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Systems genetics analysis of obesity 
using RNA-Seq and genomic data in an 

F2 pig model for obesity



Why obesity?
Obesity: excess of body fat

Associated with several diseases: 
- Type 2 diabetes
- Heart diseases 
- Several types of cancer

Huge welfare and economical consequences!

Interaction between genetic and environmental factors

Estimated genetic contribution to obesity (BMI): 40-70%
To date, GWAS has been able to explain 1.45% 

of the genetic variation
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Pig as a model for human obesity
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Similar metabolic features and disease progression
• Protein and lipid metabolism comparable with human
• Similar cardiovascular system
• Proportionally similar organ sizes

Genetically very close to humans:
• 2.8 billion basepairs vs 3.3 billion in human
• 21.640 protein coding genes vs 23.438 in human
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Genotyping:
60k SNP Chip

RNA-sequencing:
36 animals

Pig Model for Obesity
Kogelmann et al. Frontiers in Genetics 2013,4:29 GWAS + LDLA 

Kadarmideen et al. 2013 . Genomics in Metabolism



Obesity Index
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Obesity Index: based on selection index theory

(Co-)variance
components



RNA Sequencing

Animal selection: 
Obesity Index (selection index theory)
36 animals: 12 lean, 12 intermediate, 12 obese

RNA-Sequencing: 
- Subcutaneous adipose tissue
- Illumina HiSeq2500 
- ~30 million reads per sample
- Alignment: STAR
- Count reads: HTSeq
- Normalization and corrected for sex
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RNA-Seq Quality Control



Differential expression Analysis on RNAseq data
Linear model in Limma: 

OI = sex + expression + ℮

458 Differentially expressed genes

Top DE gene:
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Functional annotation of DE
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Blue: Immune related pathways
e.g.chemokine signaling pathway

Green: Developmental related pathways
e.g. Wnt signaling pathway



Co-expression of DE genes
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TNMD (tenomodulin): 
Associated with glucose metabolism
(type 2 diabetes) and central obesity



Department of Clinical Veterinary and Animal Sciences

Overview



Expression QTL (eQTL) mapping study
Integration of genotype (60K) and 
RNA-Seq data:

A full scale eQTL mapping means
mapping some 21000 phenotypes
using 60k chip

Adapted cis-eQTL mapping for DE 
transcripts

 to detect causal variants1

Detection of 987 cis-eQTLs (<1 Mb)
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1Kadarmideen, et al. (2006) Mammalian Genome 17: 548-64 
Kadarmideen (2008) IET Systems Biology 2: 423-441
Kadarmideen (2014) Livestock Science  166: 232-248



eQTL study: one example
PEX10:

• Important for the accumulation of 
very long chain fatty acids and 
branched chain fatty acids 

• Has been detected as differentially 
expressed between obese and non-
obese asthmatic individuals
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eQTL study: pathway analysis
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GO Biological Process: 
• Co-factor metabolic process
• Coenzyme biosynthetic process
• Water-soluble vitamin process
• Peptide metabolic process

KEGG:
• Amino sugar and nucleotide sugar metabolism
• Pyrimidine metabolism 
• Valine, leucine and isoleucine degradation
• Glutathione metabolism
• Purine metabolism



Phenotype
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Genomics Transcriptomics

Figure adapted from Kadarmideen, HN. (2014). Genomics to Systems Biology in Animal and Veterinary Sciences: Progress, 
Lessons and Opportunities. Livestock Science, 166: 232-248  http://dx.doi.org/10.1016/j.livsci.2014.04.028

eQTL

BMC Medical Genomics
(accepted)

Detection 
and validation of 

causal variants 
& biomarkers

PLoS Genetics
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