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Motivation

Identify (all) genes underlying a complex trait

,Biology emerges from pathways,
not from single genes”
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Motivation

Identify (all) genes underlying a complex trait

STATISTICAL MODELS (GWAS, genomic selection)

e genes with large effects - easy

 genes with medium effect - possible in large samples
e genes with small effect - impossible

BIOINFORMATIC TOOLS

e gene networks
e gene set enrichment
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Motivation

Identify (all) genes underlying a complex trait

STATISTICAL MODELS genomic selection

PROBLEMS

e SNP information lost

e LD information lost
e gene networks |
e No network validation |
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. Data

. Gene selection

. Functional features
. Network validation
. Results

. Conclusions



Data

4 375 HF animals

SNP information

Gene information

61% EBV

39% no EBV

animals bulls, cows, heifers > MASInBULL project

SNP genotypes
SNP position

SNP pairwise LD
Gene position
EBV for milk yield

DATA

= 50K chip

= lllumina + manually corr.
= PLINK

- Ensemble rel.68 07.2012
—-> evaluation 04.2012



SNP effect estimation

y=uUu+2q-+e

e yv deregressed EBV for milk yield
* 1 general mean

e q additive SNP ~N(O,Ic7§)
eZ {-1,0,1}

* e residual ""’N(O»foez)
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Gene effect estimation

SNP effect estimates (q)
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genomic location + pairwise LD (r?)
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gene effect estimates (g)
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Gene selection

estimates for 4 345 genes
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gy (0,1) — P value

N

P value < 0.20
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Gene network
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Bisogenet, Martin et al. 2010 BMC Bioinformatics

N

retrieve functional information

326 KEGG pathways | 2 289 GO terms

Kobas, Xie et al. 2011 Nucleid Acids Research Bisogenet, Martin et al. 2010 BMC Bioinformatics
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SNP effect estimation
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Permutation
EBV permutation

o
o
i

X

GENE NETWORK



SNP effect estimation

&

gene effect estimation

&

gene selection

&

network construction

&

functional information

x 100

GENE NETWORK

Permutation



Validation

Odds Ratio for KEGG/GO H,:P(0)=P(P) H,:P(0)+P(P)

/C%N Tyl )\ * original data
In(OR)=In ¢__©

C/  permuted data
/(N =Ch))  (pooled)

~N(0,c7i(OR)) s ~N(0,1) —  Bonferroni

GENE NETWORK



Results: GO

regulation of translation - P<0.00001
down regulation of translation involved in gene

silencing by miRNA = P<0.00001
RNA-mediated gene silencing - P<0.00001
cytoplasmic mRNA processing body - P<0.00001
RNA-induced silencing complex - P=0.00060
double-stranded RNA binding - P=0.00333
down reg. of translational initiation - P=0.01487
pre-miRNA processing - P=0.03088

hemidesmosome assembly - P=0.03630

RESULTS



Results: KEGG

Carbohydrate Metabolism - glycolysis, lactogenesis - energy, lactose

e Galactose metabolism (30 genes) - P=0.01357
e Pentose phosphate (26) - P=0.03223

e Fructose and mannose metabolism (36) - P=0.03223

e Measles - P=0.04278
 Dilated cardiomyopathy = P=0.05933
e p53ssignaling pathway - P=0.09567

e Hypertrophic cardiomyopathy - P=0.09567

RESULTS
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Conclusions

1. Pathway validation via EBV permutation
e time consuming
* reflects sample size, informativeness and structure

2. ldentification of genes with small effects
through pathways

ylogical” pathways identified
e 50K poor resolution (not all genes represented)

CONCLUSIONS



Thanks

Katarzyna Wojdak-Maksymiec
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