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Correlation is not causation!

Correlation
Does this mean ice 

cream causes drowning 

or viceversa?
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Aim of the study

+SCS

-LACT

-MY+NCN

+pHCausal

relationships?

SEM-GWAS
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The approach

Effect decomposition for the significant SNP

Individual data from 990 Brown Swiss cows

(Cowability/Cowplus projects)
37,519 SNPs from Illumina Bovine SNP50

Phenotypes Genotypes

Bayesian multi-trait GBLUP 

Bayesian networks 
(Hill-Climbing algorithm, bnlearn R package)

Wombat «SNP Snappy» 

SEM-GWAS

Path analyses
(right-sided hypergeometric test 

with FDR<0.05, Cluego)

VECTOR OF THE RESIDUALS

SNP

genes

MTM-GWAS 

Stuctural equations
SEM parameters

Wombat «SNP Snappy» 
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From BNs to SEM parameters

0.057

-0.065

-0.632 -0.262Structural
coefficients (λ)

Recursive model 

n=50,000 bootstrap samples

(Wombat)
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SEM GWAS model

Totalsj→y3SCS = Directsj→y3SCS + Indirect 1 sj→y3SCS + Indirect 2 sj→y3SCS

= sj(y3SCS) + λ32sj(y2𝐿𝐴𝐶𝑇) + λ32λ21sj(y1MY)

𝐲 = 𝐖𝐬 + 𝐗𝐛 + 𝐙𝐠 + 𝐞

Directsj→y3SCS= sj(y3SCS)

SNP effect decomposition for SCS

Indirect(1)sj→y3SCS = λ32𝑠j(y2LACT)

Indirect(2)𝑠j→y3SCS = λ32λ21sj(y1MY)

𝚲y +

Structural coefficients
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SEM GWAS - SNP effects

Direct SNP effect

Total SNP effect

LACT→SCS

MY → LACT→SCS

SCS

λ32=-0.632

λ21× λ32 =0.041
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Integration MTM-GWAS and SEM-GWAS

SNP CHR BP -log10P Direct effect LACT→SCS MY→LACT→SCS Total effect

rs41569794 4 72532921 4.656 0.135 0.062 -0.003 0.194

rs110736919 4 76247713 4.494 0.171 0.028 -0.002 0.197

rs41615292 4 79930421 4.461 0.157 0.026 -0.001 0.182

rs110854438 4 76312755 4.377 0.173 0.020 -0.002 0.191

rs110811284 4 76377517 4.374 0.173 0.020 -0.002 0.191

rs110490432 13 5380158 4.054 0.158 0.040 <0.001 0.198

MTM-GWAS: significant SNP 

(-log10P < 4.055; Li and Ji, 2005)

SEM-GWAS: SNP effect

decomposition

Inflammatory response

genes
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Pathway analyses – Enriched terms

Cell-cell
signaling

LACT

NCNSCS

Membrane 
transport

pH

MY

Macromolecule 
metabolic 

process
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Conclusions & Challenges

Bayesian
networks

SEM-
GWAS

Selection 
strategies and 
management 

decisions 

causal paths 
among udder 

health traits

SNP effect 
decomposition

But…
Complexity of multi-

trait framework

Hidden variables??
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Email: sara.pegolo@unipd.it

Thank you!

mailto:sara.pegolo@unipd.it

