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The numerator relationship matrix A

m Coancestry / kinship coefficient = frakcja alleli identycznych przez pochodzenie
(identical by descent; IBD) miedzy para osobnikow

m Additive genetic relationship coefficient / wspotczynnik spokrewnienia

m Numerator relationship matirx / macierz spokrewnien addytywnie genetycznych / A




Model bazowy = hodowlany =» notacja skalarna

m fenotyp = Srodowisko + efekt addytywnie genetyczny + btad

m y,;=Btate;

m y; Wwydajnosc j osobnika i

m [ efekt Srodowiskowy osobnika i np. pte¢, rok urodzenia, stado

m q;wartos¢ hodowlana osobnika i = suma efektow addytywnych wszystkich genow

m ¢;sumaryczny efekt innych czynnikow srodowiskowych oraz czynnikow genetycznych
nieaddytywnych warunkujacych wydajnosc¢ j osobnika i




Model bazowy = hodowlany =» notacja skalarna

yi; = B; + ai + ei;

y=Xp+Za+e

y ~N(0,Voy) « V=2ZGZ" +R
e ~N(0, Io2) + R=1I0

a ~N(0, Ac2) G =Ao;




The numerator relationship matrix A

A

m Kwadratowa, symetryczna

m Elementy przekatnej (aii)
- 1+F
- F; wspotczynnik inbredu osobnika ,,i”

- prawdopodobienstwo, ze 2 losowo wybrane geny osobnika ,i” beda miaty allele
identyczne przez pochodzenie




The numerator relationship matrix A

A

m HKwadratowa, symetryczna

m Elementy poza-przekatne (a;)

— licznik (numerator) wspotczynnika spokrewnienia pomiedzy osobnikiem ,i”, a
osobnikiem ,j”

- wspofczynnik spokrewnienia (Wright 1922), korelacja pomiedzy wartoSciami
hodowlanymi osobnikow i, j

cov(apaj)  ay




The numerator relationship matrix A

Aaczl

Macierz kowariancji pomiedzy wartosciami hodowlanymi osobnikow




The numerator relationship matrix A

m Tworzenie macierzy A na podstawie pliku z pochodzeniem osobnikow (Henderson
1976)
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The numerator relationsip matrix A

Ji

ji

(lj i

Tworzenie macierzy A na podstawie pliku z
pochodzeniem osobnikow (Henderson 1976)

1. Posortowac osobniki rosngaco wg roku urodzenia

2. Oblicza¢ elementy macierzy A rozpoczynajac od
najstarszego osobnika

=a;; = 0.5+ (a;5 + a;4); a; = 1+ 0.5 ay, (oboje rodzice znani)
= a,] = 0.5 (ajs), a;; = 1 (jeden rodzic nieznany)
= a;; = 0; a; = 1 (oboje rodzice nieznani)



The numerator relationship matrix A

Table 2.1. Pedigree for six animals.

1 2 3 4 5 6
Calf Sire Dam
1 1.00 0.0 0.50 0.50 0.50 0.25
3 1 2 2 0.00 1.0 0.50 0.00 0.25 0.625
4 1 Unknown 3 0.50 0.50 1.00 0.25 0.625 0.563
5 4 3 4 0.50 0.00 0.25 1.00 0.625 0.313
5 0.50 0.25 0.625 0.625 1.125 0.688
6 5 3 6 0.25 0.625 0.563 0.313 0.688 1.125
[ | = 1 812 a21 = O 613 a31 O 5(a11+a12) = O 5(1+O) O 5
[ | = 1 a23 a32 O 5(821+a22) = O 5(0+1) O 5
|
m az;=1;a3,=a,;=0.5(az tas,) = 0.5(0.5+0)=0.25
... a;; = =0.5- (a +a d) a; =1+ 0.5-a,, (oboje rodzice znani)
aj; = a,J =05 (ajs); a; =1 (Jeden rodzic nieznany)

B ag= 1+0.5(a) = 1+0.5(0.25)=1.125 "

i = a;; = 0; a; = 1 (oboje rodzice nieznani)




Dekompozycja macierzy A
A=TDTT (Thompson 1977)
Dekompozycja stuzy do odwrocenia macierzy A
T macierz trojkatna zawiera wspotczynniki spokrewnienia par osobnikow
i — 1
i; = 0.5 (tﬂ- + tdj-) (oboje rodzice znani)

t
[ .
t;; = 0.5 (tﬂ-) (jeden rodzic nieznany)
t;; = 0 (oboje rodzice nieznani)




Dekompozycja macierzy A
A=TDT" (Thompson 1977)

D macierz diagonalna

d;; = 0.5—0.25:(F, + F;) (obhoje rodzice znani)
d;; = 0.75 — 0.25 : (F,) (jeden rodzic nieznany)
d;; = 1 (oboje rodzice nieznani)

F;,=05-a.




Odwrotnos¢ macierzy A

s Al

= model mieszany

= predyktor BLUP (Best Linear Unbiased Predictor)

= rozwiazanie uktadu rownan modelu mieszanego MME (Mixed Model Equations)

= obliczenie A1 jest szybsze niz A

= tworzenie i odwracanie macierzy A dla duzych zbiorow danych niemozliwe
obliczeniowo

= Henderson (1976) = bezposrednie stworzenie macierzy Al




Odwrotnos¢ macierzy A

. Al=(T-1)TDT4
° Di1=1/d;
> Ti=1-M

. M macierz opisujaca spokrewnienie w obrebie jednego pokolenia: dzieci-rodzice =
kazdy wiersz zawiera 0.5 w kolumnach rodzicow

00 00 00 00 0O 00
00 00 00O 00 00O 00
05 05 00 00 00O 00
05 00 00 00 00 00
00 00 05 05 00 00
00 05 00 00 05 00

(I) (M)

T1=

o O = O O O
c =0 O O O
= o O QO QO O

o O O O QO =
o O O O = O
oo O = O O
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3.4. Henderson's Method

Using the concepts of Cholesky decomposition, A can be written as A = LL’, where L is a lower triangle matrix with
non-zero diagonal elements. Henderson (1975b) introduced a method for deriving L indirectly to calculate A. If the

definition of s and d change from sire and dam of j to parents of j, where s<d, calculation of L. can be formulated as:
1.L=1
2. If only one parent (e.g., s) is known:
a. Lyll <s = Lsi/2
s 2 %
b. ij = (1 - Zz’:l Lz’j)

3. If both parents are known:

a. Lijji < s = (Lsi+Lg;) /2
b. Lij|s<i <d*= Ldi/2

c. Lj; = (1 + % > iz LsiLai — D5 ng)g

Calculation of L is coded in R function getLp (Data Availability Statement), and it requires a pedigree data frame as

input.



Software

3.2. Thompson's Method

Applying the LDL factorization, A = TDT', where T is a lower triangle matrix, and D is a diagonal matrix. In this
method (Thompson, 1977), T and D matrices required to calculate A are derived indirectly (i.e., no direct factorization
or decomposition). For individual j, off-diagonal elements that were initialized with o are changed to Tj; = (T+Ty;)/2 1f

both parents s and d are known, and to Tj; = T;/2 if one parent (e.g., s) is known. The diagonal elements of D that were

initiated with 1 chan = (2=F.<F;)/4 if both parents are known, and to D;; = (¢ )/ 4 if one parent (e.g.

known. This method is coded in R function TDTp (Data Availability Statement). This function requires the pedigree

data frame and a corresponding vector of inbreeding coefficients as input.

Data Availability Statement

The data, scripts and functions that support the findings of this study are openly available in the figshare repository
https://doi.org/10.6084/mg.figshare.13497939.
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Abstract

We present the generalized numerator relationship matrix (GNRM) algorithm and Numericware N
as a software tool for calculating the numerator relationship matrix (NRM). The GNRM algorithm




Software

Package ‘pedigree’

February 20, 2015
Type Package
Title Pedigree functions
Version 1.4
Date 2012-11-27
Depends Matrix, HaploSim (>= 1.8.4), reshape
Description Pedigree related functions
License GPL (>=2)
Author Albart Cosier [aut, cre|
Maintainer Albart Coster <albart@dairyconsult.nl>
Repository CRAN
Date/TPublication 2013-11-03 18:33:22

NeedsCompilation yes

R topics documented:

blup

caleGy

calelnbreeding

countGen

orderPed

trimPed



Software

]
INRAZ égm z 'fTCQh universite

PARIS-SACLAY

Who are we? Our Research Teat

A Welcome - Support & Expertise +* Software * Pedig

Pedig — software for the analysis of genealogies of large
populations

Pedlg Is a Fortran application specifically developed for the analysis of large populations

April 26th 2020

GRain2.2: this version remplaces GRain1.0 and fixes a bug described in Doekes et al, 2020 (see paper in Publications

directory) - Author: Ino Curik et al.
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