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Warning disclaimer

Active area of learning, exploration, &
research in our lab!!!

• Ideas & work in progress (pre-publication stage!)

• Building experience with applications at this stage



Learning objectives

• Showcase two approaches to modelling haplotype effects for 
a non-recombining region (real & simulation)

• Showcase tree-sequence results for a rice dataset





Model & Results
Application to cattle

mtDNA (collaborators
provided the tree)



Revisiting gene tree modelling approach

Gabriela Mafra Fortuna



Imagine this (possibly unlikely) gene tree



Haplotypes description

Hid Pid A1 A2 A3 Mutated Mutation site Hap. Value Mut. effect
1 NA 0 0 0 0 NA 0 NA
2 1 0 0 0 0 NA 0 NA
3 1 1 0 0 1 1 1 1
4 2 0 0 1 1 3 0 0
5 2 0 1 0 1 2 3 3
6 3 1 1 0 1 2 2 1
7 3 1 0 1 1 3 1 0
8 6 1 1 1 1 3 2 0
9 7 1 1 1 1 2 2 1
10 5 0 1 1 1 3 3 0



Simulated data

• Using a small balanced example where we pull nine 
haplotypes at random 

IndID HapID Hap. Value Phenotype
1 H3 1 y1
2 H2 0 y2
3 H2 0 y3
4 H5 3 y5
5 H10 3 y6
6 H9 2 y7
7 H8 2 y8
8 H6 2 y9
9 H7 1 y10



Simulated data

𝒚 = 𝟏µ + 𝒁𝒉 + 𝒆

Phenotypes
mean

Design matrix

Haplotype values

residual



Simulated data
𝒚 = 𝟏µ + 𝒁𝒉 + 𝒆

µ=10



Simulated data
𝒚 = 𝟏µ + 𝒁𝒉 + 𝒆

10 haplotypes
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Simulated data
𝒚 = 𝟏µ + 𝒁𝒉 + 𝒆 𝑒	~𝑁(0,1)



Simulated data
𝒚 = 𝟏µ + 𝒁𝒉 + 𝒆



Estimating haplotype values

a) SNP-BLUP (marker model)
b) GBLUP (individual model)

Based on 
1. Allele dosages
2. Mutation dosages

Allele 
dosages

Mutation 
dosages

SNP mutations



Estimating haplotype values

a) SNP-BLUP
b) GBLUP

Based on 
1. Allele dosages
2. Mutation dosages

Allele 
dosages

Mutation 
dosages



Estimating haplotype values

𝒚 = 𝟏𝑏 + 𝒁𝒉 + 𝒆

Phenotypes
Fixed effects

Design matrix

Haplotype values

residual



Estimating haplotype values

𝒚 = 𝟏𝑏 + 𝒁𝒉 + 𝒆

𝒉 = 𝑿𝜶



Estimating haplotype values

𝒚 = 𝟏𝑏 + 𝒁𝑿𝜶 + 𝒆

Phenotypes Fixed effects

Design 
matrix

Allele dosage

residual
Mutation effect



Estimating allele substitution effect: SNP-BLUP

𝒚 = 𝟏𝑏 + 𝒁𝑿𝜶 + 𝒆

𝜶~𝑁(𝟎, 𝑰𝜎!") 𝒆	~𝑁(𝟎, 𝑰𝜎#")



Estimating allele substitution effect: SNP-BLUP

a) When X is a matrix of allele dosages



Estimating allele substitution effect: SNP-BLUP

a) When X is a matrix of allele dosages

Return allele substitution effect



Estimating haplotype values: SNP-BLUP

Haplotype values are given by 𝒉 = 	𝑿𝜶



Estimating haplotype values

a) SNP-BLUP
b) GBLUP

Based on 
1. Allele dosages
2. Mutation dosages

Allele 
dosages

Mutation 
dosages



Estimating haplotype values

𝒚 = 𝟏𝑏 + 𝒁𝒉 + 𝒆

Phenotypes
Fixed effects

Design matrix

Haplotype values

residual



Estimating haplotype values

𝒚 = 𝟏𝑏 + 𝒁𝒉 + 𝒆

𝒉 = 𝑿𝜶



Estimating haplotype values

𝒚 = 𝟏𝑏 + 𝒁𝑿𝜶 + 𝒆

Phenotypes Fixed effects

Design 
matrix

Mutation dosage

residual
Mutation effect



Estimating haplotype values: SNP-BLUP

𝒚 = 𝟏𝑏 + 𝒁𝑿𝜶 + 𝒆

𝜶~𝑁(𝟎, 𝑰𝜎!") 𝒆	~𝑁(𝟎, 𝑰𝜎#")



Estimating haplotype values: SNP-BLUP

b) When X is a matrix of mutation dosages



Estimating haplotype values: SNP-BLUP



Estimating haplotype values: SNP-BLUP

Mutation effects



Estimating haplotype values: SNP-BLUP
𝒉 = 𝑿𝜶



Estimating haplotype values: SNP-BLUP
𝒉 = 𝑿𝜶
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Compared
Mutation
dosage

Allele
dosage



Estimating haplotype values: GBLUP

𝒚 = 𝟏𝒃 + 𝒁𝒉 + 𝒆

𝒆	~𝑁(𝟎, 𝑰𝜎#")𝒉	~𝑁(𝟎, 𝑿𝑿$𝜎!")

Add tiny value

Inverse might not exist



Estimating haplotype values: GBLUP



Estimating haplotype values: GBLUP

H
aplotype values



Compared

SNP-BLUP GBLUP



Estimating haplotype values

a) SNP-BLUP
b) GBLUP

Allele 
dosages

Mutation 
dosages

SNP mutations



Estimating haplotype values using a tree

a) SNP-BLUP
b) GBLUP
c) Tree structure

Based on relationships among 
haplotypes on a tree (TBLUP)



Estimating haplotype values on a gene tree

• Each haplotype value can be explained by its parent plus an 
“innovation” term (mutation, untyped variants, epistasis, …)

ℎ! = ℎ" + 𝑟!
ℎ! ~𝑁 0, 𝜎#! → ℎ!|ℎ"~𝑁 ℎ", 𝜎$!
ℎ% = ℎ" +𝑚"→% + 𝑟%
ℎ% ~𝑁 0, 𝜎#! → ℎ%|ℎ"~𝑁 ℎ", 𝜎'! + 𝜎$!

…

ℎ" = 𝑟"
ℎ" ~𝑁 0, 𝜎#!



Estimating haplotype values on a gene tree

• Because of the structure this can be solved as P(G)BLUP: 

𝒚 = 𝟏𝑏 + 𝒁𝒉 + 𝒆

𝒉	~𝑁(𝟎,𝑯𝜎%")

* 𝜎!" 	is the mutation variance and we are assuming it the same as	𝜎#"



Estimating haplotype values on a gene tree

• As it is the case for A, building H can be expensive; but 𝑯!"

is easy using the generalised Cholesky decomposition:

𝑯&' = 𝐓$&'𝐑&'𝐓&'

Haplotype 
relationship matrix

Upper 
triangular 

Diagonal 
Innovation variances

(Mendelian sampling in A)

Lower 
triangular 



Estimating haplotype values on a gene tree

• T gives the connections between haplotypes



Estimating haplotype values on a gene tree

• R holds innovation variances (conditional haplotype 
variance) obtained as:

If ℎ" :
𝑹"," = 𝒙"𝒙"$ + 𝛾/𝜎%&

𝑥"	
𝛾 = 	1𝑒!'(

𝜎%& = 	1



Estimating haplotype values on a gene tree

• R holds innovation variances (conditional haplotype 
variance) obtained as:

If ℎ" :
𝑹"," = 𝒙"𝒙"$ + 𝛾/𝜎%&

For any other ℎ) :
𝑹),) = 𝑛 + 𝛾/𝜎%&

Number of mutations 
separating ℎ! from its parent



Estimating haplotype values on a gene tree

𝐑



Estimating haplotype values on a gene tree

𝑯(" = 𝐓)("𝐑("𝐓("



Estimating haplotype value on a gene tree

• when solving the system of equations shown before:



Compared

SNP-BLUP GBLUP TBLUP
Allele

SNP-BLUP
Mutation



Compared

Data Model Estimation Model correlation b_0 b_1 mse

Balanced Covariate_allele 0.898 0.938 0.377 0.096

Balanced Covariate_mutation 0.997 0.979 -0.031 0.004

Balanced Animal_allele 0.898 0.938 0.377 0.096

Balanced Animal_mutation 0.997 0.979 -0.031 0.004

Balanced ARG_mutation 0.997 0.979 -0.031 0.004

Unbalanced Covariate_allele 0.879 1.222 0.264 0.221

Unbalanced Covariate_mutation 0.998 1.043 -0.005 0.003

Unbalanced Animal_allele 0.879 1.222 0.264 0.221

Unbalanced Animal_mutation 0.998 1.043 -0.005 0.003

Unbalanced ARG_mutation 0.998 1.043 -0.005 0.003



Questions?!



Rice & tree sequence exploration

Ines Rebollo

• Rice breeding dataset from Uruguay
• 936 lines (381 Indica & 555 Japonica)
• 22,741 yield records from 828 trials
• 61,260 GBS markers



Rice – ancestral alleles & tree sequence



Rice - tree sequence



Rice - GNN



Rice – two interesting loci



ts.relatedness() à site- & branch-based NRM



Cross-validation accuracy (meh)



Rice - GWAS



Rice – GWAS peak trees and haplotypes



Rice – GWAS peak trees and haplotypes



Learning objectives

• Showcase two approaches to modelling haplotype effects for 
a non-recombining region (real & simulation)
à interesting implications (waiting on real data analysis)

• Showcase tree-sequence results for a rice dataset
à the dataset is too small (genomic models similar results to 
pedigree model)
à issues with tree sequence inference? (too many mutations!?)



Questions?!
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