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BACKGROUND

G e n o t y p e +  e n v i r o n m e n t :

Estimation

• “𝑝>𝑛ˮ
• Selection and shrinkage

approach

P h e n o t y p e :

Prediction
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STATISTICAL
APPROACH

Exploit relationships 
among predictors

Identify causative regions
on the genome

Estimate breeding values
with high precision
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W H O L E -
G E N O M E

REGRESSION

𝑦 phenotype vector

𝑋 marker-genotype matrix

𝛽 vector of additive-genetic effects

𝑒 vector of i.i.d. residuals

𝑦 = 𝑋𝛽 + 𝑒MODEL

෠𝛽 = arg min
𝛽

1

2𝑛
𝑦 − 𝑋𝛽 2

2 + penalty

(𝑛-invariant formulation)

OPTIMI-
SATION



5

M4

M3

M2

M1

P E N A LT Y

lasso: (Tibshirani, 1996)

𝜆 𝛽 1

group lasso: (Yuan and Lin, 2006)

𝜆෍

𝑚

𝑝𝑚 𝛽𝑚 2

sparse-group lasso: (Simon et al., 2013)

𝛼𝜆 𝛽 1 + 1− 𝛼 𝜆෍

𝑚

𝑝𝑚 𝛽𝑚 2

generalised sparse-group lasso:

𝛼𝜆 𝑫𝛽 1 + 1 − 𝛼 𝜆෍

𝑚

𝑝𝑚 𝑬𝒎𝛽𝑚 2
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COMPUTATIONAL
IMPLEMENTATION

M1-M3

M4

Proximal gradient descent
(backtracking line search, warm starts)

ADMM
(new variables: 𝛾 = 𝐷𝛽, 𝛿 = 𝐸𝛽, 𝑤, new parameter 𝜌)

Straight forward for 𝛽 𝑘+1 , 𝛾 𝑘+1 , and 𝑤 𝑘+1

Assumption for 𝛿 𝑘+1 : group structure in 𝐷 + 𝐸 𝛽

𝐷 = 𝐼

𝐸 block diagonal, 𝐸𝑚
𝑇𝐸𝑚 = 𝐼𝑚×𝑚𝐾

−1, 𝐾… covariance matrix

Update
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S I M U L A T I O N
𝑦 = 𝑋𝛽 + 𝑒

𝛽
3 different numbers of QTL:

1, 3, or 9 groups per 
chromosome

3 traits with different heritabilities

ℎ2 ∈ 0.1, 0.3, 0.5
𝑦, 𝑒

𝑋1000 individuals
10 families

100 half sibs per family

466 SNPs
2 chromosomes

233 SNPs per chromosome

Statistics
100 experiments
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R E S U L T S

MEAN SQUARED ERROR

1 group of QTL 
per chromosome

Equal effect sizes
within groups
(“simplified scenario”) 

𝛼 = 0.95
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1 group of QTL 
per chromosome

Equal effect sizes
within groups
(“simplified scenario”) 

𝛼 = 0.95

C O R R E L A T I O N

BREEDING VALUES
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Similarity measures within the grouping:

Population-wide linkage

disequilibrium

MATRIXEADMMGeneralised sparse-group lasso:

Change current condition:

D I S C U S S I O N

AND OUTLOOK

𝛼 𝐷𝛽 − 𝛾 + 1 − 𝛼 𝐸𝛽 − 𝛿 = 0

𝐷
𝐸

𝛽 −
𝛾
𝛿

= 0

Decoupled updates for 𝛾 and 𝛿

Theoretical correlation

(Wittenburg et al., 2016)

Thank you very much.

Funded by:



Leibniz Institute for Farm Animal Biology FBN

Wilhelm-Stahl-Allee 2

18196 Dummerstorf

Germany

Contact

Jan Klosa

Phone: +49 38208 68 918

Fax: +49 38208 68 902

E-Mail: klosa@fbn-dummerstorf.de

Internet: www.fbn-dummerstorf.de


