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Most complex traits have polygenic architecture
• Most GWAS hits fall into non-coding regions
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ØQuantitative trait loci (QTL) should 
impact gene regulation
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Controversies on the importance of regulatory variants 

• Previously, eQTL are reported to only contribute a small fraction 
of trait h2

v11% of h2 for human disease (Yao et al 2020)

vTerm “missing regulation” in human genetics (Connally et al 2021, Mostafavi et al 2022)

v12% of h2 for cattle traits (Xiang et al 2019)

v< 5% of cattle QTL of fat% overlapped with eQTL (van den Berg et al. 2020)
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e/sQTLs explained ~70% of h2 of dairy cattle traits
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h2 due to regulatory variants
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Ø Including more regulatory variants explains higher h2

eQTL alone

expected observed

Multi-tissue h2

Single-tissue h2

Multi-tissue h2

Single-tissue h2

16 single-tissue + 1 multi-tissue BayesRC analysis
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h2 of lipidomic traits due to regulatory variants
• The same methods and e/sQTL prior 
• Applied to 56 lipidomic traits measured by liquid chromatography-mass spectrometry 

(LC-MS)
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Ø 71% of lipidomic traits h2 due 
to cis and trans e/sQTL
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Causal variant for fertility and multi-omics

• chr15:42,044,576 (rs137255300) within IRAG1 affects birth size and the concentration of 
lactosylceramide and is a cis eQTL for CTR9 in blood

• chr15:42,044,576 (rs137255300) is also a missense mutation and conserved across 100 vertebrates

(N=103,350) (N=320) (N=945)
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Customising SNP chip using regulatory variants
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Credit: Iona M. MacLeod
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• Used to genotype and genetically evaluate 
~20,000 cows

• Implemented for Holstein and Australian red

• Validated genomic prediction accuracy in 
industry settings
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Industry adoption of customised SNP Chip

Credit: Iona M. MacLeod and Irene van den Berg 
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Future steps
• Some markers on the SNP chip didn’t work well – chip manufacturing process, 

genotyping QCs, etc

• New research, new traits, new variants ….

• low-pass (0.5-2X) sequencing: costs have been moving towards SNP chip

• Long-read sequencing consortium: 
iona.macleod@agriculture.vic.gov.au; 
tuan.nguyen@agriculture.vic.gov.au
amanda.chamberlain@agriculture.vic.gov.au

mailto:iona.macleod@agriculture.vic.gov.au
mailto:tuan.nguyen@agriculture.vic.gov.au
mailto:amanda.chamberlain@agriculture.vic.gov.au
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