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' Something you need to carefully look at, or that may impair your GWP

Q Something to do, or that optimizes your GWP
@ Don’t. Discourage to use this.

+ gt
@- Smart tip. Something that makes the trick.

@ Advanced. Something to dive in.
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Challenges

What you need to know from this lecture

Basic concepts

How genes and environment modulate the phenotype
What is genomic heritability and how it affects GWP

Interpret what a GWP implies
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A bit of history T

REML(Patterson & Thompson, 1971)
MIVQUE (Rao, 1971)

BLUP
and
Infinitesimal model (Fisher, 1917). pedigree relationship
Inbreeding (Wright, 1921). matrix
Variance components. ANOVA (Fisher, 1922) (Henderson, 1973, 1976)

Computer revolution

Bayesian methods
Gianola, Foulley, 1
First recording schemes First breeding programs ( eIy

Herd mates (Artificial insemination)

Larger food

S Genomic
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Locus, loci

0,2-20um

A specific physical location of a
gene, DNA sequence or genetic
marker on a chromosome; like a

genetic street address _
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1 Nucleus I_I_l

Chromosomes

Gene

Gene, unit of hereditary
information that occupies a fixed
position (locus) on a
chromosome. Genes achieve their
effects by directing the synthesis
of proteins.

+ posttransiational
modification
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Mendelian effect

Deviation from the expected
parent average




1/2 EBV .. +1/2 EBV
Sire

Pedigree index

Parent average

dam




& Allele substitution
effect

The effect that the presence of a
copy of an allele has on the
phenotype (regarding the
reference allele).
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a Spurious pleiotropy b Mediated pleiotropy C True pleiotropy

Variant A Variant B Variant A Variant A
—A— —r— —

{ R’ R {2\

Trait 1 Trait 2 Trait 1 Trait1 Trait2
\\5 Trait 2

Neighboring variants affect Variant affects one trait Variant independently

two traits independently which causally affects another affects two traits

Figure 4

Diagrams illustrating (#) spurious plciotropy, in which two ncighboring, scparatcly causal variants (b/ze and
orange stars) arc mistakenly inferred to be pleiotropic becausc they cannot be statistically distinguished;

|
(b) mediated pleiotropy, in which a variant is statistically associated with two traits becausc it has a causal
cffcct on onc trait that in turn causally impacts another; and (¢) truc pleiotropy, in which a single
unambiguous causal variant is scparatcly biologically causal for two indcpendent traits.

the phenomenon in which a single
locus affects two or more apparently
unrelated phenotypic traits
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a Monogenic trait b Polygenic trait
controlled by a single locus controlled by many loci

Allele a

Trait value Trait value

C Omnigenic trait
large numbers of haplotype blocks contain a causal variant

cis-Acting variants
at core genes

affecting core genes

O
@ trans-Acting variants
@

Variants affecting peripheral genes
(and indirectly affecting core genes)

Figure 1

(@) A bimodal trait distribution for a monogenic trait controlled by a single genctic locus, as compared to
() a continuous trait distribution for a polygenic trait controlled by many genetic loci. (¢) Schematic of one
possible architecture for an omnigenic trait, in which several large-cffect cis-acting and many smaller-cffect
truns-acting variants modulate a sct of core genes, as does a much larger ensemble of ¢is- and rrans-acting
variants impacting peripheral genes that only indirectly modulate the phenotype.




. . I ~ aa bb cc % AABBCC V2
NMnitesimail mode R

AaBb Cc
(medium red)

A quantitative trait is influenced
by an infinitely large number of
genes, each of which makes an
infinitely small (infinitesimal)

l Self-fertilization

AABBCc

AABbcc
/AAbbcc AADDCC
AaBbcc AaBBcc
: AabbCc AaBbCc
/ Aabbee aaBBcc AabbCC
= aaBbcc aaBbCc aaBBCc AABbLCC
aabbce | |aabbCc | |aabbcc | |aaBbece aagacc [ aasecc [l

effect, as well as by environmental o 1 2 s+« s 6
factors. Random sampling of .
alleles at each gene produces a
continuous, normally distributed
phenotype in the population (at N ( 2k )z (l)zk 2k!
least around the average of that of Jo) \2) (k=) !
the individual's parents).

Frequency in Population

Probability of j major alleles in k biallelic loci =
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Genetic variance

Frequency

Phenotype deviation from the
mean phenotype caused by the
combination of alleles inherited
from parentals and these alleles

independent effects on the
specific phenotype
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Phenotype
decomposition

Phenotype is affected by genetic
(additive +dominance +epistasis),
environment and their
Interactions.

Distribution function

0 a/a

0 A

0 /AJA\
Height (h)
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Heritability

The amount of phenotypic

(observable) variation in a
population that is attributable to
individual genetic differences

“Narrow and broad sense”
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Genetic marker QN
DNA sequence with a known 2] W’M‘A’G 7

location on a chromosome that G|lce

can be used to identify individuals
. . C 71
or species. It can be described as a Al cG
variation (which may arise due to
mutation or alteration in the
genomic loci) that can be
observed
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Marker variance

Phenotype deviation from the
mean phenotype caused by the
inheritance of a particular allele

from parentals and this allele's

g Notation Variance component Genotype coding
independent effect on the

Va 2pqla + d(p — )] x, € {0,1,2}

phenotype vy 2paay % €0.20,20~ 0)
Vp 4pq? @+ doy? xp €{0,2,2}
1+g a+aq
VA 2p*q 7 ) 1-q —2q
Vaa computed numerically Xpn € (Xg1 — (X0, — 1)
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Genomic variance

The amount of variance explained
by marker effects (<genetic
variance, because of incomplete
LD with QTLs or missingness)

Var(f'x;) = B'Cov(x;,x;)p
=PZ.AB
=2, 2712 27150
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Genomic
heritability

The proportion of variance of a
trait that can be explained (in the

population) by a linear regression
on a set of markers
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Missing heritability

The problem of missing heritability,
that is to say the gap between
heritability estimates from genotype Thecaseofthe n:us:.smg he"tah""y

data and heritability estimates from et fowe el
twin data
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a cis-Acting variants

Change in gene product
(RNA or protein)

/
Change in gene %/
expression
7 X
—

Variant resides nearby
on the chromosome

Figure 2

(a) cis-Acting variants that impact the cxpression of a genc immediately proximal on the chromosome.

(b) trans-Acting variants that impact a genc product originating from a distal genctic locus. (c) Schematic of
an cxperimental design to measure allele-specific mRNA levels. Duc to the presence of both parental alleles
in the Fg heterozygote, cis-acting regulatory activity is inferred from differential expression of the messenger
RNA attributable to onc of the two homologous loci. This is because both homologs cxist in an cssentially
cquivalent truns-regulatory cnvironment; any difference in abundance must therefore be duc to a ncarby
cis-acting variant.
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b trans-Acting variants

expression
0 % Change in level or

conformation of gene
product (RNA or protein)

Change in gene V}>
N

Variant resides elsewhere
in the genome

C Allele-specific expression analysis

Homolog A

5o : ; Similar trans-regulato
Distinct cis-acting environment €9 i

variants

Homolog B

Examine expression in
heterozygous diploid

Jakobson and Jarosz, 2020

predicti@n



