4, a,, ..., a,, The OBJECTIVES and CRITERIA may coincide
SELECTION criteria: yq, Vo, ..., ¥,y or be wholly or partially different

-kg milk + ¢ -kg protein=€

units(aE)=UnitS(WLaL"‘WPGP):kg milk kg prOtEin



Selection indices for multiple traits

INDEX WITH INDIVIDUAL INFORMATION

SELECTION objective: economic additive value

OBJECTIVES: a,,, 0,
CRITERIA: y,, y,

I=cVly| |a,=c

a, = w,,a, +W,a,
I=a.=b,y, +by The data are centred
,'V,V—ly c/ = [cov(aM ,a,, ),cov(a,,,a, )] = [Gi\M ,cov(a,,,a, )]
a,=c,V'y ¢, =| cov(a,,a,, ),cov(a,,a,) | = [cov(aM,aP),Gi\P ]

N

G = GAM _ C,\,ﬂ Vig=c'vly __| 5%, cov(Y,,V»)
aP CP Gip




Selection indices for multiple traits

EXAMPLE

SELECTION objectives: Feed conversion ratio FCR and Backfat thickness BF
SELECTION criteria: Growth rate GR and Backfat thickness BF

ECONOMIC WEIGHTS
0.1 FCR - €3 per animal
1mm BF - 1€ per animal

Heritabilities on the diagonal,
genetic correlations above the diagonal,
phenotypic correlations below the diagonal.

m Op FCR GR BF
FCR 2.5 0.25 FCR 0.2 -0.7 0.4
GR (g/d) 700 72 GR -0.6 0.3 0.1
BF (mm) 15 3 BF 0.4 0.2 0.5
2
h? =o-—’;—>c7j =h’c,
GP
cov(a,,a, )
r,(a,.a,)= —cov(a,,0,)=r,(a,,a,)-0, 0,
GAlo-Az
cov(y,,y,)
rp( 1'y2):—_)cov(y1'y2):rp (yl'yz)'GPlng

Op Op,




Selection indices for multiple traits
EXAMPLE

SELECTION objectives: Feed conversion ratio FCR and Backfat thickness BF
SELECTION criteria: Growth rate GR and Backfat thickness BF

cov(a,,y,)=cov(a, , a,+e,)=cov(a,,a,)

a cov(a..,a cov(a..,a -3.1 0.1
C’ZCOV(a;y'):COV(|:GFCR:|I[yGR yBF]]:[ (FCR aGG:)) (FzCR BF)}:{ 8.4 4_5}

BF cov (aBF ’ O-ABF

v o coV(Ver,Ver ) _| 5184 43 Ly 0.00020 -0.00096
coV(VerrVer ) oy 43 9 —0.00096  0.1157

w' =[w,,,w,, |=[-30,-1]
-3.1 0.1 0.00020 —0.00096
e I

=0.024y,, —0.95
8.4 4.5/ -0.00096 0.1157 yBJ Yer Ver

GR=770g/d; m =700 5

BF=15mm; mg=15 d

=0.024(770—700)—0.95(12—-15)=4.53 €




Selection indices for multiple traits

INDEX WITH INDIVIDUAL INFORMATION

/

P4 c: PRECISION

2

GAE

=var(w'a) = w'[var(a)}w =w

— —= ~ A S P e |
=a, = w,,a,+w,a,=wa=wCV 'y
2
Pac : RELIABILITY | |O,: PEV
2
]
2 _ M 2 _ 2 2
pA,I_ 2 Ge_GAE G/
GA
E

!

CI(95%)

R : RESPONSE

ICy,, =*20

e

R=i-o,




Selection indices for multiple traits

INDEX WITH INDIVIDUAL INFORMATION

_ A~ ~ A e PaA VA
l=a,=w,a, +tw,a,=wa=wCV 'y

M=M

R : RESPONSE FOR EACH OBJECTIVE

R=i-c,
R, | cov(a,,y) |
R‘2 —wiev- cov(sz'V) .L:Wrcrv—lc.i
O, G,
R, | cov(a,,y) ]




Selection indices for multiple traits

EXAMPLE

s -3.1 0.1][ 0.00020 -0.00096] 3.1 8.4][-30
o/ =w'CV7Cw=[-30 -1]
84 45| -0.0009 0.1157 | 0.1 45| -1

} =9.2—>0,=+9.2=3.03€

2 , 0.013 0.11][-30
O-E\E _ [aFCR aGD]|: GAFCR COV(GFZCR aBF ):|{GFCR:| _ [_30 _1]|: :||: :|:22 N o, = \/Z —4.69€

COV(Gyeq, O ) Ty 0 0.1 45| -1

o, 9.2
Pa :G—’z > =0.64 P, =0.64" =0.41 R=i-0,=13-3.03=3.94€
AE

0.=0, —0;=22-92=128 > [Cy, =%20,=1212.8=17.2

Rk | yorran i -3.1 0.1][ 0.00020 -0.00096|[-3.1 8.4] 1.3 [-0.072
=w'CV'C—=[-30 -1] =
R o, 84 45| -0.0009 0.1157 || 0.1 4.5]3.03 | -17

BF



Interlude:

Changes in genetic parameters with selection.
The Bulmer effect



Changes due to selection

m:imi=n-k(p—q)=nk(P—1+P):”k(2p_1) kﬂﬁ

1

! ! ! ' 1
m—mznk(Zp —1)—nk(2p—1):2nk(p —p) p—pﬂﬁ

iaj =n-2pqk’ =2np(1—p)k2 =2n(p—p2)k2
1

1

{iai} —{iai} :2n(p'—p'2)k2—2n(p—p2)k2:2nk2[(p'—p)+p2—p’2}DO
1 Gl GO

do’ L 3 When n— o distribution — Normal
dA =2> p(m—m) 00
{ )

Assymetry — 0



Changes due to selection

J*: variance of selected parents

ficH . .
V' : population variance = 1

V- <V {Zﬁj} —{Zoj} 10
1 Gl 1 Go Negative covariances

/

2 2 2 2
c,=0, +0, +0, +"'+2COV(A1,A2)+ZCOV(A1,A3)-i-“-



Linkage disequilibrium

BB Bb bb
98+824 50+422+220+£Zl
AA | 50 42 6| 98 A)=p= =0.70 AB)= =0.46
frec(A)=p 200 frec(AB) -~
Aa |20 44 20| 84
96
72+—
aa | 2 10 6| 18 frec(B)=r= 2002 ~0.60 frec., (AB)=p-r=0.7-0.6=0.42
/2 Q6 321|200

D(AB) = frec(AB)— frec,,(AB)=0.46—(0.7-0.6)=0.04 =D
D(Ab) = frec(Ab)— frec,, (Ab)=0.24—(0.7-0.4) =—0.04 =D
D(aB) = frec(aB)— frec,, (aB) =0.14—(0.3-0.6)=—0.04 =—D

D(ab) = frec(ab)— frec,, (ab) =0.16 —(0.3-0.4)= 0.04 =D



fAB
faB

fAB
faB

Linkage disequilibrium

a X B a a+x

b yl |b b+y
fAb _ fAB fAB+fAb _ fAB P _ fAB P — fAB P = f.. —pr
fab faB faB+fab faB q fAB+faB p+q r 1 *
fAb _ fAB+fAb fAb _ p fAb _ p+q fAb +fab _ 1 S :f _qs
fab faB + fab fab q fab q fab q fab ab

fAB_pr:fab_qs fAb_pS:faB_qr




Bulmer effect

Y y =k y, =0
B b

X frec(yl)zr frec(y2)=S
X =k A Xy =k’ AB Xy, =0 Ab
frec(xl)zp frec(xhyl):fAB frec(xlayz):fAb
x, =0 X,y =0 X, ¥, =0

a aB ab
ﬁ'ec(xz):q frec(x29yl):.faB frec(xzayz):fab
Mean(x):)?:k-p+0-q:k'p
Mean(y):)_/zk'r+0'szk°r

cov(x,y)=> xy,f, —X-V=k-k- [, +0+0+0—kp-kr =k*( [, — pr)




Bulmer effect

f.,; =0.6 f,, =0.2 f.,=0.2 f,=0

p:-fAB+fAb:0'6+0-2:0-8 q:l—p:o_z
r=f,+f;=06+02=0.8 s=1-r= 0.2

cov(x,y)=k*(f, —pr)=k*(0.6—-0.8-0.8) =—0.04 -k

A

Ab):fAb_p’5=—0.04 fAB—pr:fab_qs

(
D(
D(aB)=f,—q-r=-0.04
D(ab)=f,—q-s= 0.04 |> f, <gs — f,, <pr —>cov(x,y)=k*(f,; —pr)<0




End of the Interlude



Selection indices for multiple traits

i 1 1
g COV(0req,Ogr )  COV(0gr, 05 ) —COV(0p 0z ) —COV(Opep O )
C':covﬂ FCR} [y Yer 1Vor VHSJ]Z * ‘
g |'LYer+VerrYerrVer 1 1
BF cov(ay ,0g; ) o =cov(ay g, ) =
i 5 4 4
_G cov(VerrVer ) 1y 1cov(a a )_
P GrR* Y BF 4 A 4 6rYsr
1 1
V=Var(|:yGR;yBF;yg::y;f:|)= Gf’BF ZCOV(GBF’GGR) ZGiBF
o coV(Vor Vs )
L GiBF i

INDEX WITH FAMILY INFORMATION

N

E

L~ -~ _ r~ I~y g1
=0, = W05 + W0, =Wad=WCV 'y

V'=| Yor Ve Ven Var |

2
Agr




Selection indices for multiple traits

EXAMPLE

(5184 43 389 2.1

, [-31 01 -0.78 0.025 v 9 21 11
|84 45 21 11 5184 43
- 9 -
0, =/=w'C'V'y=0.024y,, —0.934y,. +0.004y., —0.114y,”
o7 =wCVCw =9.31 pas == 222 065 P2, =0.65 =0.42

0.=0, —0,=22-931=127 > ICy,=%20,=12J12.7=%7.1

R=i-0,=13-49.31=3.97¢€



Selection indices

e |t is possible to improve a trait (target) using other traits as selection criteria.

e |t is possible to select indices with restrictions on a trait (which is not to be altered).
e |t is possible to select indices with desired gains in certain traits.

e |t is possible that some individuals may have missing data, either wholly or partially.
e Some traits may have repeated measurements, differing between individuals.

e Some individuals may have data from more relatives than others.

e Indices do not improve all traits; they enhance overall genetic gain.

* Indices are the optimal selection method if the genetic parameters are the true
values. Economic weights are more robust to estimation errors.

* Indices do not usually comprise many objectives or many selection criteria.
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