Zdenka Vesela

vesela.zdenka@vuzv.cz



mailto:vesela.zdenka@vuzv.cz

" J
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m V praxi predpoved plemenné hodnoty
pomoci BLUP

m Best Linear Unbiased Prediction

m  System rovnic linearnich modelu se
smisenymi efekty
Fixni efekty — napr. vek matky, pohlavi,
plemeno, rok

Nahodné efekty — napr. plemenna hodnota,
maternalni efekt, trvalé prostredi



" J
BLUP

Modifikovane rovnice zobecnénych
nejmensich Ctvercu

Momentalne nejcaste/si a nejrozsirene|Si
metoda predpovedi PH

Doporucena literatura:

MRODE R.A.: Linear models for the prediction
for animal breeding values

JAKUBEC V. a kol.: Odhad plemenne hodnoty
hospodarskych zvirat
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m Linearni model se smisenymi efekty
y=Xb+Za+e

m y—n x7vektor pozorovani, n = pocet pozorovani

m b —p x 1 vektor fixnich efektu, p = pocet urovni fixnich
efektu

m a-—( x 1 vektor nahodnych efektu, q = pocet urovni
nahodnych efektu

m e —n x 1 vektor nahodnych residualnich efektu

m X —incidencni (strukturni, designova) matice dimense n X

P .
m /- incidencni matice dimense n % q




" J
BLUP

m Linearni model se smisenymi efekty
y=Xb+Za+e

m [ze znazornit | skalarnim zapisem
Vik = M+ a; + G + ey
Vi — UZitkovost jeaince

U — prumér populace

a; - fixni efekt i

B, — nahodny efekt j s primérem 0 a varianci 0%,
e.ix — hahodny chybovy efekt (reziduum)
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m Soustava normalnich rovnic (Henderson)
Mixed Model Equation (MME)

Transponované matice

X'R'X O\ X'R'Z b [X'RYy
ZR'X Z'R'Z+G*]a




BLUP

m Soustava normalnich rovnic (Henderson)

Mixed Model Equation (MME)

R™X X'R™Z

RIX Z'RIZ+GT

Q> O

(Y,

(Y,

Uzitkovost
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m Soustava normalnich rovnic (Henderson)
Mixed Model Equation (MME)

KR Rz Tp] [XRY

ZRTX) Z’R'Z+G|a| | Z'RYy

Incidenéni matice fixnich efektu
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m Soustava normalnich rovnic (Henderson)
Mixed Model Equation (MME)

XRIX xR Tp] [x'RYy

@rx @r@e || @Ry

Incidenéni matice nahodnych efekt




BLUP

m Soustava normalnich rovnic (Henderson)

Mixed Model Equation (MME)

R™X

RIX Z'RZ+GT

X'R'Z |

2 (o)

Odhadované fixni efekty




BLUP

m Soustava normalnich rovnic (Henderson)

Mixed Model Equation (MME)

R™X

R™X

X'R™'Z
-1 -1 2N
Z'R'Z+G™ [3)

O

——

Predpovidané nahodné efekty
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m  Soustava normalnich rovnic (Henderson)
Mixed Model Equation (MME)

X®IX  x®)2z o] [X®Rly
ZRIX zZRIzZ+G'|a| |ZRy
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m Soustava normalnich rovnic (Henderson)
Mixed Model Equation (MME)




BLUP — otcovsky model

Predpovidame PH pro plemeniky (otce)
dle uzitkovosti jejich potomku

Nahodny efekt v modelu je otec
Predpokladame-li, ze plemenici mezi
sebou nejsou pribuzni a maji stejnou
varianci o2,

Rozptylova matice nahodneho efektu
(otec) bude G = 0%

G1=(1/02) |
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BLUP — otcovsky model

m  Soustava normalnich rovnic (Henderson)
Mixed Model Equation (MME)

X'X X'Z b| [ X'y

Z'X 2'2+G oD |al |Z'y
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BLUP — otcovsky model

m  Soustava normalnich rovnic (Henderson)
Mixed Model Equation (MME)

X' X X'Z lp| [ X'y
Z'X Z'Z&laa| |Z'y
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BLUP — otcovsky model
m PRIKLAD 1

BLUP - otcovsky model
Mame k dispozici produkci mléka 10 dcer 5 bykd za 100 denni zkracenou prvni laktaci. Dcery se nachazeji ve 3 stadech (viz tab).
Cilem cvi¢eni je odhadnou fixni efekt stada a predpovédét plemennou hodnotu otcdl.
Otcovské efekty predstavuji nahodny vybér z mnoziny otcl se stfedni hodnotou rovnajici se 0 a s varianci 24500 kg.
Kazda uzitkovost obsahuje vedle stadovych a otcovskych efektl jeden nahodny rezidualni efekt se stfedni
hodnotou 0 a varianci 465500 kg.
Predpokladame, Ze otcovské efekty jsou na sobé nezavislé, tj. otcové nejsou mezi sebou pfibuzni.
Dale vypocitejte standardni chybu pfedpovédi, spolehlivost a pfesnost pfedpovédi plemennych hodnot byk.

i I R
v ko
1 3 4200
1 5 2700
2 1 3200
4 000 W 2 3100
2 5 3000
6 E 2 2900
3 3 2800
ER : 4 3800 )
R : 4 4000 D
3 5 3500




BLUP — otcovsky model

m PRIKLAD 1

|

XX X
L'X Z2'Z

@

m  Rozptylova matice nahodnych efektu
0?2, = 24500 kg

02, = 465500 kg
a = 0% /0% =465500/24500=19 _

19 0 0 0 O
0 19 0 0 O
0 019 0 O
0 0 0 19 O

b
a

1

X'y
Z'y

|

arzs = 24500;

wvare = 4&5500;
alfa = wvare/vars; print alfa;

I =1I(5):; print I;

Izlfa = I®*alfa; print Ialfa:;

0 0 0 0 19




BLUP — otcovsky model

m PRIKLAD 1

Dcera 1 v 1. stadé
Dcera 2 v 1. stadé
Dcera 3 v 2. stadé

—_—
—_—

OOOOOOO;DHH

_ O O

O O O O o k-

kS

X'Z To| [X'y
Z'Z+lalal |2y

IncidencCni matice pevného efektu stado

|

II—\I—‘HHHOOOOOI

f%,.. PRIKLAD 4 ...#®/
“lproc iml;

100,
010,
010,
010,
001,
001,
0D 1,
0D 1,
00 1};
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BLUP — otcovsky model {Z'x z@la}[asz}
m PRIKLAD 1
m Incidencni matice nahodného efektu otec

Dcera 1 pootci 3 —6>1 0 0]
Dcera 2 po otci 5 0—0—6—=0>1
Dcera 3pootci0 ——1 0 0 0 0
01000

Z:O 0 001

01000

00100

00010

00010

0000 1
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BLUP — otcovsky model L'x @.JLHZ-J
m PRIKLAD 1
m Incidencni matice nahodného efektu otec

Dcera 1 pootci 3 —6>1 0 0
Dcera 2 po otci 5 0—0—6—=0>1
Dcera 3pootci0 ——1 0 0 0 0
01000
0 0001
/=
01000
O O 1 E== E-Ef;g;c;rénrr.zf;ce pro nadhodny efekt - otec ...
000 coo0o01
10000
O 0 0 01000
coo0o01
0 0O 01000
- 00100
00010
00010
0000 1}




X'y
Z'y

|

b
a

}l

X'z
'L +1a

XX = X"*X: print XX:
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BLUP — otcovsky model
m PRIKLAD 1

(1 0 0]

1 00

010
_ 40 1 0] - . iy e e
1100000000010 2 €0—6+— V 1. stade 2 jedinci

XX=001 1100000 00 1 0 3eb4+— V 2. stadé 3 jedinci

000001 111 1) | 070 5% ve 3.stadé 5 jedinca

0 01

0 01 .

Zadny jedinec neni zaroven
00 1] ve 2 stadech
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BLUP — otcovsky model
m PRIKLAD 1

X'Z=

o O -
o O -
o . O
o O
o B O
. O O
, O O

XZ = X"*2; print XZ;

, O O

. O O

HEZ

=
=
[ ]
L]

, O O

Otec 4 ma 2 dcery ve stadé 3

O O O O O o o —r o o

o O O O r Ok O o o

O O O kP O O O o o k=

O P b O O O O O O o

. O O O O B O O +— O

o 2 T

Otec 1 ma ve stadé 1 0 dcer

|

/

Otec 3 ma ve stadé 1 1 dceru

D«— Ve stadé 2 je:

00 1 0 1]
/\
1100 1
01121
- A_

1 dcera po otci 1
1 dcera po otci 2
1 dcera po otci 5
Otec 4 a 5 nemaji
Zadnou dceru ve
Stade 2
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BLUP — otcovsky model

v 7

m PRIKLAD 1

2 o
O O
o O
T O
— N
£ E
— N
O 0O
(O]
o O
_—— |
o o ™
o N o
N O O
N O o o
— O o o o
[
I 1
O 1 O O 4 O O © O «—i
O O O O O O O «+H «+H O
— O O O O O +4 O o o
O O O +H O +H O o o o
O O +H O O O ©O © O O
[ 1
O O O o
O O O +H o
O O O +H o L
O O +H o o M
O +H O o o =
s
5
O O O o o
O +H O o o q
N I
— O O O O Il
[N ]
O O o o N
o o +H o o
[l
N
N

00000

ﬂﬂﬂﬂﬂﬂ

ﬂﬂﬂﬂﬂﬂ

ﬂﬂﬂﬂﬂﬂ

00000




"
BLUP — otcovsky model

m PRIKLAD 1

Il
o o -
o o -
o - O
o - O
o Bk O

Xy = X "%y; print Xy;

XY

&300
9300
17000

. O O

. O O

_, O O

, O O

, O O

(4200 |

2700
3200
3100
3000
2900
2800
3800
4000

X'X Xz |b|
Z'X Z'Z+la|al| |Z'y

[ 6900
9300

Soucet uzitkovosti plemenic
ve stadé 1 je:
4200 + 2700 = 6900

3500 |

17000
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BLUP — otcovsky model Ef zﬁz.}[ﬂ%ﬂ
m PRIKLAD 1

4200
2700
- 43200 -
00100000O00O 3200
3100
0001010000 6000
3000
Zy=1 000001000 =| 7000
2900
0000000110 7800
0100100001 2800 9200 le— Soucet uzitkovosti dcer
- -|3800| - - otce 5 je:
| : | 4000 2700 + 3000 + 3500 = 9200
’ | 3500 |

Z¥

3200
&000
7000
7800
3200
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BLUP — otcovsky model {Z'x HLJ
m PRIKLAD 1

10000][19 000 0][2 000 0]
02000[|019 0 0 0|0 200 0 0
ZZ+la={0 0 2 0 0+/0 0 19 0 0|={0 0 21 0 O
00020[|[0 0 019 0|0 0 0 210
00003/ |00 0 019 |0 0 0 0 22

Z2Talfa = ZZ2 + Talfa; print ZZIalfa:

ZZIALFA

L I e Y s I o i
Lo I e s Y o |
[

Lo I e Y s s
L I o I o i

R
o O e e I o i
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BLUP — otcovsky model L-x 27 +1a H 2’y
m PRIKLAD 1
m Rovnice smiseného modelu;

200 0 0 1 0 175 [6900°
0301 1 0 0 1]|h| |9300
0050 1 1 2 1|p| |L7000
0102 0 0 0 0] |320
0110 200 0 0¢] |6000
1010 0 2L 0 0|s| |7000
0020 0 0 21 0]s,| |780
1110 0 0 0 22s | [9200
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BLUP — otcovsky model L'x Z'z+la}[aHz-y}

m PRIKLAD 1

L3 = (XX||XZ)//(ZX||ZZIalfa); print L3;

m  Rovnice smiseneho delu:

| RS = Xy//Zy: print RS;

200 0 0 1 0 176 [690]

{0301100152 9300
s b, | |17000
$,| | 6000

7000

s, | | 7000
5, | | 7800

|l T e o i o e
| T e Y o o Y O i
|l T e el = o
P2
L o e o Y O Y i
5]
L o T e Y S I S
[
L o T o e Y e T
Pl
L T e - e s Y e
2]
[ T T e e s Y S

11100 0 0 2 S, | | 9200 |
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BLUP — otcovsky model {Z'x Z'z+la}[aHZ'y}
m PRIKLAD 1
m Rovnice smiseného modelu:

- = -1

b| [200 0 0 1 0 1776900
b,/ |0 30 1 1 0 0 1]]9300
b,[ |0 05 0 1 1 2 1] 17000
s/ (0102 0 0 0 0320
/0011 0 21 0 0 0] 6000
| /101 0 0 20 0 0] 7000
| /002 0 0 0 21 0] 7800
| 1110 0 0 0 22f|9200)
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BLUP — otcovsky model X 2Z+la)a) |2y

m PRIKLAD 1
m /nverze matice LS ziskame matici C

| € = inv(L3): print C:

0.525130% 0.0087017 O0.010&42 -0.000435 -0.0005%Z1 -0_.025513 -0.001014 —-0_02474%5
0_.0087017 0_.3503582 0.0071587 -0.01752 -0.017027 -0_.000755 -0.000&882 -0_01lcc4B
0.010€42 0.0071587 0_.2145412 -0.000358 -0.010557 -0_0107Z2 -0.02043Z -0_.010581
-0.000435 -0.0175Z -0.000358 0.05087¢ 0.0008513 0.0000378 0.0000341 0.0008324
-0.000%21 -0.017027 -0.010557 0.0008513 0.0485%32Z6¢ 0.000546& 0.0010054 0.0012557
-0.025513 -0_000755 -0.010723 0.0000378 0.0005466 0.0439344¢6 0.0010212 0.001c814
-0.001014 -0_000&82 -0_.0Z0432 0.0000341 0.0010054 0_.001021Z 0.043585 0.0010058
-0.024743 -0_.016648 -0.0105€1 0.0008324 0.00125357 0.0016814 0.0010058 0.0478163

L I o e
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BLUP — otcovsky model {Z'x Z'z+la}[aHZ'y}
m PRIKLAD 1

m Vektor s odhadnutymi fixnimi efekty a
predpovezenymi nahodnymi efekty

T = CrRS; print T b, | [346414]
b, | |3118,45
b, | |339112
i s |_| 408
e s, | | -24:26
S | | 689
5, | | 4846
5 | | -3517 |
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BLUP — otcovsky model X 2Z+la)a) |2y

m PRIKLAD 1

m Diagonalni prvky inverze rovnic smiseneho
modelu

C
Cina 12

0.525130% 0.0087017 0O.010&42 -0.000435 -0.000%21 -0_.025513 -0.001014 -0_024745
0.0087017 0.3503%82 0.0071587 -0.01752 -0.017027 -0_.000755 -0.000&882 —-0_01cc4dB
0.010&842 0.0071587 0_21454123 -0_000358 -0_010557 -0_0107Z3 -0.020432 -0_0105&1
-0.000435 -0.01752 —0.000358(’5.050876 0.0008513 0.0000378 0.0000341 0.0008324 “\
-0.000521 -0.017027 -0.010557 0.0008513 0_0485%3Z¢ 0.00054&& 0.0010054 0.0012557
—-0.025512 -0_.000755 -0.010723% 0.0000378 0_.000546& 0.049344¢ 0.001021Z 0.001c814
=0.001014 -0_000&82 -0_.0Z0433 0.0000341 0_0010054 0_.0010Z12 0.043585 0_.0010058
-0.024743 -0_.016648 —-0.010561 0.0008324 0_0012557 0.0016514 0.0010058 0.0478163

Co1 \_ szj
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X'X Xz Tb| [Xy

BLUP — otcovsky model X 2Z+la)a) |2y

m PRIKLAD 1

m Diagonalni prvky inverze rovnic smiseného
modelu

C
c

0.525130% 0.0037017 0.010842 -0.000435 -0.000%21 -0.025513 -0.001014 -0.02474%

0.0087017 0.3503382 0.0071587 -0.01752 -0.017027 -0.000755 -0.000682 -0.016648

0.010842 0.0071587 0.2145412 -0.000358 -0.010557 -0.010723 -0.020432 -0.0105&1

-0.000435 -0.01752 -0.000358 | 0.050876|0.0008513 0.0000378 0.0000341 0.0008324

-0.000%21 -0.017027 -0.010557 0.0008513 [0.0458332¢6| 0.000546¢6 0.0010054 0.0012357 CDIAG

-0.02551% -0.000755 -0.010723 0.0000378 0.00004ce| 0.0405444 0.0010212 0.0016814

-0.001014 -0.000&82 -0.0Z043Z 0.0000341 0.0010054 'u-n'n'm"rﬂ Tle mﬂ.ﬂﬂlﬂﬂaa 0.050876

-0.02474% -0.016648 -0.010561 0.0008324 0.0012357 0.00165814 o ] ~TTTEIE 0.0433932¢6
0.043344¢
0.043565
0.04728163

C21 Csub = C[4:8,4:8]: C22

Cdiag = wecdiag(C=sub); print Cdiag; run;
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BLUP — otcovsky model {Z'x Z'z+la}[aHZ'y}
m PRIKLAD 1

m Predikovana chybova variance (PEV)
PEV =d.o%

m Standardni chyba predpovedi (SEP)
SEP =,/d.c”%

m  Spolehlivost p/’edpovédi2

O ¢

m  Presnost predpovedi




) X'X  X'Z Jb| [Xy
BLUP — otcovsky model {Z'x Z'Z+Ia}[aHz-y}
m PRIKLAD 1
m Standardni chyba predpovedi (SEP)

SEP = dlo-ze S#%... Standardni chyba predikce ...
SEP = ,/0,05876- 465500 = 153,89
SEP =,/0,04893- 465500 = 150,92 e
SEP =,/0,04934- 465500 =151,56
SEP = ,/0,04956 - 465500 =151,90 o160

SEP = ./0,04781-465500 =149,19
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) X'X  X'Z B_V'y}
BLUP — otcovsky model {Z'x Z'Z+Ia}la} 2’y
m PRIKLAD 1
m  Spolehlivost predpovedi

r’=1-d -«
r=1-0050876-19 = 0.033 c2 11 - Ctiagerase/vare: print 52
r =1-0,048933-19 = 0,070
r =1-0,049345.19 = 0,062
r =1-0,04956-19 = 0,058 e

0.0514505

r=1-0,047816-19=0,091
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) X'X  X'Z Jb| [Xy
BLUP — otcovsky model {Z'x Z'z+la}[aHZ'y}
m PRIKLAD 1
m  Presnost predpovedi

r=+Jr?

r — /0’033 — 0,183 r = sgrtc(r2): print. r;
r=,/0,070 =0,265 r
r=,40,062 =0,250 01826365

0.2651065

r=,/0,058 =0,241 0.2499063

r = /0,091 = 0,302 s o
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Priste:

BLUP ANIMAL MODEL ...



