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I. NUTRITIONAL GENOMICS 

Over the last several decades the importance of the relationship between nutrients, metabolism, 
and inherent genetic potential (genomes), has evolved from a general concept into a very active 
field of research known as "nutritional genomics" (a.k.a., nutrigenomics). Nutrigenomics seeks 
to measure the nutrition-responsive genome expression (Mariman, 2006), thus defining how a 
given nutritional challenge alters the 'basal' content of expressed mRNA (transcriptome). 

The recent astounding technological advancements in the automation of many molecular 
biological and chemical laboratory techniques, and the development of genome-based search 
engines (Weniger et al., 2007) for known biochemical relationships (bioinformatics ), has resulted 
in the ability to measure complete (ostensibly) profiles of genes, mRNA, proteins, or metabolites 
present in tissues/cells at the time of sampling. 'Genomics' refers to the study of the 'genome', 
which can be considered to be the complete set of genes possessed by an organism. Genomic 
studies typically either determine the chemical identity (genome sequencing), organizational 
structure (structural genomics) of an organism's genetic 'blueprint' (DNA), or identify the 
complement of gene prouducts (mRNA transcripts) expressed by a cell at a given time 
('transcriptome' ). Although the analysis of transcriptomes by microarrays are not considered to 
be quantitative (yet), microarrays have become the analytical tool of choice because they can 
provide significant insight into which of the multitude ofbiochemical pathways expressed by a 
cell at a given time were altered. From this overview, specific hypotheses to be developed and 
subsequently tested by the more sensitive, mRNA-specific assays, such as Northern blots, 
RNAse expression assays, and real-time reverse-transcription-PCR analysis. 

In contrast to genomics/transcriptomics, 'proteomics' and 'metabolomics' refer to the study of 
the complement of proteins that were actually expressed from the transcriptome and the 
metabolic products resulting from their activity, respectively. From a biological perspective, 
these areas of 'omic" research provide fundamentally different yet complementary information 
about how cells control the synthesis and function of proteins, from the 'turning-on' 
(transcription) of a gene through control of the mRNA-encoded protein activity. For example, 
transcriptome analysis, as compared to proteomic analysis, may be more likely to reveal 
treatment-induced expression of novel genes, due to its greater sensitivity (Mutch et al., 2004; 
Mijalski et al., 2005). 
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Conceptually, as a field of research, nutrigenomics is both critically dependent on, and 
synergizes, the fields of nutritional science, genetics, and knowledge of species' genomes 
(Figure 1 ). A major reason why nutrigenomics has a relatively high potential for success in 
development of diets that optimize livestock performance is because of the high degree of 
knowledge that already exists regarding the nutritional requirements of livestock for a particular 
production state and the relatively sophisticated quantification of the genetic potential of various 
breeds/sub-strains of livestock. 

Nutritional Science 

Nutrigenomics 
•transcriptomics 
•proteomics 
•metabolomics 
•bioinformatics 

Livestock 

Nutrigenetics 
•targeted gene approach 
•QTL-mapping 

Optimized Diet 
•In utero 
development 
•growth promotion 
•disease prevention 

Figure 1. Inter-relationships between nutritional science, livestock genomes, nutrigenomics, 
nutrigenetics, and optimized diet formulation. QTL, quantitative trait loci. Adapted from 
Mariman (2006). 

II. POTENTIAL/INHERENT LIMITATIONS OF NUTRIGENOMIC ANALYSIS 

An inherent problem in the application of information gained from nutrigenomic studies that 
seek to define diet-gene interactions (vs a single nutrient-gene interactions) is that a given 
individual or class of nutrients may directly interact with transcription factors to alter gene 
expression, act indirectly as a result of cellular metabolism or interaction with secondary signal 
transduction cascades, or both (Kaput and Rodriguez, 2004; Figure 2). Furthermore, the 
response measured may well differ, depending on which tissue was measured, especially with 
regard to the potential interactions of dietary chemicals and endogenous hormone receptors 
(Kaput, 2005), and when potential diet-gene interactions are further confounded by consumption 
of nutrient-limited diets (Cousins et al., 2003; Leong et al., 2006). Conversely, the ability to gain 
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a transcriptome-wide measurement of such complex interactions within and across tissues is a 
tremendous benefit because it may reveal unexpected intracellular pathway and inter-organ 
relationships, thereby identifying additional candidate genes for analysis by more quantitativ~ 
single-gene analytical techniques (e.g., real-time RT-PCR) (Collins, 2006; Li and Li, 2006; 
McClintick et al., 2006). 
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/ 
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! 
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Figure 2. Potential complexities of diet-gene relationships. Adopted from Kaput and Rodriguez 
(2004) and Go et al. (2005.) 

As noted above, transcription of a gene does not necessarily mean that the resulting mRNA will 
be translated into a protein, nor that the protein will undergo proper post-translational 
modification, nor be functionally active. Therefore, another major potential limitation of 
applying nutrigenomic data to the development of optimal diets is the understanding that gene 
transcription (mRNA production) may not be proportional to protein content or functional 
activity of the protein. That is, nutrigenomics data is based on the relative, and in some cases, 
absolute (quantitative) measurement of mRNA, and not the ultimate measure of gene expression, 
or functional activity of the protein. Therefore, for many genes, nutrigenomic analysis may not 
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be an adequate predictor of the metabolic response to a nutrient challenge because, ultimately, it 
is the complement of functional proteins within cells and tissues that begets whole-animal 
phenotype. However, the full value and application of nutrigenomic analysis can be realized if 
the relative expression and functional activity of specific proteins responsible for preferred 
phenotypes are characterized. Accordingly, coupling nutrigenomic microarray analysis with 
functional activity and metabolite measurements can reveal several biochemical relationships 
that would not have been apparent from only transcriptome or protein analysis alone (Cui et al., 
2004; Mijalski et al., 2005; Loor et al., 2006). 

III. POTENTIAL APPLICATION OF MICROARRA Y ANALYSIS OF TRANSCRIPTOMES 
TO CHARACTERIZE ANIMAL PHENOTYPES 

A. Characterization of constitutive phenotypic differences 

Of especial importance to the animal industry is understanding at the genetic level (Flaherty et al., 
2005; van der Steen et al., 2005) why certain phenotypes (breeds, strains, families, or 
individuals) po~sess the ability to respond to dietary (Reverter et al., 2003), metabolic stress 
(Weber et al., 2006), and environmental challenges (Collier et al., 2006) "better" or "worse" than 
others. That is, revealing the total cellular mRNA profiles of high-producing animals versus 
those that don't produce so much but that remain healthy throughout the production period, will 
allow us to develop rational approaches to developing dietary management schemes that push 
but don't exceed the "useful" production capacity of individual animals. 

B. Diet-induced in utero imprinting 

Nutrigenomic analysis of maternal feeding has been used to develop hypothesis regarding the 
effects of in utero imprinting of adult phenotypes, especially regarding compositional gain 
(Mathers, 2007; Wells et al., 2007) as a result ofboth inadequate (Burdge et al., 2007) and surfeit 
maternal nutrition (Armitage et al., 2005). The use of microarray technology to characterize the 
gene expression profiles of these models facilitates the simultaneous testing of multiple genes 
that are affected by the diet-induced alteration of several key transcription factor pathways, for 
example the alteration of metabolic capacity induced by alteration of peroxisome proliferation 
factor-activated receptor (PP ARs) (Bunger et al., 2007). 

C. Exogenous agent-induced change in compositional gain and efficiency of growth 

Estrogen implants. The use of estrogen implants is a common and economically effective way to 
increase lean mass and reduce backfat. However, beyond the initial receptor/ligand interactions, 
little is known about the mechanisms responsible for this altered metabolism, especially with 
regard to how estrogen-nutrient supply interactions. Because the import of estrogen-implanted 
cattle is banned by the European Union (EU) and is receiving increasing scrutiny by American 
consumers, understanding the immediate and subsequent biochemical pathways triggered by this 
estrogen "therapy" is critical to identify alternative and, perhaps, more specific methods for 
inducing these beneficial phenotype changes without arising medical and consumer concerns. 
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Subtherapeutic feeding of chlortetracycline (CTC). The feeding of subtherapeutic levels of CTC 
has been practiced for over 40 years in the animal industry to improve the efficiency (gain:feed) 
of feed utilization. However, consumer and societal-wide issues have been raised against t4e use 
of CTC, most recently in regards to perceived risk of developing bacterial resistance to 
antibiotics used in human and animal medicine. Also, as for estrogen, characterization of the 
change in animal-expressed genomic profiles of animals fed subtherapeutic levels of CTC would 
facilitate the development of inert CTC "mimics", nutriceuticals, or both, that could induce CTC
like metabolic profiles and phenotypes. 

24,128 Probe Sets on Bovine Array 

112 QC Probe Sets 24,016 Probe Sets 

18,484 Present Probe Sets 5,532 Absent Probe Sets 

142 Probe Sets with Treatment Effect P < 0.01 

53 Probe Sets Up-regulated 89 Probe Sets Down-regulated 

Figure 3. Flow chart outlining qualitative and statistical analyses of the hybridization signals 
leading to identification of differentially regulated genes in the liver by CTC, as analyzed using 
the Affymetrix BovineChip. QC, quality control sequences. 

Such a research approach has been initiated in our lab to identify the effect of CTC feeding on 
mRNA (Matthews and Brown, unpublished) and proteomic (Dionissopoulos et al., 2006) 
expression profiles of cattle. The gel electrophoresis-mass spectrometry-based proteomic 
analysis revealed that CTC feeding (350 mg/d) to growing steers increased the expression of 
eight proteins and reduced expression of twelve. Subsequent bioinformatical analysis revealed 
that the CTC feeding primarily affected proteins involved with the MAP kinase, development, 
aging, and apoptotic metabolic pathways. Our preliminary assessment of CTC-induced changes 
to liver gene expression revealed that the feeding of CTC increased the expression of 53 genes 
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and decreased the expression of 89 genes (Figure 3). Furthermore, these genes encoded for 
proteins that possessed 18 different functional classifications. 

IV. TAKE-HOME MESSAGE 
Studies documenting specific nutrient-gene interactions through the use of relatively simple ( cell 
monoculture, single tissue) and short-lived (days) experimental models are impressive. However, 
because the physiology of key health, reproduction, production, and product quality traits of 
livestock is complex, and involves intricate coordination of gene expression for multiple mRNA 
transcripts, nutrigenomics likely will continue to be a powerful research tool to support the 
livestock industries. Furthermore, answers to some of the more pressing questions in animal 
production ( such as optimizing diet designs based on expression profiles) will require an 
orchestrated analysis of genomic, proteomic, and protein activity expression profiles before these 
relationships can be identified and understood well enough to manipulate them by nutrients or 
exogenous compounds (Go et al., 2005; Mijalski et al., 2005). Accordingly, the advent of 
microarray analysis with its ability to "capture" the gene expression profile of an organism to a 
nutritional challenge adds a powerful and pertinent tool to direct the efforts of "downstream" 
proteomic expression and protein activity analyses. 

LITERATURE CITED 

Armitage, J. A., P. D. Taylor, and L. Poston. 2005. Experimental models of developmental 
programming: consequences of exposure to an energy rich diet during development. 

Bunger, M., G. J. E. J. Hooviveld, S. Kersten, and M. Muller. 2007. Exploration of PP AR 
functions by microarray technology-A paradigm for nutrigenomics. Biochim. Biophys. Acta 
1771: 1046-1064. 

Burdge, G. C., M.A. Hanson, J. L. Slater-Jefferies, and K. A. Lillycrop. 2007. Epigenetic 
regulation of transcription: a mechanism for inducing variations in phenotype ( fetal 
programming) by differences in nutrition during early life? 

Collier, R. J., Steining, C. M., B. C. Polllard, M. J. VanBaale, L. H. Baumgard, P. C. Gentry, and 
P. M. Coussens. 2006. Use of expression microarrays for evaluating environmental stress 
tolerance at he cellular level in cattle. J. Anim. Sci. 84(E. Suppl.):El-E13. 

Collins, J. F. 2006. Gene chip analyses reveals differential genetic responses to iron deficiency in 
rat duodenum and jejunum. Biol. Res. 39:25-37. 

Cousins, R. J., R. K. Blanchard, M. P. Popp, L. Liu, J. Cao, J.B. Moore, and C. L. Green. 2003. 
A global view of the selectivity of zinc deprivation and excess on genes expressed in human 
THP-1 mononuclear cells. PNAS 100:6952-6957. 

Cui, X.-L., P. Soteropoulos, P. Tolias, and R. P. Ferraris. 2004. Fructose-responsive genes in the 
small intestine of neonatal rats. Physiol. Genomics 18:206-217. 

211 



Dionissopoulos, L.B. C. Lynn, J. A. Boling, and J.C. Matthews. 2006. Chlortetracycline alters 
expression of multiple hepatic proteins. FASEB J. 20(5):A1315. 

Flaherty, L., B. Herron, and D. Symula. 2005. Genomics of the future: identification of 
quantitative trait loci in the mouse. Genome Research 15: 17 41-17 45. 

Go, V. L. W., C. T. H. Nguyen, D. M. Harris, and W.-N. P. Lee. 2005. Nutrient-gene interaction: 
metabolic genotype-phenotype relationship. J. Nutr. 135:3016S-3020S. 

Kaput, J. 2005. Decoding the pyramid: A systems-biological approach to nutrigenomics. Ann. 
N.Y. Acad. Sci. 1055:64-79. 

Kaput, J., and R. L. Rodriguez. 2004. Nutritional genomics: the next frontier in the postgenomic 
era. Physiol. Genomics 16: 166-177. 

Leong, H. X., C. Simkevich, A. Lesieur-Brooks, B. W. Lau, C. Fugere, E. Sabo, and N. L. 
Thompson. 2006. Short-term arginine deprivation results in large-scale modulation of hepatic 
gene expression in both normal anf tumor cells: microarray bioinformatic analysis. Nutrition and 
Metabolism 3:37-49. 

Li, R. W., and C. Li. 2006. Butyrate induces profound changes in gene expression related to 
multiple signal pathways in bovine kidney epithelial cells. BMC Genomics 7:234-247. 

Loor, J. J., H. M. Dann, N. A. J. Guretzky, R. E. Everts, R. Oliveira, C. A. Green, N. 
B.Litherland, S. L. Rodriguez-Zas, H. A. Lewin, and J. K. Drackley. Plane of nutrition 
prepartum alters hepatic gene expression and function in dairy cows as assessed by longitudinal 
transcript and metabolic profiling. Physiol. Genomics 27:29-41. 

Mariman, E. C. 2006. Nutrigenomics and nutrigenetics: the 'omics' revolution in nutritional 
science. Biotechnol. Appl. Biochem. 44:119-128. 

Mathers, J.C. 2007. Early nutrition: impact on epigenetics. Forum Nutr. 60:42-8. 

McClintick, J. N., D. W. Crabb, H. Tian, J. Pinaire, J.R. Smith, R. E. Jerome, and H. J. Edenberg. 
2006. Global effects of vitamin A deficiency on gene expression in rat liver: evidence for 
hypoandrogenism. J. Nutr. Biochem. 17:345-355. 

Mijalski, T., A. Harder, T. Halder, M. Kersten, M. Horsch, T. M. Strom, H. V. Liebscher, F. 
Lottspeich, M. Hrabe de Angelis, and J. Beckers. 2005. Identification of coexpressed gene 
clusters in a comparative analysis of transcriptome and proteome in mouse tissues. PNAS 
102:8621-8626. 

Mutch, D. M., P. Anderle, M. Fiaux, R. Mansourian, K. Vidal, W. Wahli, G. Williamson, and 
M.-A. Roberts. 2004. Regional variations in ABC transporter expression along the mouse 
intestinal tract. Physiol. Genomics 17: 11-20. 

212 



Reverer, K. A. B., H. L. Bruce, Y. H. Yang, B. P. Dalrymple, and S. A. Lehnert. 2003. A 
mixture model-based cluster analysis of DNA microarray gene expression data on Brahman and 
Brahman composite steers fed high-, medium-, and low-quality diets. J. Anim. Sci. 81:1900-
1910. 

Vandersteen, H. A. M., G. F. W. Prall, and G. S. Plastow. Application of genomics to the pork 
industry. 2005. J. Anim. Sci. 83(E. Suppl.):El-E8. 

Weber, P. S. D., S. A. Madsen-Bouterse, G. J.M. Rosa, S. Sipkovsky, X. Ren, P. E. Almedia, R. 
Kruska, R. G. Halgren, J. L. Barrick, and J.L. Burton. 2006. Analysis of the bovine neutrophil 
transcriptome during glucocorticoid treatment. Physiol. Genomics 28:97-112. 

Wells, J. C. K., S. Chomtho and M. S. Fewtrell. 2007. Programming of body composition by 
early growth and nutrition. Proc. Nut. Soc. 66: 423-434. 

Weniger, M., J.C. Englemann, and J. Schultz. 2007. Genome expression pathway analysis tool
analysis and vis.ualization of microarray gene expression data under genomic, proteomic and 
metabolic context. BMC Bioinformatics 8:179-191. 

213 


	0120A
	0120B
	0121A
	0121B
	0122A
	0122B
	0123A
	0123B

