


Exercise	platform,	w02





Applied
Statistics

for	both	courses





Bachelor	Statistics:	Multiple	Linear	Regression	(MLR)
Applied	Statistics:	Aim:	Further	develop	the	concepts	started	in	MLR

Parameter	estimation

Assumption:	Population	of	livestock	animals.	From	animals	of	this
population,	we	have	a	dataset	of	observations,	and	genomic	information

Methods	2,	3	and	4	are	solving	problems	found	with	method	1



Ex:	Corona	Pandemic:
Goverments:	Develop	measures	and	rules	of	behavior
based	on	the	number	of	infections,	R-value	which	the	
reproduction	number



Swiss	TV	(SRF):	10	vor	10	in	2019



traditional	or	"pre-genomic"	era	(before	2006)
==>	breeding	values	are	predicted	only	based
on	phenotypic	information	and	pedigree	data



After	birth	of	a	calf,	lactation	starts

3	times	a	year:
April,	August,	Dec



Use	genomic	selection	to	save	about	90%	of
the	total	costs	of	cattle	breeding	program



Tradtional	breeding	programs	in	dairy	cattle:
-		selection	of	bulls	is	based	on	evaluation	of	daughter	performance	
-	most	important	traits	can	only	be	observed	in	cows

time
bull	calf	is	born first	semen used	on

heifers
first	offpring	of	bull
born

first	performance
of	offspring

5-7	years

Progeny	tests	of	bulls:	start	with	300-400	bulls	in	test,	kept	15-20



Breeding	program	with	Genomic	Selection

timebirth	of	bull

Hair	sample	and	is	analysed	for
SNP	in	the	lab

Genomic	breeding	value	3-6
months	after	birth
==>	first	selection	of	bull

Cost	saving:	Reduction	of	time	until	the	first	selection	decision	from	7	years	to	6
months.

tradition	selection	with
fewer	bulls



fixed	position

population

in	cattle:	20-30	Mio	SNP,	with	a	total
genome	size	of	3	Billion	Bp

Single	Nucleotide	Polymorphisms



Quantitative	Trait	Locus,	with	unknown	positions

important	for	the	level	of	a	given	trait

close

association
between
QTL	allel
and	SNP-
allel



SNP1

QTL

SNP2







Monogenic	Model	with	parameter	a	and	d



Animal	i	as	parent

offspring mean	genotypic	value

population
mean

breeding
value



Mono-genic	Breeding	Value	and	Direct	Genomic	Breeding	Value

*	Breeding	Value:	Mono-genic,	that	means	single	locus
G1G1=
G1G2=
G2G2=

*	Direct	Genomic	Breeding	Value:	Sum	of	marker	effects

p,	q	are	allele	frequencies
f(G1)	=	p,	f(G2)	=	q
Assume,	d	=	0	==>	\alpha	=	a

Marker	effects	correspond	to	the	a-values
Assume,	that	p	is	small	and	d=0,	then	ranking	of	animals	according	to	
Direct	genomic	breeding	value	and	the	mono-genic	breeding	value	will
be	the	same.	
	



Parent Offpsring
mean

population	mean

2*(mean	-
population
mean)





also	used	for	Swiss	Beef	Cattle

starting	to	develop	analyses	with	single	step



First	step

marker

N=3000-5000

Marker
effects k	=	150000

Second	step

GEBV	have	higher
reliability	(35-50%)
compared	to	parent
average	(15-20%)

young	animals	-	2-3	months



Advantages	of	2-step	approach

*	Easy	computation	of	GEBV	for	young	animals	
*	Done	every	2	weeks

Problems	with	2-step	approach

*	heavily	depends	on	the	availability	of	a	good	reference
population
*	reliabile	estimates	of	marker	effects
*	For	new	traits	(health	traits,	mastitis,	ketosis,	feed	intake)
with	only	few	data,	it	is	difficult	to	come	up	with	a	reference
population	that	is	large	enough
*	Wait	for	2-3	years



Philosophy:	Combine	all	information

Information:	
phenotypes,	
pedigree,	
genotypes	from	SNP

Population

Older	male	animals	with
many	offspring

female	animal

young	animals



Data	to	be
analysed


