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Priciples and application of systems biology in improving efficiency of dairy cattle 
John P. McNamara* - Pullman 
 
With this paper I hope to provide some background and philosophy on systems biology in dairy cattle 
research, focusing on the transition period and early lactation.  The approach will be to provide a brief 
background and example of one approach to research that can improve our total understanding of 
dairy cattle biology, as there is a large amount of detail provided in the accompanying papers 
(Drackley, 2011).  A major goal of this work is to stimulate an increase in coordinated; systems based 
research and analysis in the animal agriculture community worldwide. 

 
There still is a limited approach to funding and activity in systems biology and systems research.  
Objectives should include critical pre-study reasoning as to what should be studied, why it should be 
studied, why the system indeed works the way it does and how the work, when completed, will 
contribute to a deeper understanding of the system.  Although more systems work is being funded, we 
need a more thorough application of bio-mathematical reasoning to provide more efficient, faster, 
quantifiable improvement in understanding dairy cattle biology and application on farm.  Hopefully, 
we can seize opportunities ahead to solve what in effect is actually a quite simple problem: how to 
feed everyone in the world a highly nutritious diet including animal products?  Our call and challenge 
as animal scientists is no less than this; how do we ensure a safe and sustainable high quality protein 
food supply worldwide for future generations? 

SYSTEMS BIOLOGY 
Systems biology means different things to different people.  But at a minimum it is at least the 
recognition that each piece of the system (gene, enzyme, pathway, cell, organ) has a specific function 
related to the outcome of the entire system, not just the subsystem in which the molecule acts.  For 
example, synthesis of ATP from the TCA cycle and electron transport chain in the liver provides 
immediate support to anabolic reactions in a liver cell, but the protein synthesized is exported into the 
blood to serve other needs of the system.  When the work in metabolic control of pathway flux 
evolved into study of gene transcription and protein translation, and when sophisticated techniques 
were developed to study those processes, in some circles, the purpose of the research got somewhat 
muddled, and systems biology was taken by some to be relevant only to genomic, transcriptomic or 
proteomic work.  However, the genome, transcriptome and proteome exist only to serve the needs of 
the entire system (the “Why?” question: growth, reproduction, for example). The fields of genomics 
and transcriptomics have provided a wealth of knowledge, but in large part this information has not 
been fully integrated into our biological models and decision making systems.  Measuring transcripts 
of mRNA, or defining QTL and SNP tell us about a part of the system, but knowledge at those levels 
needs to be integrated into control of metabolic, endocrine, cell signaling pathways, and then into 
animal level nutrition, genetic and reproductive management. Given that, where do move forward in 
the system of research in control of animal production? 
 
I think the following series of quotes from Cornish-Bowden (2005) helps put ‘systems biology’ in 
perspective. 

“The idea of systems biology is not new: as long ago as 1968, the mathematician and engineer 
Mihajlo Mesarovic regretted that “in spite of considerable interest and efforts, the application of 
systems theory in biology has not quite lived up to expectation”. But what of systems biology today? 
Does it now look more likely to lead to the expected benefits? 
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