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�Objective: 

Develop mathematical models that 

quantify/model resemblance between relatives 

for phenotypes of a quantitative trait :

- based on pedigree
- based on markers

Outlines:

� Causal model for covariances between relatives

� Genetic covariances between relatives

� Deriving a causal model for covariances among relatives

� Identity By Descent, Coefficients of coancestry and additive and 

dominance relationships

� Causes of non-genetic covariances between relatives

� Variance of the average phenotype of a group of relatives

� Use of marker data to estimate resemblance at a linked locus using 

linkage and linkage disequilibrium information

Why?

• Resemblance between relatives can be used to 

estimate trait population parameters

- estimate genetic variances, heritabilities, etc.

- predict breeding values using phenotypic 

data on relatives

- detect, evaluate, and incorporate QTL
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OBSERVATIONAL model

(STATISTICAL)   

Degree of resemblance can be estimated from 

data by statistics

- Correlation between phenotype of parent and offspring

- Regression of offspring on parent phenotype

- Covariance/correlation between sibs

- Analysis of variance

- Maximum likelihood

CAUSAL model

• Degree of (genetic) resemblance of relatives 
depends on:

- genetic relationship between relatives

�proportion of alleles related individuals share / have 
in common/identical by descent

�coefficient of coancestry, genetic relationship

- variance components (additive, dominance, 
environmental)
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A CAUSAL MODEL FOR GENETIC 

RESEMBLANCE BETWEEN RELATIVES

Consider two individuals, o and o’

with parents s, d and s’, d’ 

and alleles at a locus Q denoted as:

If o and o’ are related and the trait has a genetic 

basis, o and o’ will share alleles and have similar 

phenotype, i.e. a non-zero covariance: 

cov(Po,Po’)>0.

Deriving a causal model for cov(Po,Po’)

Phenotypes of individuals can resemble each other

because:

- genetics, genetically related –

and/or because:

- environment (e.g. lambs raised by the 

same dam or in the same pen):
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Model for GENETIC resemblance

First using single locus theory 

(results apply to QTs under multi-loci)

Assume  a phenotype by a single gene, along with 
environment

o carries alleles Qop and Qom (abbreviated by alleles op 

and om )

o’ carries alleles Qo’p and Qo’m (abbreviated by alleles o’p
and o’m )

Are two alleles the same?

Identity By State (IBS) versus Identity By Descent (IBD)

IBS: if we can genotype individuals o and o’ for this locus 

(QTL), then we can directly determine whether the 

alleles the two individuals carry are indeed the same

if they are the same, this is referred to as the 

alleles being IBS
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Are two alleles the same?

Identity By State (IBS) versus Identity By Descent (IBD)

IBD: if cannot genotype, then cannot determine IBS 

directly but, if o and o’ have a common ancestor => 

can determine the probability that the two alleles are 

identical 

– Prob(op is IBD to o’p) = P(op Ξ o’p) 

= probability that alleles op and o’p

originated from the same allele of 

the common ancestor

Example IBD probabilities, coefficients of coancestry

and additive and dominance coefficients
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They derived general analytical equations to 

obtain such IBD probabilities, conditional on 

assumptions about population history:

– Historical effective population size

– Number of generations when the mutation that 

created variation at the QTL occurred
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An example 

Ne = 100

6 markers in 10 cM, putative QTL position in centre: 

M_M_M_Q_M_M_M

– Sample 4 haplotypes from population: 

001001, 001001, 011001, 111011

– IBD matrix is:

This is an LD based IBD matrix

Covariance between one individual with haplotype 112112 and one 

individual with haplotype 122112 :   0.63*σv
2

if this segment contains a QTL with variance 2 σv
2

IBD probabilities of haplotype pairs at locus A.
The haplotypes consist of 10 bi- allelic markers that had allele frequencies equal to 0.5 in the base population 

(1 cM apart). Locus A is at the middle of this haplotype.

Combine covariances from linkage and LD

(combined LDLA analysis)
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IBD probabilities of haplotype pairs at locus A. 
The haplotypes consist of 10 markers that had founder alleles in the base population(1 cM apart). Locus A is 

at the middle of this haplotype. 

The effective population size and number of generations since the base population are both 100.

Genetic resemblance at QTL based on 

combined linkage disequilibrium and 

linkage / cosegregation

Linkage IBD matrices assume QTL alleles in 

founders are not IBD

LD IBD matrices capture IBD between founder 

QTL alleles

combine these two approaches LD-LA analysis

consider again the dense marker haplotypes:

Sire 0100 / 0101

Dam 0111 / 0100

Progeny 0100 / 0111

LA
The linkage based IBD matrix:
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consider again the dense marker haplotypes:

Sire 0100 / 0101

Dam 0111 / 0100

Progeny 0100 / 0111

LD
The LD-based IBD matrix of founder haplotypes, e.g.:

consider again the dense marker haplotypes:

Sire 0100 / 0101

Dam 0111 / 0100

Progeny 0100 / 0111

LDLA
Combining these gives: :


