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Introduction

I The Robustmilk project
I Develops new practical technologies for selection on milk

quality and dairy cow robustness
I Brings together resources from 5 European countries

I This study : Combine data from 4 research herds and
discover genomic regions that are associated with :

I Milk production
I Fat / Protein ratio



Materials - Phenotypes

I Holstein cows from 4 countries :
I 546 : Ireland
I 653 : Scotland
I 144 : Sweden
I 590 : The Netherlands

I Weekly test day milk records during 1st lactation :
I Milk (kg)
I Fat (kg)
I Protein (kg)

I 305 day yields calculated from Wilmink curve (Wilmink, 1987)



Fat / Protein ratio deviation

I Negative Energy Balance is common in early lactation
I Demands for milk production increase
I Feed intake levels lag behind
I Slow return to homeostasis

I Fat / Protein Ratio averages
I 305 day lactation : 1.19
I Early lactation, week 2-5 : 1.30
I Maximum in early lactation, week 2-5 : 1.45

I Fat / Protein Ratio deviation

(Maximum Ratio week 2−5)− (Average Ratio 305 days) (1)



Materials - Genotypes

I Cow genotypes from Illumina BovineSNP50 BeadChip

I 54 samples (2.8%) were removed :
I Call rate ≤ 0.95

I 18,577 SNPs (34%) were removed :
I GC score ≤ 0.20
I GT score ≤ 0.55
I Call rate ≤ 0.95 in one or more countries
I χ2 for HWE ≤ 600
I Minor Allele Frequency

I ≤ 0.01 in one or more countries
I ≤ 0.05 overall



Results : Combining data
I Calculate IBS distances between all pairs
I Apply standard metric 2 dimensional scaling

 

I No separation of clusters by country



Association analyses

I Adjusted phenotypes

Y = CHYS +β1age+β2age2 + e (2)

I Regression analysis including individual SNP and Y
adjusted from model 2

Y∗ = SNP+ e (3)

I False Discovery Rate adjustment
(Storey and Tibshirani, 2003)

I 0.05 FDR level



Results : GWAS Milk

I Plot of −log10(P) against genome position : MILK
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Results : GWAS Fat / Protein ratio

I Plot of −log10(P) against genome position : FPR deviation
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FAT PROTEIN RATIO deviation



Associations with Fat / Protein Ratio

I Details of associated SNPs

Chr. Mb MAF Effect Genes ≤ 500kb
9 75 0.12 0.035 HBSL1 / MYB

17 56 0.35 0.043 PSMD9
27 26 0.27 0.036

I HBSL1 / MYB region associated with hemoglobin levels
and platelet count

I PSMD9 involved in Insulin regulation



Results

I Associations with milk on chromosomes 9, 10 and 14
I Chromosome 14 as expected near DGAT
I Milk yield QTL have been reported on all cow chromosomes

I Associations with FPR deviation on chromosomes 9, 17
and 27

I Feed intake QTL reported on chromosome 17
(Nkrumah et al., 2007)

I Fat% QTL have been reported on all cow chromosomes



Conclusions

I Combining genotypes from multiple European cow
populations

I No substructure detected from genotypes
I Known QTL detected by simply accounting for herd year

and season effects

I QTL are detected for FPR deviation on chromosomes 9,
17 and 27

I Feed intake QTL and PSMD9 candidate gene on
chromosome 17



Acknowledgements

Staff at :
Scottish Agricultural College
Moorepark Dairy Production Research Centre
Wageningen UR
Swedish University of Agricultural Sciences

Marjolein Janssen

This work was carried out as part of the RobustMilk project that is financially supported by the European

Commission under the Seventh Research Framework Programme, Grant Agreement KBBE-211708. The content of

this paper is the sole responsibility of the authors, and it does not necessarily represent the views of the

Commission or its services.



Citations

J. D. Nkrumah, E. L. Sherman, C. Li, E. Marques, Jr. Crews, D. H., R. Bartusiak, B. Murdoch, Z. Wang, J. A.
Basarab, and S. S. Moore. Primary genome scan to identify putative quantitative trait loci for feedlot growth rate,
feed intake, and feed efficiency of beef cattle. J. Anim Sci., 85(12):3170–3181, 2007. doi: 10.2527/jas.2007-0234.
URL http://jas.fass.org/cgi/content/abstract/85/12/3170.

John D. Storey and Robert Tibshirani. Statistical significance for genomewide studies. Proc. Nat. Acad. Sci., 100
(16):9440–9445, 2003. doi: 10.1073/pnas.1530509100.

J.B.M Wilmink. Comparison of different methods of predicting 305-day milk yield using means calculated from
within-herd lactation curves. Livest. Prod. Sci., 17:1 – 17, 1987. ISSN 0301-6226.

http://jas.fass.org/cgi/content/abstract/85/12/3170

	Introduction
	Methods
	Results
	Conclusions
	Acknowledgements
	References

