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ABSTRACT 
The objective of this study was to determine whether the microbial composition of various locations within the gastrointestinal (GI) tract contributes to the efficiency status of domestic livestock. One method of measuring feed

efficiency is through residual feed intake (RFI) calculations. Sheep with previously established RFI classes (6 low and 6 high) were sampled. Samples were taken from six locations the GI tract (rumen, duodenum, jejunum, ileum, colon,
and feces) to determine how the efficiency status of sheep may be correlated with various microbial communities. Gene surveys of the 16S rRNA of the microbiota present in the various samples were sequenced for the V3-V4 regions.
While the high and low RFI subgroups at each location were not significantly different from one another (BC < 0.41), various taxa were present in significantly different quantities between the two RFI classes in the rumen, feces, colon,
duodenum, and jejunum. The majority of these taxa were observed in the rumen, colon, and feces as opposed to the intestines. The quantities of taxa which have been established to contribute positively to the digestive process
(Fibrobacteres, Riknellaceae, Ruminococcaceae, Christensenellaceae, Bifidobacteriaceae, Saccharofermentans, and Lachnospirazceae) were higher within the low RFI animals in multiple locations (p < 0.06). Proteobacteria was more
abundant in high RFI animals in multiple locations (p < 0.06) which suggests a dysbiotic microbial system. These results indicate that at the individual taxa level, microbial composition of multiple regions of the GI tract significantly
contributes to the efficiency status of sheep.

OBJECTIVES
 Characterize microbial communities in terms of 

richness and diversity along the GI tract

 Define the various relationships microbial 
communities have with one another and the 
influence RFI class has on them

 Compare microbiota across high and low RFI 
groups for individual taxa at individual locations 
and identify which taxa are present in significantly 
different amounts between RFI classes

INTRODUCTION
 Feed efficient livestock contribute to agricultural 

sustainability3,6. 

 Efficiency can be determined using residual feed 
intake (RFI)3,6, calculated by:

𝑅𝐹𝐼 ≈ 𝐴𝑐𝑡𝑢𝑎𝑙 𝐹𝑒𝑒𝑑 𝐼𝑛𝑡𝑎𝑘𝑒 − 𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝐹𝑒𝑒𝑑 𝐼𝑛𝑡𝑎𝑘𝑒7

 Expected feed intake for an individual animal is 
determined using linear regression7.

 Animals with lower RFI are characterized as being 
more efficient since they require less feed than their 
higher RFI counterparts3,6.

 One mechanism hypothesized to guide RFI is 
gastrointestinal microbiota5.

 Ruminants are foregut fermenters and rely heavily 
on microbes for the breakdown of plant material5.

RESULTS

Sample Set Dissimilarity Between High and Low RFI Groups

Colon 0.2132

Duodenum 0.3273

Feces 0.2150

Ileum 0.4088

Jejunum 0.4059

Rumen 0.1700

Colon Duodenum Feces Ileum Jejunum Rumen

Colon X X x x x X

Duodenum 0.842 X x x x X

Feces 0.227 0.817 x x x X

Ileum 0.943 0.45 0.934 x x X

Jejunum 0.972 0.41 0.966 0.167 x X

Rumen 1 0.334 0.991 0.728 0.795 X

METHODS 
 12 wethers previously established for RFI class were selected for this study.

 The Yeoman Lab collected gut samples which were processed for DNA, amplified, and sequenced
using an Illumina Miseq. All sequence data was assembled into contigs using mothur.

 mothur software was used to assess alpha diversity (Good’s Coverage, Chao1, Sobs, Shannon’s
diversity, and Simpson’s diversity) of sequencing data.

 Primer E software was used to assess beta diversity (Bray-Curtis Average Dissimilarity, Analysis of
Similarity, Non-metric Multidimensional Scaling, and Similarity Percentage).

 R package gplots was used for analysis at the individual taxa level (testing of significance and
generation of heatmaps).
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CONCLUSIONS
 Individual locations within the gastrointestinal tract of sheep had significantly different microbial compositions, with the exception of the colon and feces.

 Successive change in microbial composition was observed across the rumen, duodenum, jejunum, and ileum.

 Individual taxa in multiple regions were present in significantly different quantities.

 Prevotella, Fibrobacter, Saccharofermentans, and Ruminococcaceae, all cellulolytic, were more abundant in high efficiency sheep4,6.

 Sheep with a lower RFI had more Bifidobacteraceae and Lachnospiraceae. Both taxa contribute to the production of butyrate, commonly associated with good
gut health9.

 Christensenellaceae has been shown to be one of the more inheritable taxa present in the guts of both humans and mice. While it was shown to be associated
with weight loss, it was also tied to a better functioning digestive system and was more abundant in higher efficiency sheep2.

 In multiple locations, Proteobacteria (linked to dysbiotic digestive systems) was observed in higher quantities in lower efficiency sheep1.
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Location Taxa P-Value RFI Class

Colon Alloprevotella 0.056 High

Colon Fibrobacter 0.066 Low

Colon Rikenellaceae 0.019 Low

Duodenum Proteobacteria 0.054 High

Feces Ruminococcaceae 0.068 Low

Feces Gastranaerophilales 0.05 High

Feces Alloprevotella 0.038 High

Feces Thalassospira 0.022 High

Feces Alphaproteobacteria 0.03 High

Feces Christensenellaceae 0.0051 Low

Jejunum Bifidobacteriaceae 0.022 Low

Rumen Ruminococcaceae 0.04 Low

Rumen Bacteria Unclassified 0.041 Low

Rumen Succinivibrio 0.05 High

Rumen Lachnospiraceae 0.04 High

Rumen Saccharofermentans 0.059 Low

Rumen Lachnospiraceae 0.057 Low

Rumen Betaproteobacteria 0.04 High

Sheep used in this experiment were smut wethers (a cross 
between blackface and white wool breed). 

The facility the sheep were housed in

Figure 1. NMDS plot of all samples showing similarity between colon 
and fecal samples and successive change in microbial composition at 
the rest of the locations

Figure 2. NMDS plot of high RFI samples showing similarity between 
colon and fecal samples and successive change in microbial 
composition at the rest of the locations

Figure 3. NMDS plot of low RFI samples showing increased variability 
between colon and fecal samples and disruption of the successive 
change in microbial composition at the rest of the locations

Table 1. Average Bray-Curtis dissimilarity values between high and 
low RFI classes at individual locations indicating that there were not 
any significant differences in overall microbial composition at any 
location between classes

Table 2. Individual taxa which were present in significantly different 
amounts between high and low classes at various locations

Table 3. Pearson’s R values between GI locations showing that the 
majority of locations had significantly different microbiota (Spearman’s 
P ~ 0.001 - 0.051)


