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Outline of presentation

ÁMotivation for the study

ÁBackground ïsimulation, genomic 

selection

ÁObjectives of our simulation trials

ÁOverview of adjustable parameters 

ÁSummary of results
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Motivation

Á Costs of DNA sequencing and 

marker genotyping decrease 

every year

Á Decisions made now will 

determine the populations 

available for analysis in ten years

Á In ten years time, the cost of 

marker genotyping is likely to be 

low enough to make application 

feasible

Á Planning now will enable more 

cost-effective applications of 

marker technology when it 

becomes cost-effective
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Background ïsimulation 

ÁA powerful tool in forest genetics and tree 
improvement

ÁUsed extensively in the past 20 years to model 
various aspects of breeding and selection 
strategies and predict responses

ÁSeveral studies to date in forest trees used 
simulation to predict responses to marker-aided 
selection (MAS) using a QTL-mapping approach

ÁOne study used simulation to compare predicted 
responses of oil palm to genomic selection or MAS
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Background ïgenomic selection 

ÁFirst proposed by Meuwissen, Hayes and Goddard 
(2001)

ÁDiffers from QTL mapping in that identification of 
specific genes or regions is not the primary objective

Á Instead, the primary objective is to predict the breeding 
value of individuals without phenotypes

ÁTested by the US Dairy Herd Improvement Association 
in collaboration with the USDA Animal Improvement 
Programs Laboratory ïaverage of 23% better than 
pedigree method across 27 traits
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ÁIt is better suited to breeding applications than 

QTL mapping approaches

ÁNot dependent on large full-sib families

ÁWorks with arbitrarily complex multi-generation 

pedigrees

ÁProvides information useful for forward selection

Characteristics of Genomic 

Selection



ÁIt relies on relatively dense markers, to exploit 

linkage of markers and trait loci within regions 

of LD

ÁRequires a ñtraining populationò to estimate 

marker locus values, and can then use those 

estimates to predict the value of related 

individuals based on genotype alone

Genomic Selection (cont.)



Á LD in breeding 
populations is likely to be 
higher than in the 
population as a whole

Á Breeders are working 
with advanced-cycle 
selections of known 
pedigree ïthe ability to 
identify trait loci in trees 
with no known relatives is 
not a critical need

Á Elite sub-lines often 
consist of small numbers 
of individual trees

How much LD exists in loblolly pine?



Objectives of our study

ÁTest the sensitivity of genomic selection to:

ÁPopulation parameters typical of forest tree 

breeding populations, 

ÁMating and testing designs that are likely to be used

ÁCompare genomic selection to other methods for 

predicting breeding values

ÁMake decisions about breeding, testing, and 

selection to capture value from cost-effective 

marker technologies
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Overview of simulation parameters

ÁGenome characteristics

ÁNumbers of chromosomes, range of 

chromosome size variation, 

ÁTotal genetic map size, Haldane or Kosambi 

map function

ÁNumbers of SNP markers and trait loci, minor 

allele frequency range and distribution

ÁDistribution and variance of trait locus allele 

effects
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ÁPopulation characteristics

ÁMating design 

ÁNumber of parents and number of progeny per 

cross

ÁNumber of generations of mating and selection

ÁNumber of traits of interest

ÁHeritability of traits

Overview of parameters (cont.)
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Testing the simulator

May 31, 2009North America Quantitative Forest Genetics 

Workshop
12

ÅThe program simulates recombination and Mendelian segregation based on a

specified genetic map to produce a simulated population of progeny

ÅA mapping program should reconstruct the starting genetic map from analysis

of the simulated progeny population

ÅStarting map had 10 loci at 15 cM intervals on 12 chromosomes, N = 200 indiv

ÅFinal empirical map has 10 loci on each of 12 linkage groups, in correct order



Summary of current simulations

ÁGenome characteristics

Á12 chromosomes, ~2000 cM total map length

ÁAll loci in complete linkage equilibrium
ÁGenotypes assigned to each locus independently of all others

Á4000 SNP markers with MAF between 0.15 and 

0.49

Á100 trait loci with allelic effects drawn from a 

normal distribution
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ÁPopulation sizes and mating designs tested

ÁSix-parent half-diallel (see poster)

Á25-parent, 50-parent, and 100-parent double-

pair mating designs

ÁA single trait, under purely additive genetic 

control with a heritability of 

h2= ů2
A/ (ů

2
A+ ů

2
e) = 0.1  to 0.3

Summary of current simulations
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ÁAlleles are sampled from normal distribution with 

mean 5, sd 1; and rounded to whole numbers 

ÁThe true genetic value of each individual is just the 

sum of the allelic values for the 100 loci assigned 

as QTL, minus 1000 to bring mean effect to zero

where GVi is the genetic value of the i-th individual and 

ai,k are values of alleles j and k at the n-th locus 

Genetic value based on trait loci
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Analysis-BLUP approach 

ÁBased on pedigree information

y = Xɓ+ Zu + e

Á The covariance matrix of y is Var(y)=ZGZT+R and G=Aů2
A

where A is the additive genetic relationship matrix and ů2
A is 

the variance of additive genetic effects. The elements of A

are genetic covariances between relatives derived from a 

coefficient of coancestry based on known pedigree. 

Á The additive genetic value of genotypes (Ai)  with known 

pedigree is Ai = 1/2( Af + Am )+ mi
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Source Trait1 Trait2 Trait3

Additive 6.1 7.3 6.0

Error 4.8 37.8 0.9

h2 0.56 0.16 0.87

Variance components
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r(g,ǡ) Based on BLUP 

ÁCorrelations between 

true (g) and predicted 

breeding (ghat) values 

for different levels of 

QTL loci effects. 

ÁAs the QTL-loci effect 

increased we detect a 

stronger correlation 

between TBV and EBV
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