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			Abstract 

			The rumen of cattle is densely populated by a myriad of diverse microorganisms. The bacterial proportion of this consortium has been elucidated regarding its ability to break down and metabolize complex compounds (particularly polysaccharides) which would otherwise be undigestible to the mammalian host. True symbioses such as that found in the rumen between the host animal and the resident ruminal microbial population is rare in nature. The development of Next-Generation DNA Sequencing techniques now allows us to study the microbial composition in greater detail than ever before. The implementation of new technology to characterize the ruminal microbial population, combined with animal performance data, has opened a new field of study for animal scientists and ruminant nutritionists. Ultimately, we must correlate animal feed efficiency and microbial degradative specific activities with the overall ruminal microbial diversity. These correlations will pave a new way for nutritionists to feed cattle more efficiently, precisely selecting in favor of the microbial populations that are most associated with efficient animal performance.
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			Introduction

			The rumen is a blind sac in the digestive tract that functions as an effective system for the conversion of plant cell wall biomass into microbial protein, short chain fatty acids, and gases [1,2]. The ruminal microbiome of cattle is characterized by its high population density (>1010 CFU/ml), wide diversity, and complex web of interactions [2,3]. Although cellulose is the most common carbohydrate on earth, it cannot be degraded by mammalian enzymes, however, the microbial population inhabiting the rumen provides this capacity, allowing the ruminant animal to occupy ecological niches that other animals cannot. Catabolism of plant cell walls is rarely carried out by a single species of microorganism; for example, the initial colonization of plant fiber is often performed by fungi that degrade the easily available side chains of complex polysaccharides, followed by another subset of bacteria that degrade the main chains of cellulose and xylan [1]. Because of the importance of the symbiotic relationship between ruminant animals and the microbial population of the rumen, characterization of their microbial community is very important. 

			However, traditional culture-dependent methods have not been able to elucidate the whole ruminal ecosystem, as many species are obligate anaerobes and/or do not thrive in laboratory conditions. For instance, although Ruminococci have been studied in many culture-based experiments [4], recent studies using modern molecular techniques have found that this genus is present at relatively low abundances in the ruminal microbiome [5,6]. In addition, members of the Ruminococcaceae family that have been identified through modern techniques may be different 

from the ones identified through culture-based techniques, and consequently have different biological functions and enzymatic activities [5]. Thus, new approaches such as next-generation DNA sequencing have contributed to a better understanding of the complete (and more accurate) rumen microbiome and have opened new arenas for study.

			Rumen Microbiome Composition and its Effects on Animal Performance

			Overall, ruminal microbial communities are dominated by members of the phyla Firmicutes and Bacteroidetes. Collectively, these two phyla comprise approximately 85% of the total ruminal bacterial population [5-8]. After performing pyrosequencing of 16S rRNA genes, Rosewarne et al. [7] found a predominance of sequences from the phyla Bacteroidetes (47.2%) and Firmicutes (42.3%). Similarly, McCann & Myer et al. [5,8] reported prevalence of Bacteroidetes ranging from 53 to 78%, and Firmicutes from 15 and 33% in ruminal samples.

			The relationship between feed efficiency of cattle and the rumen microbial populations using next-generation sequencing has been investigated under distinct animal production scenarios. McCann [5] studied the correlation between rumen microbiome and feed-efficiency in Brahman (Bos indicus) bulls. Overall, the authors classified 67.5% of their sequences as Bacteroidetes, and 22.9% as Firmicutes, but neither of these two dominant phyla correlated with feed efficiency. However, at the family level, Prevotellaceae was the most abundant bacteria, and a greater presence of this family was detected in less-efficient bulls, compared to the most-efficient ones. Conversely, an undefined family of Bacteroides was greater in the most-efficient bulls. In another study, Myer et al. [8] fed a high-concentrate diet to a total of 345 steers for a period of 63 days and individually measured ADG and feed intake. Steers with distinct animal performance phenotypes were selected, and ruminal samples were sequenced using bacterial 16S rRNA gene amplicons. Overall, they found that the most efficient group of steers (i.e. high ADG with low feed intake) had a lower percentage of Bacteroidetes (mainly due to Prevotella) in their microbiome, compared to less-efficient steers. In contrast, Firmicutes was positively correlated with higher feed efficiency. 

			Furthermore, within this phylum, the genera Dialister had a significantly greater percentage in the most-efficient animals (4.1% versus 1.0%), with a similar trend observed for Veillonellaceae and Lachnospiraceae, which were increased 3 and 4-fold in the high-efficient group, respectively. To quantitatively and qualitatively measure the ruminal microbial community at lower taxonomic levels (i.e. genus and species level) Carberry et al. (2012) found that inefficient animals had a greater abundance of the genus Prevotella in their rumen community structure. Moreover, the abundance of this genus was highly affected by the nature of the diet offered to cattle, as the presence of Prevotella was almost 4 times greater in the samples from animals consuming a low-forage diet, compared to the ones on a high-forage diet. In contrast, the presence of Fibrobacter succinogenes was 4.5 times greater in the ruminal samples of animals receiving a high-forage diet.

			Regarding the overall diversity of rumen microbial populations, although it seems counterintuitive, research has been pointing that ruminal microbiomes with greater richness and diversity are not necessarily associated with improved animal performance [9,10]. In fact, a lower richness of microbiome gene content and taxa is strongly correlated with better feed efficiency. The rationalization is that, although the most efficient rumen microbiomes have lower richness and diversity, they produce greater amounts of relevant output metabolites, which are readily available for the animal’s energetic needs [10,11]. In this context, one important metabolite produced in the rumen, which is normally linked to improved cattle performance is propionate [9]. Thus, efficient microbiomes are in fact less complex, but more specialized in supporting the animal’s energy requirements since they produce more relevant compounds, such as propionate.

			Conclusion

			As highlighted in this brief review, many differences have been observed in the ruminal microbial population that impact the phenotype relative to animal feed efficiency, as well as the nature of the diet animals are fed. Thanks to new technologies that are now more accessible (especially next-generation DNA sequencing), ruminant nutritionists can have a deeper knowledge of the overall rumen microbiome. Such enhanced knowledge of specific bacterial populations associated with improved animal performance should be coupled with understanding of the biochemical activity of individual microbes of the rumen. Ultimately, these new tools will help nutritionists to feed cattle more efficiently by maximizing the production of important end products such as propionate, which is closely related with feed efficiency. Therefore, next-generation DNA sequencing can guide ruminant nutritionists on selecting in favor of the microorganisms associated with improved animal performance, which in turn can result in greater profitability and sustainability of cattle operations.
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