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Paritavuskoefitsiendi
hindamisest
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Recurrence risk ratios
Correlations S

(1) Is there evidence of phenotypic
aggregation within families?

l Ys

Wariance components

Burton, P.R., Tobin, M.D. and Hopper, J.L. (2005).

Key concepts in genetic epidemiology. Lancet 366, 941-951.

N

(2) Is the pattem of aggregation
consistent with an effect of

genes?
l Yes

Segregation analysis

(3)Is there evidence of a gene with a
substantial enough effect to justify
expensive studies to attempt to

identify it?
l Yes

Linkage analysis

(4) Where in the genome is a causative
gene most likely to lie?

I

Association analysis
Linkage disequilibrium £ - - -
mapping

Haplotype analysis

(5) Can we be more precise about
its position?
Is there a causative polymorphism?
Is there an identifiable haplotype block?

I

Gene expression
microarrays S
Proteomics

(6) Does the polymorphism affect mRNA?
Inwhich tissues is mRNA expressed?

Is there an effect on the protein product?

X

Epidemio-
loogias,
aretuses,

Possibly consider
anew problem

Vanem-
populatsioon

Jarglas-
populatsicon

determinants of complex disease

Figure 1: Framework outlining systematic approach to identification and characterisation of genetic

*Itis probably illogical to stop trying to identify genetic determinants of disease simply because segregation
analysis fails to provide significant evidence of major gene.
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Geneetiline mudel

Fenotiilip = Genotiitlp + Keskkond
P=P+G+E
var(P) = var(G) + var(£) + 2 cov(GE)

G=A+D+ ..

var(G) = var(4) + var(D) + ...

G - genotiilibiefekt, £- keskkonnaefekt, 4 -aretusvaartus, D - dominantsiefekt

A=A+ YA, + MS
var(A4) = Yavar(Ay) + Yavar(A4,) + var(MS)
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Definitsioon

Péritavus (paritavuskoefitsient; heritability) on indiviidide-
vahelise geneetilise erinevusega seletatav osa populatsiooni
tildisest fenotiiiibilisest varieeruvusest.

I =var(G) / var(P)

(paritavus laiemas mottes peegeldab kogu voimalikku geneetilist moju)

I =var(A) / var(P)

(paritavus kitsamas méttes mdddab iiksnes
alleelide aditiivsest toimest tingitud varieeruvuse osakaalu)

A=W xP
(bp,, 4= cov(A4,P) [ var(P) = var(4) / var(P) = h?)
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Tahistus

Tahistused Aja A? tulenevad
Sewall Wright'i to6dest.

r(BG) = h
(korrelatsioon fenotiiiibi- ja
genotiilibivaartuste vahel)

Ui el = = 0 5

(korrelatsioon pooldvede
fenotiiiibivaartuste vahel)

Kasutusel on ka A2 ja /2,
(paritavus laiemas mottes)

| {0 T T | 100 [ AN | I Y {1 T AN | 11 VN | 1 {110 AN | 1 T Pl [
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Omadused

o Et 0 <var(4) <var(G) <var(P), siis 0< > < F,< 1.

a Paritavuskoefitsient nditab tunnuse geneetilise muutlikkuse osa
antud geneetilise struktuuriga populatsioonis konkreetsetes
keskkonnatingimustes.

a Paritavuskoefitsient ei
ndita tunnuse pariliku
tingituse maara ega
mehhanismi tiksik-
indiviidide arengus.
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Eeldused

a Matemaatilised/epidemioloogilised eeldused,
(kasutatava statistilise mudeli vastavus andmetele):

» koik kasutatavad andmed on usaldusvaadrsed ja nende
struktuur vastavab sobitatavale mudelile;

 vaatlused on séltumatud (tinglikustatult mudeli liikmete
suhtes);

* uuritavate tunnuste ja hinnatavate efektide jaotused on
korrektsed.

a Bioloogilised (geneetilised) eeldused:
* kehtib Hardy-Weinbergi seadus;
* rakendatav geneetiline mudel on korrektne
(keskkond ja genotiilip on sdltumatud jmt);
* registreeritud ja kasutatavad sugulussidemed on tdielikud

ja korrektsed;
| 1 NN 'ml,llllll' ] | HIm 1 NEWE (I I [T | 1 Y MM AN | 0T (I [
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Keskkonna ja genotiiiibi :
soltumatus 4l 7
Oletame lihtsuse mottes, et 4 o
var(G) = var(£) = o
Siis keskkonna ja genotiiiibi - |
soltumatuse korral 65=-08
cov(GE) =0,
var(P) = var(G) + var(E)
+ 2 cov(GE) =207
ja B2,= . rfea=-os
Keskkonna ja genotiiiibi feer-04
soltuvuse korral aga N YA , m;imz 7
H,= 2/ 2[c*+ cov(GE)] o Z
=1/[2(1+ rgp)], - ras1
sest COV(G,E) =TI o2 o O s s ae em e e s O
]
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Hindamismeetodid ’ ?

Kaks peamist koolkonda

a Regressioon- ja korrelatsioonanaliiiis

(Sewall Wright, Jay Laurence Lush;
rajakoefitsientide meetod, selektsiooniindeksid)

Idee: sugulased on omavahel sarnasemad!
1P =by,y| 2fyy VOI P = Iy [ 264y

a Dispersioonanaluits ja segamudelid
(Sir Ronald Aylmer Fisher;
dispersioonikomponendid,
intraklasskorrelatsioonikordaja)

Idee: sugulased erinevad iiksteisest vihem!
W =t] 26y, t= 0}/ (0h+ 0y)
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Selektsioonieksperimendid

Selektsiooniefekti (R) ja selektsioonidiferentsi () suhe annab

realiseerunud e efektiivse paritavuse: 2 DT R
B, 7 5
RE="h2 "% S PP
Vanem- \

populatsioon

P Pr

Vanem-
populatsioon

Jarglas-
populatsioon

Jarglas-
populatsioon

R
Valikuedu ja selektsioonidiferents
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Statistiline mudel vs geneetiline mudel

Statistiline mudel Geneetiline mudel
(observational components) (causal components)
e o T var(A); var(G); var(£y); ...
U U
hZ; ... Vi i

Vaja, et mdista hinnatud paritavuskoefitsiendi olemust,
ning et hinnata/kahtlustada/ ...

o dominantsiefekti,

a piisivat keskkonnamoju,

a emapoolset geneetilist efekti,

o imprintingut,

a epigeneetilist paritavust,

L=
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Indiviidide vaheline sugulus

Indiviidide vaheline suguluskoefitsient (coancestry, kinship
coefficient, ...) on tdendosus, et ithe indiviidi juhuslikult valitud
lookusest juhuslikult valitud alleel on péritolult identne (/BD)
teise indiviidi vastavast lookusest juhuslikult valitud alleeliga.

11 12 13 2o

O i @) DI O DI O
[TER TR ? I
IBS=2 IBS=1 IBS=2
IED=2 IBD=0 IBD=0vi 2

Olgu indiviidid Xja Y genotitipidega 4,4, ning A, 4,.
fyy= P(2 juhuslikult valitud alleeli on /BD)
=X,,P(4;= 4;| juhuslikult valitud alleelid on 4;ja 4)
X P(juhuslikult valiti alleelid 4;ja 4))
=Y [P(4,=4,) + P(4,=4,) + P(4,=4,) + P(4,=4))]
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Indiviidide vaheline sugulus D;I;O
Olgu X ja ¥ taiséved (FS). Siis X Y
A4, A/1A/2
fyy=P(2 juhuslikult valitud alleeli on IBD)
=% [P(Ay=A4y) + P(4n=4,) + P(4,54,) + P(4,=4,)] = Y
Sugulusaste Suguluskoefitsient
f (voi @, Yor; ...)
Indiviid ise Y
Uhemunarakukaksikud (M2) )
Taisoved (FS) Ya
Pooloved (HS) Ys
Vanem ja jarglane (PO) Ya
Vanavanem ja lapselaps Ys
AN 11T ONNTNNN 7 10 VNN  1 NN 1 10 TN NI 1 10 NN 1 10 I 110 VNN 1 1 O
(LB (L0 I || 1 U O | Y || 1 | | 1 Y || 1D |1 || 100 |

Indiviidide vaheline geneetiline kovariatsioon

Olgu indiviidid Xja ¥'genotutpidega 4,4, ning 4, 4.

Tahistagu a,, a,, ayjaap alleeli- ning d; , ja ah 2 dominantsiefekte
Gy=ay +ap,+ dy, ja Gy= ata,+ 0;1/2

cov( Gy Gy) = cov(a,,a,) + cov(a,,ay) + cov(a,,dy )
+ cov(ap,ay) + cov(ap,a,) + cov(ay,d; )
+ cov(dy p,dy) + cov(dy p,ap) + COV(dy ,dy o)

cov(ad) =0;
_ {0, kuix £ y (=IBD)
cov(ax, ay) = {var(A) /2, kuix =y (IBD) ’
sest var(4) = var(a,;+a,) = 2var(a,;), mistdttu var(a,;) = cov(a,,a,) = var(4)/2

co (d d ) = {0' kui xy # wz (modlemad alleelid —=I/BD)
W e S var(D), kuixy = wz (mdlemad alleelid IBD)
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Indiviidide vaheline geneetiline kovariatsioon

Olgu X ja Y genotiiibivairtustega D;I;O
Gy=ayg+as+dy, jaGy=a;+a,+d, X H
we o~ A1‘1A12 A/lA/Z
taisoved (FS).

Siis on voimalikud kolm varianti:

Variant Tdendosus cov(GyGy)
#IBD =0 Ya 0

#IBD =1 Y2 var(4) /2
#IBD = 2 Ya var(4) + var(D)

cov(GyGy) =2 X var(A)/2 + % X [var(A) + var(D)]
=1, X var(4) + Y4 X var(D)

I 11 I T {1 [ AN |1 O T {1 11T T (AN | 1010 I 1 T | 1 [
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Indiviidide vaheline geneetiline kovariatsioon

Uldine valem:

cov( Gy Gy) = 2fyyvar(A) + gyyvar(D)

Sugulusaste Ly Exy cov(GyGy)

(V01 @y ...) (VOI Ay ...)
Indiviid ise Y 1 var(4) + var(D)
Uhem. kaksikud ¥ 1 var(A4) + var(D)
Taisoved Ya Ya ¥, var(A) + % var(D)
Pooldved s 0 Ya var(A)
Vanem ja jarglane Ya 0 ¥ var(A4)
V.vanem ja l.laps s 0 Ya var(A)
Abikaasad 0 0 0
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Vanemate-jarglaste vaheline regressioon

Jarglane ja iiks vanem:

=B bp_)o

cov(Pp,Pp) Yhvar(A4) 1402 2
= =] = =,
bp-o var(Pp) var(P) v2h h
e cov(Pp,Pg) __ Yvar(4)
Tpo

= Jvar(Pp)xvar(Po) ~ var(P)

Jarglane ja vanemate keskmine:

= 1%h?% kui var(5p) = var(/#)

M =1

cov(Pp,Pg) Ysvar(A) .
bp_o = var(l;ls)o =T 2 = |h? = bp_o) kui var(By,) = var(5y)
- cov(Pp,Po) _ Yvar(d) _ g72 .
iEY = Jvar(Pg)xvar(Pg) ~ V%var(P) VIh?, ki .
Jarglaste keskmine ja liks vanem:
_ __ cov(Pp,Pg) _ Yvar(4) _ 2 2 _ _
bpo5 = arem . = vary = 72h° = | =2Xbpg
T cov(Pp,Pg) __ Yvar(4) Kui
PO — JJvar(Pp)xvar(Pg) - J1/nvar(p) —
| {0 T T | [0 [ AN | I Y {1 T AN | 11 VN | 1 {110 AN | 1 I Pl [
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Ovede vaheline korrelatsioon
Pooldved:
" cov(HS) __ Ywar(4) _ 1/ 12 2
Vi = Jvar(P)xvar(P) e var(P) = Y%h® "Hs
Tais6ved (=kahemunarakukaksikud):
o e cov(FS) __ Yevar(A)+Yvar(D)+var(Ec) L2
rFS(_ rDZ) i var(P)xvar(P) = var(P) = zh
Uhemunarakukaksikud:
a cov(MZ) __var(G)+var(Ec) 2
"Mz = Jvar(P)xvar(P) var(P) 2 hiy
Kaksikute uuringuis:
ar(G)
W= zar(,,) ~ 2(rvz = Tpz)
2 _ var(Ec) . -
= 2rpz — vz
| {0 T T | 100 [ AN | I Y {1 T AN | 11 VN | 1 {110 AN | 1 I Pl [
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Sir Francis Galton‘i (1889) uuring esitamaks
jarglaste pikkust (928 indiviidi) vanemate
keskmise pikkuse kaudu (205 vanempaari).

Wikipedia

Regressioonikordaja on alati < 1,

st et jarglaste fenotulp on keskmiselt
populatsiooni keskmisele lahemal
(vorreldes vanemate fenotiitibiga).

Regression — tagasilangus, regressioon

I 11 I T {1 [ AN |1 O T {1 11T T [ ETM |

Vanemate-jarglaste vaheline regressioon

HEIGHT OF OFFSPRING (IN)

M 1T 1T | | |

" 65 o
AVERAGE HEIGHT OF PARENTS {IN)

IR | WEWCE 1 mewre s
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Vanemate-jarglaste vaheline regressioon

Naide. Uurimisobjekt: vosavaksik; uuritav tunnus: nuku mass.

M 1T 1T | | |

100 4
90
F1—->F, /12 80
(S+D)/2->0 0,433 Ly
S-0 0,581 £
D-0 0,449 >
(S+D)/2 > 0n 0,322 N
S— Om 0,472 2050
D> O 0,346
(S+D)/2->0¢ 0,569
S—0Of 0,721
D > Oy 0,559

S - sire (isa), D - dam (ema),
0,, - male offspring (isane jarglane),
O¢ - female offspring (emane jarglane)

I 11 I T {1 [ AN |1 O T {1 11T T [ ETM |

Mid-parent (F)

IR | WEWCE 1 mewre s
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_ ales

Females

" Lipop 07

S Smoking <no. cig/day> (

8 Acohol use <yesinos (

% HDL-cholesterol (44

= LDL-cholesterol (44 [ ji==scl]

% Ri rate (4

B Sports participation ( u L ]

g Heart rate (17) E————— =

5 T a7

3 Smoking <yes/no> (

= Birth weight (C

[ Problem behaviour (

Problem behaviour <i (
Thrill and adventure seeking (

a Disinhibition (’

b ( e ———

=y Expefience seeking (‘

3 Anxiety ( =]

5 Depression ( e

i Boredom suscepibility ( = . |

Cognitive falures. (17) I ———

§ Somatic complaints (13) ]

2 Religion [

£ Inteligence

2 Intefligence (7

© Intelligence

(
Inteligence (
L @7
-~ 0 20 40 60 80 100 0 20 40 60 80 100
..::s g % g o~ Percentage of variance
7} 8 E = g Q| Figure 2 | Examples of results from classical twin analysis. Percentage of variances explained by genetic factors (purple), by
C:QS ~ ¥ = g N | shared envionmental factors (green). by unique environmental influences (beige) and by differences in age (blue). The phenotypes
~ = E g g [0,\3 were assessed in Dutch female and male twins (and in some cases also in their parents and siblings). The number in the brackets
A = E @ @ x| gives the modal age of the sample in years. Phenotypes include cardiovascular risk factors, and persenality and cognitive traits. The
g g — § © : heritability for a behavioural as well as cardiovascular risk factor, such as the number of cigarettes smoked per day, is nearly as high
@ 8 S = % | asforlipoprotein(a) levels. For personality traits and indices of psychopathology. heritability is ~50%, with a higher estimate for
E ) 7N rq‘ internalizing and externalizing problems in young children. Hemabln.yafinte\ligencelsagedependentand|ncreasesrap»dlybe!ween
8 A % Q g 5and 18 years of age. There are few differences in heritability between females and males. HDL, high-density lipoprotein; LDL, low-
m < O = = density lipoprotein. Modified with permission from REF. 23 © (1999) Australian Academic Press.
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Pooldvede dispersioonanaliiiis

’ 2 2 2
V., =X,B+s,+e, 0°=0>+07, SN TN
ij ij i i y s e
: % 9% % % 9% %
Et tihelt poolt
cov(y ;) =cov(HS)=7var(4)
ja teiselt poolt
2
\% s V.)=cov(s.+e.,s . +e.)=cov(s.;s. )=
co («VJ,'«VJ, )=cov(s, EHSTRRle )=cov(s;s,)=0.
s = . 2 Sl
siis jarelikult o¢ = Yavar(4),
21
o = 3var(A) + var(D) + -+ + var(E)
ja
2 4 2 2 2
h” =40
s /\O, +0,
s €
s ——
= 1 1
Py=P+;A; +54, +MS;+D;+...+E;
—1 1 1
var(P) = var(4)+-var(4)+;var(4)+var(D)+...+var(£)
—
o o
IR 1 ey g AN | | 0T 1 I JANNN 1 0 T | O | 1 1 | ey s
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Taisovede dispersioonanaliiiis
yUk—XukB+s il i €

O' =O'+O' +O'
v s d e

o =cov(HS) =1var(4)

&

S}

c,=0,~ cov(FS) =1var(4)+2var(D)+var(£)
%var(A)+ivar(D)+var(Ec)

c,=0,-0.-0.

= cov(FS) —cov(HS) = var(A4) + var(D)+var(£,)

Seega
e 2 2 ) )
W =40’ /(c? + 0% +0?)
h2S2(02+0'§)/(0'2+c7§+c72)
_0—52)/ , kui var(p)=0; d2—4 o-d /0' kui var(E,)=0; ...
| {0 T T | 100 [ AN | I Y {1 T AN | 11 VN | 1 {110 AN | 1 I Pl [
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Taisovede dispersioonanaliiiis

Naide. Uurimisobjekt: vosavaksik; uuritav tunnus: nuku mass.

Covar iance Parameter Estimates

Standard
Cov Parm Estinate Error Value Pr 2

izaF 1 5.1016 3.1779 1.61 0.0542
Nl R R S
Miletatavasti:
Fi—>F Vs
2 i 2 7 2 2 1 2
h —405/(0'5 +0; +07) (5+D)/2—>0 0433
=4x5,10/(5,10+10,83+43,35)=0,344 5-0 0,581
D0 0,449
Bl o R (S+D)/2 > Om 0,322
d _4(Gd_0 /G S—On 0,472

=4x(10,83-5,10)/(5,10+10,83+43,35) __D=0y 0,346
- y (S+D)/2 - O¢ 0,569
=0,387 237 S— 0 0,721
R D — Of 0,559
S - sire(isa), D - dam (ema),
0,, - male offspring (isane jarglane),
O; - female offspring (emane jarglane)
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Looma mudel

Geneetiline mudel

Statistiline mudel

P=P+A+E,
Naide: €)) v [2] = 3)
U ©
(6)

v, =XB+a +e,
25 2 2
o, =0, +0,

(aj Ac: 0
var = 2
e 0 I,0

Maatriks A
(aditiivgeneetilise suguluse maatriks)

1 0 0 0.5 0 0.25 PN !
* omab iiht rida ja iiht veergu iga
0 1 0 0.5 0.5 0.5 sugupuus sisalduva indiviidi tarvis;
0 0 1 0 0.5 0.25 ; . s
A= * elemendid on aditiivgeneetilise
05 05 0 1 0.25 0.625 suguluse kordajad (2£;,) + inbriiding
0 05 05 025 1 0625
0.25 0.5 0.25 0.625 0.625 1.125 hzzgj/o-}zj
I 11070 I 10T TN S 1 M | 1 117 17 100100 I 11 I 1T T 10T Al
L L LI (N || 10 [ S R || | | 0010 | 0100 || I || U | 0 | |

Maternaalse efektiga looma mudel

Geneetiline mudel

Statistiline mudel

i :xiB+ai+m/.+ck+el.jk
y=XB+Za+Wm+Sc+e
o’ =0’+0’ +20 +0’+0°
Y a m am @ (s

Ao’ Ao, 0 O

a
o : 2_ g2 /g2 Ac,, Ao, 0 0
Paritavus: h"=o, / o, - am m ,
Maternaalne ¢ 0 0 Lo, O
g ] J—) == e 2
paritavus: |m" =0, / o, 0 0 0 I,0;
Piisiva keskkonnamadju Otsese ja maternaalse geneetilise
osakaal: =i / o’  efekti vaheline korrelatsioon:
‘ 7 ’ 2 2
ram:aam/ O-a 'O-m
I NN 1 NEWE | | NNl 1 NEWCE | TN T I T 17 1 I 17 T [TT TR TN | ]
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Geneetiliste
parameetrite
hinnangud soltuvalt
pélvhemisandmete
hulgast

Naide.
Eesti mustapealiste lammaste
analiiiis (2006)

1886 looma
(liksnes vanemad ja vana-
vanemad;

inbriidsete loomade arv - 116)

2451 looma (koik teadaolevad ‘
esivanemad; inbriidsete
loomade arv - 636) | _~

| 1 NRWE 1 mRie I (|
[T I 1T T 1 ™ WET T TN | U | | VA0 | | 6V OO || VI I T M =
Geneetiliste parameetrite hinnangud séltuvalt
mudelist ja pélvhemisandmete hulgast
Eesti mustapealiste lammaste v6drutusmass. Mudel: V', = XB+a, +tm +c te,
P6lvnemis- Hinnatud geneetilised parameetrid
andmed 6'92 R e . pe
Mudel 1 isad 48,67 0,256 - - -
Mudel 2 isad+emad 44,82 0,274 - - -
Mudel 3 <2 43,03 0,162 - - -
Mudel 4 eellasgen. 4167 0,118 - - 0,065
Mudel 5 41,74 0,139 0,043 0,446 -
Mudel 6 41,30 0,127 0,012 0922 0,048
Mudel 7 <12 43,00 0,165 - - -
Mudel8 eellasgen. 4162 0,129 - - 0,066
Mudel 9 41,97 0,125 0,055 0,087 -
Mudel 10 41,66 0,118 0,024 0,260 0,041
AN 17N 10 ST T N 1T TN U 1 10 T 11 1 A 11 I 1 1 11
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2 2
O +0
s L B
QeTL 2 2 2
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Fischer TM, Gilmour AR, van der
Werf JH. Computing approximate 0.1 4
standard errors for genetic o
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Genet Sel Evol. 2004 May-Jun; Figure 2. Heritability estimates of weight over time + standard errors from random
36(3):363-9. regression (continuous line) and univariate (discrete lines) analysis.
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a, =a,+a,xt, cov(a,,a,)
=cov(a, +a,t,a, +a,s)

=var(a,)+tcov(a,,a,)+scov(a,,a, )+stvar(a,)
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Days i itk Figure 2. Genetic correlations (r,) between test-day milk yields
on one test day (TDy) and another test day (TD;) using a 4 order
Figure 1. Heritability (h%) for milk (m), fat (f), and protein (p) Legendre polynomial on 8075 Holstein cows (Modified from Jakob-
yield as a function of DIM. Third (L3) and fourth (L4) order Legendre 5% 2000).
polynomials and a function proposed by Lidauer and Mantysaari
(1999) (LM) functions were fitted in an animal model for milk and

protein, and the LM and the Wilmink function were fitted for fat Jensen J. Genetic evaluation of dairy cattle using test-
(Modified from Jakobsen, 2000). day models. / Dairy Sci. 2001 Dec; 84(12):2803-12.
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Model Desoription {for symretris matrices only wpper trisngalar block is showr)
M1 Al 10D sbserved individuals unrelsted Var(a) = o’k

Geneetiliste S5 5 it e

_ (G D
half sibs, 75 ate Vand) = o 5y, | whets

I'\
parameetrite b Aﬁ% [t

s G, =
notundst study. ————

hinnangute tapsus T

full-sibs, 75 are #
A lt lt uarclated. Parents |
Soltuva of full-sibs are

not under study.

Vo= %) O where

sugulussidemete Tyt et e ¢
sibis are crossed to produce vm,):.;-‘[ [} D}_whexe
tugevusest o s |\ N

widuals — 1 grandparent, 2

I 11“83532258?25
parents and 2 offsprings); Y ‘ G.= 1 0625 0625
the other 90 individuals are 1125 0625
unselated ) 1123
. 3 n M52 unrelated individuals crassed 10050505 05
Var(dszae) x10 to produce 2 offspring who ate 1050505 05
z 7 < 3 censsed o produce 2 offspring | 105075035
h =08 h =025 h =001 ste; 1008 individual has in- S Varm=al 1 075.-075
Y = bresding coefficient squal to 7 125 -1
5.0503 0.3591 0.2061 0.99596 F | 99596
4 R
4.4824 0.3502 0.2060 M6 1 offepring of unselated individuals and :
cc < hevihis 99 identical clones (thus, the additive Vara) = 2
3.5541 0.3372 0.2059 genctic selationship between al individuals = e
PP -, . eqquats o 1 but there is no inbreeding). Par-
4.2435 0.3542 0.2061 ents of the first individual are not under
. study, they are used fust to have the correct
0.2534 0.2131 0.2027 genetic relationships.

0.2020 0.2020 0.2020 BT T affepring of genetically idertical (pars |

_ line) individuals and hesfhis 99 identical [
0.2038 0.1995 (0.2020 slones (thus the additive genetic relstionship |
. between individuals and the inbresding both
equal to 1), Parents of the first individual are
not under study, they are used just to have
the correct genetic relationships
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Paritavuskoefitsiendi vaartus soltuvalt
kasutatavast mudelist
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Genotiiiibi-keskkonna interaktsioon
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