USDA High-throughput Phenotyping of Rumen Microbial Contents Using Buccal Swabs
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/ Introduction

\to collect buccal swabs with respect to their correlation with rumen samples.

The rumen microbiota has been inextricably linked to production traits in cattle as it is the primary
means by which the host animal digests feed. However, gold-standard methods to assess the rumen
microbial community are either laborious (ie. Stomach tubing) or require invasive surgeries (ie. Rumen
cannulation). This often limits surveys of the rumen microbiota to smaller sample sizes and reduces the
power necessary to identify small effects that microbial composition has on other traits. Recent work
has suggested that buccal swabs could serve as suitable proxies for rumen microbial contents [1,2].
However, this work notes that the contamination of the oral microbiota is a major issue among several
other factors. Our study uses a time-course experimental design and Random Forest models to identify
both (a) the putative oral- and feed-associated taxa that contaminate buccal swabs and (b) the best time
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/ Methods

Sampling Times (every 2 hours):
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(Conversion) individual cows separated by timepoints (T1-6) and sample type (BS, RVS and RVL) and each row is an identified OTU, with each

Buccal swabs (BS) and rumen contents (separated into solid (RAS, RVS) and liquid (RAL,
RVL) fractions) were taken from 8 cannulated cows at six timepoints (T1-6) separated by 2
hours each. The first timepoint started 1 hour prior to morning feeding and continued until
just prior to evening feeding. DNA was extracted from samples and the V4 region of the 16S

rDNA gene was amplified for sequencing. Sequences were processed using Mothur [3] and

Likely Oral/Feed Taxa

A heatmap of OTU relative abundances shows clear visual patterns to help distinguish between contaminants. Columns represent
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cell colored by the relative abundance of that OTU in the sample. The first obvious pattern is the presence of high relative
abundance of OTUs in the upper clades of rows in the buccal swab (BS) samples that are likely oral in origin. Furthermore, there

are examples of taxa that are abundant to similar degrees in rumen solids and buccal swabs in specific animals, pre-feeding.
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" Otu0056|Bibersteinia
Otu0113|Streptococcus
DOtu0041|Lactobacillus
Jtu0023|Pediococcus
Jtu0104(Lactobacillus
Jtu0016(Lactobacillus
Jtu0048|Lactobacillus
Otu0027|Acetobacter
Otu0076|Chloroplast_ge
Otu0092|unclassified”
Otu0112|Oceanobacillus
Otu0001|Prevotella_1
Otu0009|Prevotella_1
Otu0018|Prevotella_1
Otu0017|Prevotellaceae_UCG-001
Otu0046|Ruminococcus_2
Otu0010|Prevotella_1
Otu0030|Prevotella_1
Otu0024|Treponema_2
Otu0038|Prevotella_T
Otu0006|Ruminococcaceae_NK4A214_group
Otu0007|Christensenellaceae_R-7_group
Otu0013(Ruminococcus_2
Otu0033|Rikenellaceae_RC9_gut_group
Otu0045(F082_ge

Otu0011|Prevotella_1
Otu0022|Succiniclasticum
Otu0004|Succinivibrionaceae_UCG-001
Otu0034|Prevotella_7
Otu0020|Prevotella_1
Otu0025|Prevotella_1
Otu0035|Prevotella_1
Otu0021|unclassified
Otu0047|Prevotella_1
Otu0040|Lachnospira
Otu0003|Prevotella_1
Otu0029|unclassified
Otu0002|Prevotella_1
Otu0012(Prevotella_1
Otu0031|Butyrivibrio_2
Otu0028|Lachnospiraceae_NK3A20_group
Otu0032|Lachnospiraceae_NK3A20_group
Otu0039(p—251 —os_ge
Otu0037|Prevotella_
Otu0005|Succiniclasticum
Otu0036(Lachnospiraceae_ge
Otu0026|Succinivibrionaceae_UCG-002
Otu0044|Saccharofermentans
Otu0008|Prevotella_1
Otu0014|Prevotella_1

\I’his may be a consequence of rumination, where the animal depletes liquid from the bolus before chewing the solid fraction. /

\filtered OTU tables were used in a Random Forest Classifier and Regression. /

/ PCoA suggests best time to sample

1 Hour Pre-Feeding | |2 Hours Post—Feeding\ PCoA plots of OTUs from buccal
swabs (BS) and Rumen samples
(RVS, RAS, RVL, RAL) show the
001 067 greatest similarity at the first
& o timepoint (T1; pre-feeding). The
0.1- % o1{ % Sample type | differences between sample types
| o o BS is most pronounced shortly after
o4 o4, z; feeding (T3) due to contamination
-~ with putative feed- and oral-

RVS associated microbes.

/

Random Forest Classifier identifies oral taxa
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A Random Forest Classifier model was
trained on the data to classify samples into
buccal swabs (BS), rumen solids (RS) and
rumen liquids (RL). After training the
model, we identified the top 20 taxa that
were most informative to the model’s
decisions as a function of the mean
decrease GINI (% importance). A heatmap
of average relative abundance of each OTU
is presented to the right of each taxa. The
Classifier model clearly identified oral- and
feed-associated taxa, but also identified
rumen taxa that were underrepresented in

/

BS samples.
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/ Conclusions \

Swabs taken pre-feeding were
correlated with rumen microbial
profiles

Contaminants from the oral or feed
communities were identified

Regression of buccal swab data to
rumen microbial profiles still needs

\ further tuning /

/" Regression Analysis

1 Hour Pre-Feeding

BS - RVS —o—
BS - RVL =

-6 -3 0 3
LSmeans differences
We used a Random Forest Regression model to
attempt to derive the relative abundance of rumen
(RVS, RVL) OTUs from the OTU counts of buccal
swab samples (BS). Unfortunately, the model only
had a maximum r2 of 0.45 for specific OTUs and
we found high degrees of collinearity among
others. We suspect that the prevalence and
abundance of certain rumen taxa are highly
dependent on several variables including the time

\since last rumination. /
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