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Abstract

Chronic wasting disease (CWD) is a fatal, contagious, neurodegenerative prion disease affecting
both free-ranging and captive cervid species. CWD is spread via direct or indirect contact or oral
ingestion of prions. In the gastrointestinal tract, prions enter the body through microfold cells
(M-cells), and the abundance of these cells can be influenced by the gut microbiota. To explore
potential links between the gut microbiota and CWD, we collected fecal samples from farmed
and free-ranging white-tailed deer (Odocoileus virginianus) around the Midwest. Farmed deer
orignated from farms that were depopulated due to CWD. Free-ranging deer were sampled
during annual deer harvests. All farmed deer were tested for CWD via ELISA and IHC, and we
used 16S rRNA gene sequencing to characterize the gut microbiota. We report significant
differences in gut microbiota by provenance (Farm 1, Farm 2, Free-ranging), sex, and CWD
status. CWD-positive deer from Farm 1 and 2 had increased abundances of Akkermansia,
Lachnospireacea UCG-010, and RF39 taxa. Overall, differences by provenance and sex appear

to be driven by diet, while differences by CWD status may be linked to CWD pathogenesis.
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Introduction

Chronic wasting disease (CWD) is a fatal, contagious, neurodegenerative prion disease affecting
both free-ranging and captive cervid species, including white-tailed deer (Odocoileus
virginianus), mule deer (Odocoileus hemionus), elk (Cervus elaphus elaphus), and moose (Alces
alces). First identified in Colorado, USA in the 1960s, CWD was given the designation as a
transmissible spongiform encephalopathy (TSE) in 1978 !2. Other TSEs include bovine
spongiform encephalopathy, transmissible mink encephalopathy, kuru, and variant and sporadic
Creutzfeldt-Jakob Disease (CID) !. Since the 1960s, CWD has spread across North America and
has been identified in cervids in 26 states 3. Outside of the United States, CWD has been
documented in Korea, Canada !, and Norway *. Clinical signs of CWD include progressive
weight loss, altered posture, head tremors, ataxia, and polydipsia and polyphagia'.
Pathologically, CWD causes spongiform lesions within the central nervous system caused by an
abnormal, diseased isoform (PrP“"P) of the normal cellular prion protein (PrP¢). PrPC is
typically composed of multiple alpha-helices, but the abnormal isoform undergoes a
transformation into a beta-sheet conformation, making it resistant to proteases, high
temperatures, and standard disinfection protocols . The extreme hardiness of the diseased prion,
as well as an incubation period ranging from 18 months to 5 years !, makes CWD extremely

challenging to control and manage.

CWD is commonly shed in the saliva, urine, feces, and skin and is spread via direct or indirect
contact with infectious prions and environmental fomites 3. There is evidence that after oral
ingestion and passage into the intestinal tract, prions enter the body through microfold cells (M-
cells) &7, M-cells are specialized cells found in lymphoid follicles, the appendix, mucosal
associated lymphoid tissue (MALT), and in the follicle-associated epithelium (FAE) of Peyer’s
patches in the gut 8. M-cells are considered the gatekeeper of the intestine, as they continuously
sample and internalize material from the lumen of the intestine via transcytosis to the underlying
lymphoid tissue in the Peyer’s patch for initiation of mucosal and systemic immune responses "~
°. Studies in mice have shown that after oral entry of a TSE agent, prions initially accumulate in
Peyer’s patches and mesenteric lymph nodes in the gut 1%, Increased M-cell abundance has
been linked to an increased susceptibility to orally acquired prion diseases, and the absence of

M-cells at the time of oral exposure to infectious prions blocks neuroinvasion and disease
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development ©. Importantly, M-cell abundance can be influenced by microbes in the gut as well
as by enteric inflammation, and M-cell induction and development has been linked to
inflammatory cytokine stimulation and pathogen infection ''"!3. Further, a 2009 study!'# found
that mice with intestinal inflammation as a result of increased levels of Salmonella had a
significantly higher risk of prion disease. Therefore, increased abundance of M-cells in the gut
due to a concurrent inflammation or due to increased levels of specific microbes, such as

Salmonella '*3

, could potentially enhance uptake of prions from the gut lumen !2,

The gut microbiota serves as a defense system against pathogens and other disease-causing
agents 1. Furthermore, the gut microbiome plays an important role in host immune development
17 neurogenesis '8, brain development !°, and microglia function in the central nervous system
(CNS) 292! The gut microbiome has also been linked to human neurologic conditions via the
“gut-brain axis >!.” Both Parkinson’s Disease (PD) and Alzheimer’s Disease (AD) have
similarities to prion diseases and involve abnormal protein aggregates and protein misfolding
occurring in the brain, including a conversion of alpha-helical structures to beta-sheet structures
in PD 2226, As a result of these similarities, the “prion hypothesis™ suggests that PD is a prion-
like disease ?7. Studies indicate a critical relationship between the gut microbiota and neurologic
diseases, including PD, AD, amyotrophic lateral sclerosis (ALS), and autism 2!2832, In a 2016
study, alpha synuclein-overexpressing mice (a mouse model for PD) treated with antibiotics had
an altered gut microbiota and exhibited reduced brain pathology and motor deficits, identifying
direct links between alterations in the gut microbiota and brain pathology associated with PD.
Further, microbial colonization of germ-free mice with stool samples from patients with PD
resulted in the disease-typical protein-misfolding-mediated motor deficits 3!. Although there is
growing evidence for the role of gut microbes in neurologic diseases, there has been very little
work examining the role of gut microbiota in prion diseases and no published studies, to our

knowledge, on gut microbial communities and chronic wasting disease.

In this study, we used 16S rRNA gene sequencing to examine the gut microbiota of white-tailed
deer (Odocoileus virginianus) from two deer farms (breeding facilities) that were depopulated
due to the presence of CWD. Additionally, we characterized the gut microbiota of free-ranging

white-tailed deer harvested from Cleveland Metroparks in northeast Ohio as part of its deer
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91  population management program. Based on previous studies that have reported differences in the
92  gut microbiota of wild and captive ruminants, including deer **, we hypothesized that microbial
93  communities would differ between deer by provenance (Farm 1, Farm 2, and Free-ranging) with
94  the greatest differences being observed between farmed and free-ranging deer. Based on studies
95  that have reported alterations in gut microbiota associated with neurologic disease, we
96  hypothesized that we would observe differences in farmed-deer gut microbial communities by
97  CWD status (CWD-positive, CWD non-detect).
98
99  Methods

100  Fecal Sample Collection

101 Per United States Department of Agruculture (USDA) regulations, all deer on Farm 1 (n=101)
102 and Farm 2 (n=30) (Wisconsin, USA) were euthanized after a deer from each farm tested

103 positive for CWD at harvest. Farm 1 was depopulated in May 2018, and Farm 2 was depopulated
104  in May 2019. Post-euthanasia, deer were transported to the Wisconsin Veterinary Diagnostic

105  Laboratory (WVDL) for CWD enzyme-linked immunosorbent assay (ELISA) testing. The

106  WVDL is a National Animal Health Laboratory Network Level 1 laboratory and is accredited by
107  the American Association of Veterinary Laboratory Diagnosticians. Regulatory surveillance

108  samples were shipped to the National Veterinary Services Laboratory (NVSL) for CWD

109  Immunohistochemistry (IHC).

110 Fecal samples were collected digitally from the rectum of all deer and stored on dry ice until they
111 were transferred into a -80°C freezer. Fresh gloves were donned for sampling each deer. Samples
112 remained at -80°C until DNA extraction was performed. All deer carcasses were disposed of
113 after sampling via an alkaline tissue digester at the WVDL. One hundred and one deer were

114  sampled from Farm 1; thirty deer were sampled from Farm 2 (Table 1).
115 Table 1: Farm 1, Farm 2, and Free-Ranging Deer Demographics

116
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Farm 1
CWD Positive | CWD Non-Detect
Total Number of Deer 20 81
Age at Depopulation (mean+SD) | 2.59+1.02 4371343
Sex (n, %)
Female 1(1) 35 (35)
Male 19 (19) 46 (45)
Farm 2
Total Number of Deer 6 24
Age at Depopulation (mean+SD) | 2.76 + 0.39 3.22 + 2.71
Sex (n, %)
Female 0(0) 12 (40)
Male 6 (20) 12 (40)
Free-Ranging Deer Total
Total Number of Deer 100
Age at Depopulation (mean + SD) 1.70 £1.01
Sex (n, %)
Female 50 (50)
117 Male 50 (50)

118  One hundred fecal samples were also obtained from free-ranging white-tailed deer harvested in
119  the Cleveland Metroparks (January — March, 2018; Table 1), as part of a deer population

120  management program that includes regular CWD testing. Cleveland Metroparks deer herds were
121  tested for CWD in 2008 (125 deer), 2011 (53 deer), 2012 (50 deer), 2016 (277 deer), and 2020
122 (135 deer), and none were found to have detectable CWD. Harvested deer were brought to a

123 central location within four hours of death, and a fecal sample was obtained from the rectum of
124 each deer, placed in a sterile plastic bag, and frozen at -20°C. Samples were transferred into a -

125  80°C freezer within 24 hours of collection where they remained until DNA extraction.

126 Samples from deer on Farm 1 and 2 were collected under USDA APHIS permit #136689. Post-
127  mortem collection of feces was deemed exempt by the IACUC.

128

129  CWD Sample Collection and Testing

130  The head was removed from all farmed deer greater than one year of age and the obex region of
131  the brainstem and medial retropharyngeal lymph nodes were collected following USDA APHIS
132 guidelines**. THC and ELISA-based testing for the abnormal prion protein were performed on

133 the dorsal motor nucleus of the vagus nerve in the obex and medial retropharyngeal lymph
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134 nodes. For IHC testing, tissues were preserved in 10% neutral buffered formalin, embedded in
135  paraffin, sectioned at 5 pm, mounted on slides, and examined using IHC with monoclonal

136  antibody (Mab) F99/97.6.1%. Animals were considered CWD-positive if any one of the tissues
137  examined contained detectable PrP“"P. Animals in which tissues did not contain detectable

138  PrP®"P were considered CWD non-detect animals.
139  DNA Extraction, Amplification, and Sequencing

140  DNA extraction on all fecal samples was performed as follows: Approximately 0.25 grams of
141  stool was used for each extraction with QIAamp PowerFecal DNA Kits (Qiagen, Venlo,

142 Netherlands). Following DNA isolation, DNA concentration and purity was measured using a
143 Qubit Fluorometer 4 (Invitrogen, Carlsbad, CA, USA) and a NanoDrop 1000 Spectrophotometer
144  (Thermo Scientific, Waltham, MA, USA), respectively. Ethanol precipitation was performed on
145  all DNA samples from Farm 1 to improve DNA purity using a protocol*® from MRC Holland
146  (Amsterdam, Netherlands). Briefly, 4 ul of sodium acetate and 132 pL of 200 proof ethanol was
147  added to 40 pL of the DNA. This was incubated for 30 minutes at 4°C then centrifuged for 30
148  minutes at 4°C. After removing the supernatant, 250 pL of 70% ethanol was added to the DNA
149  and centrifuged for 15 minutes. The supernatant was again removed and the DNA pellet was
150  resuspended in 40 pL of the C6 elution buffer from the PowerFecal (Qiagen) DNA isolation kits.
151  All DNA samples were submitted for library preparation and 16S rRNA gene sequencing on an
152 Ilumina MiSeq (Farm 1 and Free-ranging: The Ohio State University Molecular and Cellular
153  Imaging Center; Farm 2 samples: Argonne National Laboratory). Earth Microbiome Project

154  primers (515F and 806R) were used to amplify the V4 hypervariable region of the bacterial 16S
155  rRNA gene?’.

156

157  Sequence Processsing and Analysis

158 A total of 231 samples were submitted for sequencing. Raw, paired-end reads were processed
159  and denoised in QIIME2 v. 2020.2°%. Taxonomy was assigned using the SILVA 132 99%

160  amplicon sequence variants (ASVs) database from the 515F/806R classifier*>*°, and samples
161  were filtered at a sequencing depth of 10,000 features. This resulted in the retention of 229

162  samples with the loss of 2 samples — one CWD non-detect male deer from Farm 1 and one CWD

163  non-detect female deer from the free-ranging population. After filtering, 5,803,410 reads from
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164 229 samples were used for analysis (average of 25,342 reads per sample). Reads per sample

165 ranged from 10,049 to 92,179 reads. Alpha (Shannon Diversity Index) and beta diversity were
166  analyzed using QIIME 28, Beta diversity indices were compared using permutational

167  multivariate analysis of variances (PERMANOVA) between weighted and unweighted Unifrac
168  distance matrices. P-values were corrected for multiple comparisons using the Benjamini-

169  Hochberg FDR correction, and values less than 0.05 were considered significant. An analysis of
170  composition of microbes (ANCOM) was used to determine differentially abundant taxa between
171  groups after filtering out taxa that had fewer than 10 reads and taxa that occurred in fewer than
172 two deer. We performed ANCOMs at both the L7 and amplicon sequence variant (ASV) levels.
173 The L7 level is roughly equivalent to a species level while an ASV is roughly equivalent to a
174  bacterial strain and may differ from another ASV by as few as one nucleotide*'. Multiple ASVs
175  may be classified as a single L7 level taxa. However, deeper genome sequencing is necessary for
176  true species and strain differentiation as this is not feasible with amplicon sequencing alone. The
177  single CWD-positive female was not included in statistical analyses comparing CWD-positive
178  and CWD non-detect animals to reduce any confounding introduced by sex. Sequencing data is

179  available at NCBI Bioproject PRINA688284.

180

181  Results

182  Microbial Composition and Diversity by Provenance and Sex

183  When we examined the gut microbiota of all deer (n=229), we found significant differences in
184  gut microbial composition and diversity by provenance (Farm 1, Farm 2, Free-ranging), with
185  farmed deer having greater microbial diversity than free-ranging deer (Unweighted UniFrac
186 PERMANOVA p = 0.001, Shannon Diversity Index ¢ = 6.5 x 10"!!, Weighted UniFrac

187 PERMANOVA p =0.001; Fig. 1a, b, Supp. Fig. 1a). Moreover, farmed deer from both farms
188  had more similar gut microbiota to each other than to free-ranging deer (Farm 1 to Farm 2

189  pseudo-F =9, q=0.001; Farm 1 to Free-ranging pseudo-F =38, q = 0.001; Farm 2 to Free-
190  ranging pseudo F =18, q = 0.001; Fig. 1¢).

191

192 To identify microbial taxa that were differentially abundant between farmed and free-ranging
193 deer, we combined all deer from Farm 1 and 2 — excluding CWD-positive deer — and compared

194  these against the free-ranging deer. Through an ANCOM at the L7 (roughly species) level, we
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identified 82 taxa that were differentially abundant (Supp. Table 1). Twenty-six of these taxa
were in the order Bacteroidales (phylum Bacteroidetes) and seven of these were in the family
Prevotellaceae. The vast majority of the Bacteroidales taxas (22 of 26) were significantly
increased in the farmed deer. On the other hand, free-ranging deer had significantly greater
abundances of taxa (25 of 38) in the Clostridiales order (phylum Firmicutes), all of which were
in the Ruminococcaceae and Lachnospiraceae families. Based on these results, we decided to
compare log Firmicutes:Bacteroidetes (F:B) ratios for farmed and free-ranging deer. Log F:B
ratios are associated with dietary energy harvest and higher ratios indicate greater energy
extraction*>~**, We found significantly higher F:B ratios in the free-ranging deer as compared to
the farmed deer (Log F:B ratios (mean + SE), Free-ranging: 0.39 + 0.03; Farmed: 0.08 £ 0.02;
Krustkal-Wallis p < 0.0001).

We also discovered significant differences in microbial composition but not diversity by sex on
Farm 1 and in free-ranging deer (CWD non-detect deer only; Farm 1: Unweighted UniFrac
PERMANOVA p = 0.008, Shannon Diversity Index p = 0.34, Weighted UniFrac PERMANOVA
p = 0.003; Free-ranging: Unweighted UniFrac PERMANOVA p = 0.018, Shannon Diversity
Index p = 0.53, Weighted UniFrac PERMANOVA p = 0.066; Fig. 2a, b, Supp. Fig. 1b). No
significant differences in microbial composition or diversity were detected by sex on Farm 2
(CWD non-detect deer only; Farm 2: Unweighted UniFrac PERMANOVA p = 0.179, Shannon
Diversity Index p = 0.15, Weighted UniFrac PERMANOVA p = 0.115; Fig. 2a, b, Supp. Fig.
1b. There were also no differentially abundant microbial taxa detected by sex on Farm 2.
However, on Farm 1, we identified a single taxa that was significantly increased in males. This
was an uncultured bacterium from the order Bacteroidales, family RF16 (ANCOM, L7 - roughly
species level, W = 626). In the free-ranging deer population, there were multiple differentially
abundant taxa by sex, with the two most differentially abundant including a microbe in the
genera Oscillibacter and a microbe in the family Lachnospiraceae, genera GCA-900066575.

Both of these taxa were significantly increased in males (Supp. Table 2).

Microbial Composition and Diversity by CWD Status
Based on the microbial composition differences observed by sex and the fact that there was only

one CWD-positive female in the entire data set, we opted to analyze only male deer in relation to
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226  CWD status. The single CWD-positive female deer was still included in data visualizations.

227  Microbial composition differed significantly in CWD-positive deer on both farms (Males only;
228  Farm 1: Unweighted UniFrac PERMANOVA p = 0.003 Weighted UniFrac PERMANOVA p =
229  0.011; Farm 2: Unweighted UniFrac PERMANOVA p = 0.003, Weighted UniFrac

230 PERMANOVA p =0.002; Fig. 1a, Supp. Fig. 1a). Increased microbial diversity (Shannon

231  Index), although not significant, was also observed in CWD-positive males on both farms (Farm
232 1 p=0.07; Farm 2 p = 0.26; Fig. 2b).

233

234  We further discovered several differentially abundant microbes at the L7 and ASV levels

235  between CWD-positive and CWD non-detect males on both farms. (Note, multiple ASVs may be
236  classified as a single L7, roughly species level, taxa.) On Farm 1, at the L7 level, multiple taxa
237  were differentially abundant between CWD-positive and CWD non-detect males, the top four of
238  which included: an uncultured bacterium from the class Bacilli (formerly Mollicutes), order

239  RF39, increased in CWD-positive males (ANCOM W = 80; Fig. 3a); an uncultured Paludibacter
240  species increased in non-detect males (ANCOM W = 54); an uncultured bacterium in the order
241  Gastranaerophilales also increased in non-detect males (ANCOM W = 34); and a microbe in the
242 family Lachnospiraceae UCG-10 increased in CWD-positive males (ANCOM W = 28; Fig. 3¢)
243 (Supp. Table 3). (ANCOM W values represent the number of times the null hypothesis is

244  rejected in pairwise comparisons of microbial species ratios between groups. In other words, for
245  the Bacilli RF39 L7 level taxa, the null hypothesis was rejected 80 times when comparing

246  microbial species ratios between CWD positive and non-detect animals.)

247

248  On Farm 2, at the L7 level, two microbes were found to be differentially abundant. Both were
249  increased in CWD-positive males and included a unidentified rumen bacterium from the class
250  Bacilli, order RF39 (ANCOM W = 132; Fig. 3b) and a microbe from the family

251  Lachnospiraceae UCG-10 (ANCOM W = 115; Fig. 3¢). On Farm 2, multiple ASVs were also
252  differentially abundant (Supp. Table 4), the top three of which, all increased in CWD-positive
253  males, were an ASV from the class Bacilli (formerly Mollicutes), order RF39 (ANCOM W =
254  132; Fig. 3e), an ASV from the family Lachnospiraceae UCG-10 (ANCOM W = 176; Fig. 3f),
255  and an uncultured ASV from the family Akkermansia (ANCOM W = 90; Fig. 3g). On Farm 1, at
256  the ASV level, only one microbe was found to be differentially abundant: an ASV in the
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257  Akkermansia family which was increased in CWD-positive males (ANCOM W = 1958; Fig. 3h).
258  Akkermansia taxa at the L7 level were not differentially abundant on either farm (Fig. 3d).

259

260  Discussion

261  In this study, we used 16S rRNA gene sequencing to compare the gut microbiota of farmed and
262  free-ranging white-tailed deer (Odocoileus virginianus). We hypothesized that deer gut

263  microbiota would differ by provenance (Farm 1, Farm 2, and Free-ranging) and disease status
264  (CWD-positive, CWD non-detect). Indeed, microbial composition and diversity did vary with
265  provenance. Moreover, composition but not diversity varied with sex (Farm 1 and Free-ranging
266  only) and with CWD status (Farm 1 and Farm 2).

267

268  Drivers of microbial community composition by provenance

269  Multiple factors could contribute to the gut microbial differences we observed based on

270  provenance, including diet, spatial proximity, host genetics, and biogeography. Diet is one of the
271  main factors that influences gut microbial composition and diversity**®. The free-ranging deer
272 in this study had diets that primarily consisted of browse, small plants, shrubs, grasses and

273 occassional agricultural, landscaping, and garden plants*’. The farmed deer had access to

274  pastures and were also fed a variety of commercial deer feeds, grains, hay, and supplemental
275  items, including peanuts, roasted soybeans, and dandelions. As diets differed between farmed
276  and free-ranging deer, it was not surprising that farmed and free-ranging deer had significantly
277  different microbial communities or that there were significant differences in gut microbiota

278  between the two farms with different feeding regimens. Multiple previous studies have also

48-50

279  reported gut microbial differences between wild and captive animals**>?, including

280  ruminants33-!,

281

282  Spatial proximity (or social interaction) has also been shown to influence the gut microbiota in
283  other species: individuals with more contact share more similar gut microbiota®. Farmed deer
284  sharing the same pen are likely to have increased direct and indirect contact with each other
285  while free-ranging deer within the same herd (typically matrilineal family groups or bachelor
286  herds) will also have more contact with each other than with non-herdmates. Host genetics can

287  also play a role in shaping the gut microbiome™?; although, these effects are subtle compared to
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288  other environmental factors>*, and one previous study on white-tailed deer, albeit small (n=66),
289  did not find any significant effects of host genetic relatedness on the gut microbiota*. Both

290  farms in this study were breeding facilities and maintained a number of genetically related

291  animals. During breeding season, a single male was commonly penned with 10-12 females for
292  breeding. Breeders that produced high quality traits might be maintained at the farm for multiple
293  seasons, generating several years of related offspring. Biogeography — including factors like

294  habitat or soil type and water source — could also uniquely influence the gut microbiota of deer at
295  each location®.

296

297  We hypothesized that deer gut microbial communities would differ by provenance. Specifically,
298  we predicted that based on differing diets, host genetics, and biogeography, we would observe
299  distinct microbial signatures in deer from each location (Farm 1, Farm 2, Free-ranging) (Fig. 1a).
300  We further predicted that within locations, farmed deer would have more similar (less distant)
301  microbiota due to more regulated diets and more limited “home ranges” as compared to free-
302  ranging deer (Fig 1¢, Farm 1 to Farm 1, Farm 2 to Farm 2, Free-ranging to Free-ranging).

303  Finally, we hypothesized that the greatest differences in microbial communities would be

304  observed between farmed and free-ranging deer since farmed deer generally share more similar
305  diets (formulated commercial feeds, grains, hay, pasture) than free-ranging deer (Fig. 1¢, Farm 1
306 to Farm 2, Farm 1 to Free-ranging, Farm 2 to Free-ranging). Our results supported each of these
307  predictions. Although we cannot parse the individual effects of diet, spatial proximity, host

308  genetics, and biogeography in this data set, the differentially abundant taxa identified between
309 farmed and free-ranging deer strongly support a role for diet as a key driver of the microbial

310 community differences we observed. Free-ranging deer consume a plant and fiber-rich diet full
311  of shrubs and browse, while farmed deer consume a starchier diet of grains and commercial feed
312 in addition to pasture and hay. Microbial taxa in the Lachnospiraceae and Ruminococcaceae
313 families were increased in abundance in the free-ranging deer, while Bacteroidales taxa, like
314 Prevotellaceae, were increased in the farmed deer (Supp. Table 1). Lachnospiraceae and

315 Ruminococcaceae taxa are associated with plant-rich diets, and these taxa metabolize plant

30,5657 Bacteroidales and Prevotellaceae are more

316  materials such as cellulose and hemiceullulose
317  commonly associated with starch consumption, and in ruminants, Bacteroidales, including

318  Prevotella, increase in animals on concentrate / grain diets>%38-60,
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319

320  Firmicutes:Bacteroidetes ratios also indicated diet as a driver of differing microbial compositions
321  between farmed and free-ranging deer. Free-ranging deer exhibited higher F:B ratios, which are
322  associated with increased energy extraction*? and ferementation efficiency. In humans, increased
323  F:Bratios are associated with obesity; in farmed ruminants, increased F:B ratios are positively

324  correlated with average daily gain 4>43

. In foregut-fermenting primates (which have ruminant-
325  like digestion), wild primates exhibited higher F:B ratios than captive primates **. This was

326 attributed to the need for the wild primates to maximize energy extraction from “low-quality”
327  food items such as fibrous plants, bark, and seeds, while captive primates, with “high quality”
328  diets rich in soluble carbohydrates, were less dependent on efficient energy harvest**. Similarly,
329  free-ranging deer gut microbiota may maximize energy extraction from a fibrous browse diet,
330  while the grain-rich diets of farmed deer reduce the need for fermentation efficiency and create a
331 niche for microbial taxa capable of metabolizing soluble starches and sugars. Taken together, our
332 results suggest that diet is playing a key role in the microbial differences we observe by

333  provenance.

334

335  Microbial community structure by sex

336  Interestingly, we also identified microbial composition differences by sex on Farm 1 and in free-
337  ranging deer. This analysis only included CWD non-detect farmed deer. No differences in

338  microbial composition by sex were observed on Farm 2; however, Farm 2 had the smallest

339  sample size (n=18 males, 12 females) which may have limited our power to detect these

340  differences. Microbial community structure alterations associated with sex could be attributed to
341  anumber of factors, including differential feeding by sex or hormonal influences on the gut

342  microbiome. We received anecdotal reports of differential feeding by sex on Farm 1 based on
343 deer breeding and growth requirements. While we did not characterize the diet of free-ranging
344  deer by sex in this study, a previous study on wild sheep reported differential feeding between
345  males and females, leading to differences in gut microbiota composition between the sexes ¢!. A
346  separate study on white-tailed deer reported that, in winter, female deer in the Midwest

347  consumed more grass (higher quality feed) and less browse than male deer ®2. Our samples were
348  also collected from free-ranging deer in the Midwest during winter; thus, differential feeding

349  could contribute to the microbial differences we observed between sexes. Male and female deer
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350  also maintain different home ranges %, which can differ in vegetation — further driving potential
351  dietary differences by sex.

352

353  Besides diet, breeding hormones have been linked to gut microbial changes in wild animals,

354  including ground squirrels (Spermophilus dauricus)®* and black rhino (Diceros bicornis)®. 1t is
355  thus possible that hormones are influencing gut microbiota in male and female white-tailed deer.
356  Free-ranging deer were sampled January through March which corresponds to estrous cycling or
357  pregnancy in females and post-rut (declining testosterone levels) in males®®. Notably, our results
358  contrast with a 2017 study on white-tailed deer that observed no differences in microbial

359  composition between sexes; although, sampling season differed between our studies, as the 2017
360  study sampled deer in March and June “°.

361

362  Differentially abundant taxa between male and female deer included a microbe in the order

363  Bacteroidales, family RF16 - increased in males on Farm 1; and microbes in the genera GCA-
364 900066575 (family Lachnospiraceae) and Oscillibacter - both increased in free-ranging males.
365  Bacteroidales and Lachnospiraceae taxa, discussed above, have ties to diet and energy

366  extraction. Oscillibacter species increase in humans on diets high in resistant starch and low in
367  carbohydrates ¢, which is consistent with the browse-rich winter diet of free-ranging male deer
368 92, These differentially abundant taxa underscore the role of diet in microbial community

369  differences observed by sex.

370

371  Chronic wasting disease and the gut microbiota

372 On both farms, we observed significant differences in microbial composition in CWD-positive
373  deer as compared to non-detect deer. Twenty-five of the 26 total CWD-positive deer across both
374  farms were male. Previous studies in wild deer have reported that CWD prevalance is two times
375  higher in males, and that males have a threefold greater risk of CWD infection as compared to
376  females 8. These differences in infection risk and prevalence by sex are thought to be linked to
377  increased CWD transmission amongst male social groups outside of breeding season %8,

378  Alternately, models of CWD outbreaks in captive deer predict that density-dependence and

379 indirect transmission ® play an important role in CWD spread. On at least one of the farms in

380 this study (Farm 1), male deer were penned with females during rut (fall) and then separated into
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381  bachelor herds for the remainder of the year. As such, both transmission through male social

382  groups and indirect, density-dependent transmission (in bachelor pens) could have played a role
383  in the predominantly male infections observed in farmed deer. Because of this skew by sex, we
384  opted to analyze only males in relation to CWD status. This within-farm, male-only analysis

385  mitigated potential gut microbial confounders, including sex, diet, and biogeography.

386

387  Differentially abundant microbial taxa common across both farms and increased in CWD-

388  positive animals included: two different microbes in the class Bacilli, order RF39 (formerly

389  Mollicutes RF39) — one increased on Farm 1 and one increased on Farm 2; a microbe in the

390  family Lachnospiraceae UCG-10; and two different ASVs in the Akkermansia family — one

391 increased on Farm 1, and one increased on Farm 2 (Fig. 3). The fact that these three taxa (RF39,
392 Lachnospiraceae UCG-10, Akkermansia) emerged as CWD-associated on two independently run
393  farms over 100 miles apart is intriguing and merits further attention. In a previous study, RF39
394  was found to be increased in a mouse model of the relapse-remitting form of multiple sclerosis
395  (MS)7° which is a disease that shares many features with prion diseases, including CJD 7!, Taxa
396 in the Bacilli (formerly Mollicutes) class have been associated with CWD in other studies 2.

397  Specifically, Bastian et al. reported the presence of Spiroplasma DNA in the brains of eight out
398  of ten sheep with scrapie, six out of seven cervids with CWD, and two humans with CJD 72, All
399  matched normal sheep, cervid, and human brains were negative for Spiroplasma DNA. However,
400  no Spiroplasma could be detected in a hamster model of scrapie 7°. Further, Bastian et al.

401  induced spongiform changes in the brains of deer, sheep, and goats inoculated intracranially with
402  Spiroplasma species 7*. This could not be replicated in a subsequent study on neonatal goats 7>;
403  although, differences in methodology between the studies was noted. Spiroplasma species are
404  not in the order RF39.

405

406  Besides RF39, we also observed an increase in Lachnospiraceae UCG-010 in CWD-positive
407  animals on both farms at the L7 level (Fig. 3b, ¢). Lachnospiraceae taxa have been reported in
408  other studies on wild and captive deer gut microbiota ’®"7. Lachnospiraceae has also been noted
409  in association with neurologic diseases. However, it is decreased, rather than increased, in

410  several studies on Parkinson’s disease (PD), and this decreased abundance is associated with

411  more severe cognitive and motor impairments ’®7°, Decreases in Lachnospiraceae have also
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412  been observed in Alzheimer’s Disease (AD) and amyotrophic lateral sclerosis (ALS) 2839,

413  Moreover, multiple studies highlight the ability of Lachnospiraceae species to produce butyrate
414  which helps maintain the epithelical barrier 32, However, Lachnospiraceae family taxa have

415  also been associated with type 2 diabetes * and intestinal inflammation®3.

416
417  Like Lachnospiraceae, Akkermansia taxa are commonly associated with health®* and even touted
418  as promising probiotics #*%%; although, more recent evidence has promoted caution in defining

419  Akkermansia as exclusively a “good bug” 8. In fact, the mucin-degrading Akkermansia is

420  reportedly increased in multiple neurologic diseases, including PD, multiple sclerosis, and AD
421 328790 although it has also been shown to reduce pathological alterations (amyloid beta-protein
422 accumulation) and cognitive impairments in one mouse model of AD °!. Akkermansia has

423 additionally been associated with fasting or malnutrition, as it can utilize host mucin as its sole
424  energy source while other microbes require dietary substrates consumed by the host %2, A

425  single Akkermansia ASV was significantly increased on Farm 1, while a different Akkemansia
426  ASV was increased on Farm 2 (Fig. 3a,b,g,h), suggesting potential species or strain differences
427  in these taxa by Farm. Future work with deeper sequencing is necessary to assess true species
428  and strain level differences between farms.

429

430  We hypothesized that we would observe differences in gut microbial communities by CWD
431  status, and our results support this hypothesis. However, how and why these three taxa (RF39,
432 Lachnospiracea UCG-010, Akkermansia) are associated with CWD are the next important

433 questions to answer. Do these taxa contribute to a gut environment that is more permissive to
434  orally-ingested prions? Akkermansia, for example, can degrade mucin, thinning the protective
435  mucus barrier that lines the gut. In concert with a pro-inflammatory Lachnispiraceae species,
436  these microbes could create an inflammatory environment that induces colonic M-cells 141593,
437  enhancing susceptibility to prion disease **. Gut inflammation has also been linked to the

438  progression of neurodegenerative disease including AD and PD 3°32, Alternately, are these taxa
439  increased as a result of prion disease? Early clinical signs of CWD can include behavioral and
440  locomotive changes followed by eventual wasting and weight loss!. Subtle behavioral changes
441  could conceivably alter diet and drive dietary differences in the gut microbiota between deer with

442  and without CWD. Akkermansia can also thrive in the face of malnutrition as it only needs host
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443  mucin to survive; therefore, Akkermansia could increase in a host that is consuming less food.
444  Finally, could these taxa be providing protective effects in the presence of a prion disease? This
445  seems less likely from an evolutionary perspective, but Lachnospireacea and Akkermansia are
446  associated with many health benefits, and increased relative abundances of these species are

447  associated with protection against metabolic diseases and reduced pathological changes in AD
448 2882869195 Bacilli (e.g. RF39 - formerly in phylum Tenericutes, now in Firmicutes) have also
449  been posited to play a protective role in the gut as they are decreased in relative abundance in the
450  presence of DSS-colitis . It is important to note that all three taxa were also observed in the
451  free-ranging deer at varying and often comparable levels to the levels observed in CWD-positive
452  farmed deer (Fig. 3). Given the significant differences in microbial composition and diversity
453  between farmed and free-ranging deer, these results are more challenging to interpret but suggest
454  that, while the differentially abundant taxa in CWD-postive animals may play a role in CWD
455  pathogenesis, these results need to be interpreted carefully and within context.

456

457  This study represents the first investigation, to our knowledge, of white-tailed deer gut

458  microbiota in relation to CWD. We acknowledge several limitations to the present study. First,
459  while our results suggest that differential diets are the major driver of microbial community

460 differences by provenance and sex, we cannot explicitly rule out the potential effects of spatial
461  proximity, host genetics, or biogeography. Second, as farmed and free-ranging deer had

462  significantly different microbial communities, we cannot be certain that microbial composition
463  differences observed in farmed deer based on CWD-status are generalizable to free-ranging deer.
464  Third, the free-ranging deer in this study were not explicitly tested for CWD but were presumed
465 CWD non-detect based on extensive CWD testing on Cleveland Metroparks deer herds in years
466  antecedent and subsequent to 2018. Further, until December 2020, CWD had never been

467  detected in any free-ranging deer in the state of Ohio. Fourth, microbial composition is not

468  representative of microbial function 7, and future studies using shotgun metagenomics and

469  metabolomics are warranted to capture function. Fifth, while Akkermansia, RF39, and

470  Lachnospiraceae UCG-010 are associated with CWD, further work is needed to clarify if these
471  differences preceded or succeeded disease. Finally, fecal samples from Farm 1 and free-ranging
472  deer underwent library preparation and sequencing on an Illumina MiSeq at The Ohio State

473  University Molecular and Cellular Imaging Center, while fecal samples from Farm 2 underwent


https://doi.org/10.1101/2021.01.11.426270
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.01.11.426270; this version posted January 11, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

474  library preparation and sequencing on an Illumina MiSeq at Argonne National Laboratory. While
475  differences between laboratories and sequencing facilities can lead to differing results in

476  microbiome studies %, we limited these effects by using the same methodology and kits (Qiagen
477  PowerFecal) for all DNA extractions, the same region and primers for sequencing (V4 -515F and
478  806R), and all sequencing data was combined and underwent sequence processing and taxonomy
479  assignment together. Further, our results by sex and CWD status would not be affected, as these
480  results were analyzed independently for each location (Farm 1, Farm 2, Free-ranging).

481

482  In conclusion, we report differences in gut microbiota in white-tailed deer by provenance (Farm
483 1, Farm 2, Free-ranging), sex, and CWD status. Differences by provenance and sex are likely
484  driven by diet, while differences by CWD status are more challenging to interpret and include
485 increased abundances of Akkermansia, Lachnospireacea UCG-010, and RF39 taxa in CWD-

486  positive deer. Priorities for future research include determing how these taxa play a role in CWD
487  susceptibility or pathogenesis, characterizing the gut microbiota of free-ranging cervids with

488  CWD, and assessing M-cell presence and abundance in CWD-positive and CWD non-detect

489  animals to elucidate potential relationships between gut microbiota, M-cells, and chronic wasting
490  disease.
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746  Figure 1 — Microbial composition and diversity by provenance

747 a) Microbial composition (Unweighted UniFrac) differed significantly by provenance
748 (PERMANOVA p =0.001). Farm 1 deer are featured in green circles and red diamonds.
749 Farm 2 deer are featured in blue circles and yellow diamonds. Free-ranging deer are
750 featured in purple circles.
751 b) Microbial diversity as measured by the Shannon Diversity Index differed significantly by
752 provenance (p = 6.5 x 107'1). All pairwise comparisons *p < 0.001.
753 c) Farmed deer have more similar microbial communities to each other than to free-ranging
754 deer (Unweighted UniFrac pairwise PERMANOVA: Farm 1 to Farm 2 pseudo-F =9, q =
755 0.001; Farm 1 to Free-ranging pseudo-F = 38, q = 0.001; Farm 2 to Free-ranging pseudo
756 F =18, q=0.001;).
757
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758  Figure 2 — Microbial composition and diversity by sex

759 a) Gut microbial composition (unweighted UniFrac) differed significantly by sex on Farm 1
760 (PERMANOVA p = 0.008) and in Free-ranging deer (PERMANOVA p = 0.018), but not
761 on Farm 2 (PERMANOVA p =0.179). Farm 1 = green. Farm 2 = blue. Free-ranging =
762 purple. Males = circles. Females = diamonds.
763 b) Microbial diversity as measured by the Shannon Diversity Index did not differ
764 significantly by sex (Farm 1: p = 0.34, Farm 2: p = 0.15, Free-ranging: p = 0.53) or CWD
765 status (Farm 1: p = 0.07, Farm 2: 0.26).
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767  Figure 3 — Differentially abundant microbial taxa by CWD Status

768 Differentially abundant taxa by CWD Status, including a) an L7 (roughly species) level
769 taxa in the Bacilli class, order RF39, b) a second L7 level taxa in the Bacilli class, order
770 RF39, c¢) an L7 level taxa in the Lachnospiraceae UCG-10 family, d) an L7 level taxa in
771 the Akkermansia family, ) an ASV (roughly strain level) in the Bacilli class, order RF39
772 (formerly Mollicutes RF39), f) an ASV in the Lachnospiraceae UCG-10 family, g) an
773 ASV in the Akkermansia family, h) a second ASV also in the Akkermansia family. Free-
774 ranging deer (all male) did not contain any reads of the Bacilli RF39 or Akkermansia (2)
775 ASVs.
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776  Supplemental Figure 1 — Microbial composition by provenance and sex:
777 a) Microbial composition (weighted UniFrac) differed significantly by provenance
778 (PERMANOVA p =0.001). Farm 1 deer are featured in green circles and red diamonds.
779 Farm 2 deer are featured in blue circles and yellow diamonds. Free-ranging deer are
780 featured in purple circles.
781 b) Gut microbial composition (weighted UniFrac) differed significantly by sex on Farm 1
782 (PERMANOVA p = 0.003), trended toward significance in free-ranging deer
783 (PERMANOVA p = 0.066), but did not differ significantly on Farm 2 (PERMANOVA p
784 =0.115). Farm 1 = green. Farm 2 = blue. Free-ranging = purple. Males = circles. Females
785 = diamonds
a) Axis 2 (14%) b) Axis 2 (14%)
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Supplemental Table 1: Differentially abundant taxa (ANCOM) between farmed and free-
ranging white-tailed deer.

Increased Reject null
Microbial Taxa inFree- | W N
N hypothesis
Ranging
D_0_ Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__L i D_5_| i i group;D_6_uncultured
bacterium YES 606 TRUE
D_0_ Bacteria;D_1_ Firmicutes;D_2_ Clostridia;D_3__Clostridiales;D_4__Lachnospi ;D_5_ Roseburia; YES 603 TRUE
D_0_ Bacteria;D_1_ Bac D_2_| ;D_3_ D4_| RF16 group; NO 602 TRUE
D_0_ Bacteria;D_1_ Bac D 2 | ;D_3_ D_4_ Prey ;D_5_ Prevotellaceae UCG-001;0_6__uncultured bacterium | VES 602 TRUE
D_0_ Bacteria;D_1_ Firmicutes;D_2__ Clostridia;D_3__Clostridiales;D_4_ L i ;D_5_L i UCG-007;D_6__uncultured bacterium YES 602 TRUE
D_0_ Bacteria;D_1_| D_2_ ia;D_3_| D 4| A YES 602 TRUE
D_0_ Bacteria;D_1_Bacteroidetes;D_2__Bacteroidia;D_3__Bacteroidales;D_4__Prevotellaceae;D_5__Prevotellaceae UCG-003;D_6__uncultured
Bacteroidales bacterium NO 599 TRUE
D_0_ Bacteria;D_1_ Firmicutes;D_2_ Clostridia;D_3__Clostridiales;D _4_ L i D_5_A ;D_6_uncultured bacterium YES 594 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Negativicutes;D_3_: D_4__Acidami D_5_Pl D_6__uncultured
Veillonellaceae bacterium NO 591 TRUE
D_0_ Bacteria;D_1_ Firmicutes;D_2_ Clostridia;D_3__ Clostridiales;D_4__ Rumi ;D_5_| UCG-005;D_6_ YES 588 TRUE
D_0_ Bacteria;D_1_ D_2_ ;D3 D_4_ D_5__Treponema 2;D_6__uncultured bacterium NO 588 TRUE
D_0_ Bacteria;D_1_Firmicutes;D_2_ Clostridia;D_3__Clostridiales;D_4__Rumi D_5_ Oscill D_6__uncultured bacterium YES 587 TRUE
D_0_ Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4_L i ;D_5_L i FC5020 group;D_6__uncultured
bacterium YES 586 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Erysipelotrichia;D_3__Erysipelotri D_4_Erysi ;D_5__Candidatus ;D_6_uncultured
bacterium YES 585 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Negativicutes;D_3_: D_4__Acidami D_5_Pl D_6__uncultured
bacterium YES 585 TRUE
D_0_ Bacteria;D_1_ Firmicutes;D_2_ Clostridia;D_3__Clostridiales;D _4_ L i ;D_5_/ D_6__uncultured bacterium YES 581 TRUE
D_0_ Bacteria;D_1__Firmicutes;D_2__ Clostridia;D_3__Clostridiales;D_4_ L i ;D_5_L i UCG-001;D_6__uncultured
Lachnospiraceae bacterium YES 580 TRUE
D_0_ Bacteria;D_1_ Bac D_2_| ;D_3_| D_4__ Marinifilaceae;D_5__ Butyricimonas; _ NO 572 TRUE
D_0_Bacteria;D_1_ Bacteroidetes;D_2_| ;D_3__Bact D_4_| RF16 group; D_5__uncultured bacterium;D_6__uncultured
bacterium NO 571 TRUE
D_0_ Bacteria;D_1_ Firmicutes;D_2_Clostridia;D_3__ Clostridiales;D_4__ Rumi ;D_5__Rumi UCG-002;D_6__uncultured bacterium NO 563 TRUE
D_0_ Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__L i D_5_| i group;D_6__uncultured rumen
bacterium YES 562 TRUE
D_0__Bacteria;D_1__Pi ;D_2_D: D_3__D: ibri D_4__D: ibri D_5__Mailhella;D_6__uncultured
i NO 562 TRUE
D_0_ Bacteria;D_1_Bacteroidetes;D_2__Bacteroidia;D_3__Bacteroidales;D_4__Prevotellaceae;D_5__Prevotellaceae Ga6A1 group;D_6__uncultured
bacterium YES 560 TRUE
D_0_Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Rumi D_5__Rumi UCG-005;D_6__uncultured rumen
bacterium YES 560 TRUE
D_0_ Bacteria;D_1_ Firmicutes;D_2_ Clostridia;D_3__ Clostridiales;D_4__ Rumi D_5_ Rumi UCG-013; YES 559 TRUE
**D_0_ Bacteria;D_1__F ;D_2__Bacill;D_3_Izi _4__uncultured D_5__uncultured ium;D_6__uncultured
bacterium NO 556 TRUE
D_0_ Bacteria;D_1__Acti ia;D_2_ Acti ia;D_3_Bifi D_4_Bifi i D_5_ Aeri ia;D_6__uncultured bacterium NO 555 TRUE
D_0_ Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D_3__Bacteroidales;D_4__Bamesiellaceae;D_5__uncultured;D_6__uncultured Porphyromonadaceae
bacterium NO 555 TRUE
D_0_ Bacteria;D_1_ Firmicutes;D_2_ Clostridia;D_3_ Clostridiales;D_4_| ;D_5__ Negativibacillus;D_6__uncultured bacterium NO 552 TRUE
D_0_ Bacteria;D_1_ Firmicutes;D_2_ Clostridia;D_3__ Clostridiales;D_4__ Rumi ;D_5__Rumi UCG-002; NO 552 TRUE
D_0_ Bacteria;D_1_ Firmicutes;D_2__ Clostridia;D_3_ C D 4_| D_5_| D_6__uncultured bacterium YES 545 TRUE
D_0_ Bacteria;D_1_ Bacteroidetes;D_2__Bacteroidia;D_3__Bacteroidales;D_4__Bamesiellaceae YES 543 TRUE
D_0__ Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4_| ;D_5_| i group;D_6_
rumen bacterium NO 543 TRUE
D_0__Bacteria;D_1__P iD_2__( D3| iales;D_4_{ i D_5_| D_6_uncultur
ed Burkholderiales bacterium NO 543 TRUE
D_0_ Bacteria;D_1_ Firmicutes;D_2_ Clostridia;D_3__Clostridiales;D_4__Lachnospi ;D_5__Dorea;D_6__uncultured Lacl bacterium NO 541 TRUE
D_0_ Bacteria;D_1_ Firmicutes;D_2__ Clostridia;D_3__Clostri D4_L D_5_ Marvi L YES 533 TRUE
D_0_Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Rumi D_5__Rumi NK4A214 group;D_6__uncultured
bacterium YES 529 TRUE
D_0_ Bacteria;D_1_Firmicutes;D_2__ Clostridia;D_3__Clostridiales;D_4__Family XI11;D_5__Family XIl AD3011 group; _ NO 522 TRUE
D_0_ Bacteria;D_1_ Bacteroidetes;D_2_ Bacteroidia;D_3__Bacteroidales;D_4__uncultured; NO 521 TRUE
D_0_ Bacteria;D_1_ Firmicutes;D_2_ Clostridia;D_3__Clostridiales;D_4__Family XI1;D_5__Mogibacterium;D_6__uncultured rumen bacterium NO 521 TRUE
D_0_ Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__C D_4_L D_5_| group;D_6__uncultured
bacterium NO 515 TRUE
D_0_ Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__C D.4_L D_5_L NK4A136 group;D_6__uncultured
L i bacterium YES 514 TRUE
D_0_ Bacteria;D_1_ Bac D_2_| ;D_3_ D_4_| 5 D_6__uncultured
bacterium NO 513 TRUE
D_0_ Bacteria;D_1_ Firmicutes;D_2__ Clostridia;D_3_ C D 4| D_5_| UCG-005;__ YES 512 TRUE
D_0_ Bacteria;D_1_ Firmicutes;D_2_ Clostridia;D_3__ Clostridiales;D_4_Lachnospiraceae;D_5_ Blautia; _ YES 506 TRUE
D_0_ Bacteria;D_1_Bac D_2_| ia;D_3_| D_4_uncultured;D_5__uncultured Bacteroidales bacterium;D_6__uncultured
Bacteroidales bacterium NO 505 TRUE
D_0_ Bacteria;D_1_Bac D_2_| ia;D_3_| D4_| ;D_5_| D_6__uncultured bacterium NO 503 TRUE
D_0__Bacteria;D_1__P ;D 2 ia;D_3_/ D_4_Succini D_5_ ibrio;D_6__uncultured
Succinivibrio sp. NO 500 TRUE
D_0_ Bacteria;D_1_ Bac D2 | ;D_3_| ) 4_| D5_ ;_ YES 499 TRUE
_Bacteria;D_1_Firmicutes;D_2__ Clostridia;D_3_Clostridi i GCA-9 575;D_6__uncultured bacterium YES 499 TRUE
_Bacteria;D_1_ Firmicutes;D_2_ Clostridia;D_3_Cl L YES 496 TRUE
D_0_ Bacteria;D_1_ Bac D_2_| ;D_3_| __Prevotellaceae UCG-003; NO 495 TRUE
D_0_ Bacteria;D_1_Bac D_2_| ;D_3_| D_4_Ri D_5__Alistipes;D_6__uncultured Bacteroidetes bacterium NO 495 TRUE
D_0_ Bacteria;D_1_Bac D_2_| D_3_| D_4_| _5_Rikenellaceae RC9 gut group;D_6__uncultured
Bacteroidales bacterium NO 493 TRUE
D_0_ Bacteria;D_1_ Firmicutes;D_2_ Clostridia;D_3_ C D 4| D_5_| 1,D6_| NO 492 TRUE
D_0_ Bacteria;D_1_Bac D_2_| ;D_3_| D_4__Paludibacteraceae;D_5__uncultured;D_6__uncultured Paludibacter sp. NO 489 TRUE
**D_0_ Bacteria;D_1__Firmicutes;D_2__Bacill;D_3__EMP-G18;D_4__uncultured Bacilli bacterium;D_5__uncultured Bacili bacterium;D_6__uncultured
Bacilli bacterium NO 487 TRUE
D_0_ Bacteria;D_1_ Bacteroidetes;D_2__Bacteroidia;D_3__Bacteroidales;D_4__Rikenellaceae;D_5__Rikenellaceae RC9 gut group;__ NO 485 TRUE
D_0_ Bacteria;D_1_ Firmicutes;D_2_ Clostridia;D_3__Clostridiales;D_4_ L i ;D_5_A ;D_6__uncultured bacterium NO 485 TRUE
D_0_ Bacteria;D_1_ Bac D_2_| ;D_3_i D_4__Marinifilaceae;D_5__Oi ;D_6_uncultured
bacterium NO 484 TRUE
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Supplemental Table 1 Continued: Differentially abundant taxa (ANCOM) between farmed and
free-ranging white-tailed deer.

Increased Reject null
Microbial Taxa inFree- | W .
Ranging hypothesis
D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D_3__Bacteroidales;D_4__Prevotellaceae;D_5__Prevotellaceae NK3B31 group;D_6__uncultured
bacterium NO 484 TRUE
D_0_ Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4 _Ruminococcaceae;D_5__Ruminococcaceae UCG-004;D_6__uncultured bacterium NO 484 TRUE
D_0_ Bacteria;D_1__Proteobacteria;D_2__Gammaproteobacteria;D_3__ Enterobacteriales;D_4__ Enterobacteriaceae;D_5__Escherichia-Shigella;__ NO 484 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Ruminococcaceae;D_5__Candidatus Soleaferrea; YES 483 TRUE
D_0__Bacteria;D_1__Lentisphaerae;D_2__Lentisphaeria;D_3__ Victivallales;D_4__Victivallaceae;D_5__uncultured bacterium;D_6__uncultured bacterium NO 482 TRUE
**D_0__Bacteria;D_1__Firmicutes;D_2__ Bacilli;D_3__Izimaplasmatales;D_4__uncultured organism;D_5__uncultured organism;D_6__uncultured organism YES 480 TRUE
D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D_3__Bacteroidales;D_4__Prevotellaceae;D_5__Prevotellaceae UCG-001;D_6__uncultured
Bacteroidales bacterium NO 478 TRUE
D_0__Archaea;D_1__Euryarchaeota;D_2__Methanobacteria;D_3__Methanobacteriales;D_4__Methanobacteriaceae;D_5__Methanobrevibacter; NO 476 TRUE
D_0_ Bacteria;D_1__ Bacteroidetes;D_2__Bacteroidia;D_3__Bacteroidales;D_4__F082;D_5__uncultured bacterium;D_6__uncultured bacterium NO 474 TRUE
D_0_ Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D_3__Bacteroidales;D_4__Rikenellaceae;D_5__dgA-11 gut group;D_6__uncultured bacterium NO 474 TRUE
D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D_3__Bacteroidales;D_4__Bacteroidaceae;D_5__Bacteroides;D_6__uncultured Bacteroides sp. NO 473 TRUE
D_0_ Bacteria;D_1_ Bacteroidetes;D_2__Bacteroidia;D_3__ Bacteroidales;D_4__Paludibacteraceae;D_5__Paludibacter; NO 473 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Family XI11;D_5__[Eubacterium] nodatum group;D_6__uncultured bacterium NO 471 TRUE
D_0__Archaea;D_1__Euryarchaeota;D_2__Methanomicrobia;D_3__Methanomicrobiales;D_4__Methanocorpusculaceae;D_5__Methanocorpusculum;D_6_
_uncultured methanogenic archaeon NO 469 TRUE
D_0__ Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Ruminococcaceae;D_5__Ruminiclostridium 1;D_6__uncultured rumen bacterium NO 468 TRUE
D_0_ Bacteria;D_1__Firmicutes;D_2__ Clostridia;D_3__Clostridiales;D_4__Lachnospiraceae;D_5__Lachnospiraceae UCG-010; YES 467 TRUE
D_0_ Bacteria;D_1__ Firmicutes;D_2__ Clostridia;D_3__Clostridiales;D_4__Lachnospiraceae;D_5__Lachnospiraceae UCG-010;D_6__uncultured bacterium YES 464 TRUE
D_0__Bacteria;D_1__Proteobacteria;D_2__Gammaproteobacteria;D_3__Aeromonadales;D_4__Succinivibrionaceae;D_5__Succinivibrio;__ YES 463 TRUE
D_0_ Bacteria;D_1_ Bacteroidetes;D_2__Bacteroidia;D_3__ Bacteroidales;D_4__ Rikenellaceae;D_5__Alistipes;D_6__uncultured bacterium NO 459 TRUE
D_0__ Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Ruminococcaceae;D_5__Faecalibacterium;__ YES 457 TRUE
D_0__Bacteria;D_1__Proteobacteria;D_2__Alphaproteobacteria;D_3__Rhodospirillales;D_4__uncultured; __; YES 457 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Lachnospiraceae;D_5__Lachnospiraceae NK4A136 group;D_6__uncultured
organism YES 455 TRUE

Taxa in the Ruminococcaceae and Lachnospiraceae families are highlighted in green. 25 of 38 of these taxa are increased in
free-ranging deer.
Taxa in the Bacteroidales order are highlighted in yellow. 22 of 26 of these taxa are increased in the farmed deer.

**formerly phylum Tenericutes, class Mollicutes
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Supplemental Table 2: Differentially abundant taxa (ANCOM) by sex in free-ranging white-
tailed deer.

Microbial Taxa Increased Reject null
in Males? | W [hypothesis

D_0__ Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Ruminococcaceae;D_5__Oscillibacter;__ YES 49 TRUE
D_0_ Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Lachnospiraceae;D_5__GCA-900066575;D_6__uncultured bacterium YES 47 TRUE
D_0__ Bacteria;D_1__Proteobacteria;D_2__Gammaproteobacteria;D_3__Aeromonadales;D_4__Succinivibrionaceae;D_5__Succinivibrio;__ YES 13 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Bacilli;D_3__EMP-G18;D_4__uncultured bacterium;D_5__uncultured bacterium;D_6__uncultured bacterium NO 11 TRUE
D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D_3__Bacteroidales;D_4__Prevotellaceae;_ ;__ YES 7 TRUE
D_0_ Bacteria;D_1__Proteobacteria;D_2__Alphaproteobacteria;D_3__Rhodospirillales;D_4__uncultured;D_5__gut metagenome;D_6__gut metagenome YES 6 TRUE
D_0_ Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Eubacteriaceae;D_5__Anaerofustis;D_6__uncultured bacterium NO 5 TRUE
D_0_ Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Lachnospiraceae;D_5__Dorea;D_6__uncultured Lachnospiraceae bacterium NO 5 TRUE
D_0__ Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococcaceae UCG-007;D_6__uncultured rumen
bacterium NO 5 TRUE
D_0__Archaea;D_1__ Euryarchaeota;D_2__Thermoplasmata;D_3__Methanomassiliicoccales;D_4__Methanomethylophilaceae;_ ; YES 4 TRUE
D_0_ Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D_3__Bacteroidales;D_4__Marinifilaceae;D_5__Sanguibacteroides;D_6__Gabonibacter massiliensis NO 4 TRUE
D_0_ Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Lachnospiraceae;D_5__Lachnospiraceae NK4B4 group; NO 4 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococcaceae UCG-013;D_6__uncultured
Clostridiaceae bacterium NO 4 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Lachnospiraceae;D_5__[Acetivibrio] ethanolgignens group;__ NO 3 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Lachnospiraceae;D_5__Lachnospiraceae NK4A136 group;D_6__uncultured rumen
bacterium YES 3 TRUE
D_0__Bacteria;D_1__Actinobacteria;D_2__Actinobacteria; _;__;__; NO 2 TRUE
D_0__Bacteria;D_1__Cyanobacteria;D_2__Melainabacteria;D_3__Gastranaerophilales; __;__; YES 2 TRUE
D_0__Bacteria;D_1__Deferribacteres;D_2__Deferribacteres;D_3__Deferribacterales;D_4__Deferribacteraceae;D_5__Mucispirillum;D_6__bacterium 'Lincoln
Park 3' NO 2 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Christensenellaceae;D_5__Christensenellaceae R-7 group;D_6__bacterium
AC2043 NO 2 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Clostridiaceae 1;D_5__Clostridium sensu stricto 1;D_6__human gut metagenome NO 2 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Family XI11;D_5__Mogibacterium;D_6__uncultured bacterium NO 2 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Family XI11;D_5__uncultured;__ NO 2 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Lachnospiraceae;D_5__Acetitomaculum;D_6__uncultured rumen bacterium NO 2 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Lachnospiraceae;D_5__Coprococcus 2;D_6__uncultured rumen bacterium NO 2 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Lachnospiraceae;D_5__Eisenbergiella;D_6__uncultured bacterium NO 2 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Lachnospiraceae;D_5__GCA-900066575;__ NO 2 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Lachnospiraceae;D_5__Lachnospiraceae NK3A20 group;D_6__uncultured
Firmicutes bacterium NO 2 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Lachnospiraceae;D_5__Lachnospiraceae UCG-009;D_6__uncultured bacterium NO 2 TRUE
D_0__ Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Lachnospiraceae;D_5__Lachnospiraceae UCG-010;D_6__uncultured organism NO 2 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Lachnospiraceae;D_5__Shuttleworthia;D_6__uncultured bacterium YES 2 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Peptococcaceae;D_5__uncultured;D_6__uncultured rumen bacterium YES 2 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Ruminococcaceae;D_5__[Eubacterium] coprostanoligenes group;D_6__uncultured
Ruminococcaceae bacterium YES 2 TRUE
D_0_ Bacteria;D_1__ Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Ruminococcaceae;D_5__Candidatus Soleaferrea;__ NO 2 TRUE
D_0__ Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococcaceae UCG-010;D_6__uncultured rumen
bacterium YES 2 TRUE
D_0_ Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococcaceae UCG-013;D_6__uncultured organism NO 2 TRUE

D_0__ Bacteria;D_1__Firmicutes;D_2__Erysipelotrichia;D_3__Erysipelotrichales;D_4__Erysipelotrichaceae;D_5__Erysipelatoclostridium;D_6__uncultured
bacterium NO 2 TRUE

D_0__Bacteria;D_1__Firmicutes;D_2__Negativicutes;D_3__Selenomonadales;D_4__Acidaminococcaceae;D_5__Phascolarctobacterium;__ NO 2 TRUE

D_0__Bacteria;D_1__Lentisphaerae;D_2__Lentisphaeria;D_3__Victivallales;D_4__Victivallaceae;D_5__uncultured rumen bacterium;D_6__uncultured

rumen bacterium YES 2 TRUE
**D_0__Bacteria;D_1__Firmicutes;D_2__Bacilli;D_3__Izimaplasmatales;D_4__uncultured bacterium;D_5__uncultured bacterium;D_6__uncultured

bacterium YES 2 TRUE
D_0__Bacteria;D_1__Verrucomicrobia;D_2__Verrucomicrobiae;D_3__Opitutales;D_4__Puniceicoccaceae;D_5__uncultured;D_6__uncultured bacterium NO 2 TRUE

**formerly in physlum Tenerictues, class Mollicutes
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Supplemental Table 3: Differentially abundant taxa (ANCOM) by CWD Status on Farm 1 at
the L7 (roughly species) level.

Microbi Irn:reased Reject null
icrobial Taxa incwp- | W ) e
Positive
**D_0_ Bacteria;D_1__ Firmicutes;D_2_ Bacill;D_3_ RF39;,D_4__uncultured D_5__uncultured D_6__uncultured bacterium YES 80 TRUE
D_0_ Bacteria;D_1_ Bacteroidetes;D_2_| 3| i _4_Paludi ;D_5_ ;D_6__uncultured Paludibacter sp. NO 54 TRUE
D_0_ Bacteria;D_1__Gy 2| D_3_( _4__uncultured D_5__uncultured
D_6__uncultured bacterium YES 34 TRUE
D_0_ Bacteria;D_1_ Firmicutes;D_2_ Clostridia;D_3__Clostridiales;D_4__Lachnospiraceae;D_S__Lachnospiraceae UCG-010; YES 28 TRUE
D_O_ Bacteria;D_1_| D_2_| D3 D_4_| D_5_| UCG-001;D_6_uncultured
bacterium NO 20 TRUE
D_0_ Bacteria;D_1_| i D_2_i ;D_3_| i _4_ Paludil ;D_5_P: i NO 18 TRUE
D_0_ Bacteria;D_1_/ 2 NO 16 TRUE
D_0_ Bacteria;D_1_ Firmicutes;D_2_ Clostridia;D_3__Clostridiales;D_4__Rumi ;D_5__Ruminiclostridium 1;0_6__uncultured bacterium YES 16 TRUE
D_0_ Bacteria;D_1_F ;D_2__Clostridia;D_3__C D_4_d 1,0_5__Clostridium sensu stricto 1;__ NO 14 TRUE
**D_0_ Bacteria;D_1_Firmicutes;D_2__Bacill;D_3__RF39;D_4__uncultured ium;D_5__uncultured
bacterium;D_6__uncultured i bacterium YES 14 TRUE
D_0_ Bacteria;D_1_F ;D_2_ Clostridia;D_3__ Clostridiales;D_4_| D_5_ Rumi UCG-013;D_6__uncultured bacterium YES 1 TRUE
D_0_ Bacteria;D_1_Fi ;D_2_ Erysipelotrichia;D_3_ Erysipelotri D_4_Erysipelotri D_5_ Turicibacter; _ YES ] TRUE
D_0_ Bacteria;D_1_| D2_| idia;D_3_ D4_| D_5__dgA-11 gutgroup;D_6__uncultured bacterium YES 8 TRUE
D_0_ Bacteria;D_1_| i D2_i ;D_3_| i ) 4_| i iD5_| D_6__uncultured bacterium NO 7 TRUE
D_O_ Bacteria;D_1_Firmicutes;D_2_| ia;D_3_| i D_4_| D_5__Candidatus ichus;D_6__uncultured
bacterium NO 7 TRUE
D_0_ Bacteria;D_1_| i D2_| ;D_3_| i ) 4_Ri ;D_S_ Alistipes; _ NO 6 TRUE
D_0_ Bacteria;D_1_F ;D_2_ Clostridia;D_3__ Clostridiales;D_4__L ) 5_L i UCG-007;D_6__uncultured bacterium YES 6 TRUE
D_0_ Bacteria;D_1_ Firmicutes;D_2_ Clostridia;D_3__Clostridiales;D_4__P ;D_5_ ;D_6__uncultured organism NO 6 TRUE
D_0_ Bacteria;D_1_F ;D_2_| ia;D_3__ Erysipelotri D_4__Erysipelotri D_5_ Breznakia;D_6__uncultured bacterium NO 6 TRUE
**D_0_ Bacteria;D_1_Fi D_2_ Bacill;D_3_| NO 6 TRUE
D_0_ Bacteria;D_1_| D2_| idia;D_3_ D_4_ p-251-05,D_5__uncultured D_6__uncultured bacterium YES 5 TRUE
D_0_ Bacteria;D_1_ Firmicutes;D_2_ Clostridia;D_3__Clostridiales;D_4__Rumi ;D_S__Ruminiclostridium 5;D_6__uncultured bacterium NO 5 TRUE
D_0_ Bacteria;D_1_F ;D_2_ Clostridia;D_3__ Clostridiales;D_4_| D_5__ Rumi UCG-009;D_6__uncultured bacterium YES 5 TRUE
D_0_ Bacteria;D_1_ Firmicutes;D_2_Clostridia;D_3__Clostridiales;D_4__Rumi ;D_5__Rumi UCG-010;__ YES 5 TRUE
D_O_ Bacteria;D_1_| D_2_| ia;D_3_| D_4_| RF16 group;D_5__uncultured bacterium;D_6__uncultured
bacterium NO 4 TRUE
D_0__Bacteria;D_1_| i D_2_| ;D_3_| i _4_Ri ;D_5__hoa5-07d0S gut group;D_6__uncultured Bacteroidales
bacterium YES 4 TRUE
D_0_ Bacteria;D_1__Elusimicrobia;D_2__Elusimicrobia;D_3__Elusi iales;D_4__Elusi i D_5_ Elusimicrobium;__ NO 4 TRUE
D_0_ Bacteria;D_1_ Firmicutes;D_2_ Bacill;D_3__L D_4_ ) 5_ _ NO 4 TRUE
D_0_ Bacteria;D_1_Fi ;D_2_ Clostridia;D_3__Clostridiales;D_4__Clostridiales vadinBB60 group;D_5__Clostridiales bacterium enrichment culture
clone 06-1235251-67;D_6__Clostridiales bacterium enrichment culture clone 06-1235251-67 NO 4 TRUE
D_0_ Bacteria;D_1_ Firmicutes;D_2_ Clostridia;D_3__Clostridiales;D_4__Family XIII;0_5__Family XIIl UCG-001;,0_6__uncultured bacterium NO 4 TRUE
D_0_Bacteria;D_1_Fi ;D_2_ Clostridia;D_3__Clostridiales;D_4__Rumi D_5_| i group;D_6__
bacterium YES 4 TRUE
D_0_ Bacteria;D_1_Firmicutes;D_2_ Clostridia;D_3__Clostridiales;D_4_| D_5__Rumi UCG-010;D_6__uncultured bacterium YES 4 TRUE
D_0_Bacteria;D_1_Fi ;D_2_Clostridia;D_3_ Clostridiales;D_4__Rumii D_5__ Rumi UCG-014;D_6__uncultured
Clostridiales bacterium YES 4 TRUE
D_O_ Bacteria;D_1_| D_2_| D_3_ ) 4_| RF16 group; D_5__uncultured Paludibacter
sp.;D_6__uncultured Paludibacter sp. NO 3 TRUE
D_0_ Bacteria;D_1_| i D_2_| D_3_| i ) 4_| i D_5_| iella;D_6__uncultured bacterium NO 3 TRUE
D_0_Bacteria;D_1__Cy: ;D_2_| D_3_( _4__uncultured rumen bacterium;D_5__uncultured rumen
D_6__uncultured rumen bacterium NO 3 TRUE
D_0_Bacteria;D_1_Fi ;D_2_ Clostridia;D_3__Clostridiales;D_4__Ct D_5_Chri R-7 group;D_6__uncultured
bacterium NO 3 TRUE
D_0_ Bacteria;D_1_ Firmicutes;D_2_ Clostridia;D_3_ Cl D_4_L 5_| group; NO 3 TRUE
D_0_ Bacteria;D_1_Fi ;D_2_ Clostridia;D_3__Clostridiales;D_4__L ) 5_| _ NO 3 TRUE
D_0_ Bacteria;D_1__F D_2_| D_3_| D_4_| D_5_| D_6__uncultured
bacterium NO 3 TRUE
D_0_ Bacteria;D_1_Acti ;D_2_/ ia;D_3_| D_5_Bif _ NO 2 TRUE
D_0_ Bacteria;D_1_/ _2_C D3_C D_4_Egg D_5_ Slackia;__ NO 2 TRUE
D_0_ Bacteria;D_1_| i D_2_i D_3_| i ) 4_| D5_| ;D_6_| sp. YL27 NO 2 TRUE
D_O_ Bacteria;D_1_| D_2_| D_3_ ;D_4_| D_5__Prevotella 1;D_6__unidentified rumen bacterium
RFN29 NO 2 TRUE
D_0_ Bacteria;D_1_| i D_2_i D_3_ i _4_Prev, ;D_5_ Ga6A1 group;D_6__uncultured
bacterium YES 2 TRUE
D_O_ Bacteria;D_1_| D_2_| D_3_| D_4_T: D_5_| D_6_P: goldsteinii
€L02T12C30 YES 2 TRUE
D_0_ Bacteria;D_1_ Firmicutes;D_2__ Clostridia;D_3__ Clostridiales;D_4_Chr ) 5_ ;D_6__uncultured bacterium NO 2 TRUE
D_0_Bacteria;D_1__F ;D_2_ Clostridia;D_3__C D_4__Clostridiales vadinBB60 group;D_5__uncultured bacterium;D_6__uncultured
bacterium NO 2 TRUE
D_0_ Bacteria;D_1_ Firmicutes;D_2_ Clostridia;D_3__Clostridiales;D_4__Family XII1;0_5_[Eubacterium] nodatum group;D_6__| ium sp. AB3007 NO 2 TRUE
D_0_ Bacteria;D_1__F ;D_2_ Clostridia;D_3__Clostridiales;D_4__Family XIII;0_5__Family XIIl AD3011 group;D_6__uncultured Clostridiales
bacterium NO 2 TRUE
D_0_ Bacteria;D_1_Firmicutes;D_2_ Clostridia;D_3__Clostridiales;D_4__L ;D_5_/ i NO 2 TRUE
D_0_ Bacteria;D_1_F ;D_2_Clostridia; D4_L ) 5_L i UCG-009;__ NO 2 TRUE
D_0_ Bacteria;D_1_ Firmicutes;D_2__ Clostridia; D4_L ;D_5_| ivibrio; NO 2 TRUE
D_0_ Bacteria;D_1_F ;D_2_ Clostridia; D4_| D_5_ uncultured; NO 2 TRUE
D_0_ Bacteria;D_1_ Firmicutes;D_2__ Clostridia; D_4_ Rumi ;D_5__ Rumi UCG-014;D_6_gut NO 2 TRUE
D_0_ Bacteria;D_1_F ;D_2_ Clostridia;D_3__Clostridiales;D_4_| D_5__Rumi UCG-014;D_6__uncultured rumen
bacterium 500d-12 NO 2 TRUE
D_0_ Bacteria;D_1_ Firmicutes;D_2_ Clostridia;D_3__Clostridiales;D_4__Rumi ;D_5__Rumi 1,0_6_pgut NO 2 TRUE
D_0_ Bacteria;D_1_F ;D_2_ Clostridia;D_3__ Clostridiales;D_4_| D_5_ Rumi 1,0_6__uncultured Rumi sp. NO 2 TRUE
D_0_ Bacteria;D_1 D_2_Lenti )_3_Victi iD_4_ Victi _5__uncultured ium;D_6__uncultured bacterium NO 2 TRUE
D_0__ Bacteria;D_1_| i D_2_ i ia;D_3_ i D_4_ i D_5__Candidatus
D_6__uncultured bacterium NO 2 TRUE
**D_0_ Bacteria;D_1_Fi D_2_ Bacill;D_3_| D_4_gut D_5_gut ) 6_i NO 2 TRUE

YELLOW highlights indicate a taxa similar to a taxa identified as one of the top 5 differentially abundant taxa on Farm 2 and
increased or decreased in the same direction as the taxa on Farm 2.
**formerly in phylum Tenericutes, class Mollicutes
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Supplemental Table 4: Differentially abundant taxa (ANCOM) by CWD Status on Farm 2 at
the ASV (similar to strain) level.

Incrased in
Microbial Taxa awp w | Refectnul
Postive hypothesis
D_0_Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__L _5_L i UCG-010 YES 176 TRUE
**D_0_Bacteria;D_1__Firmicutes;D_2__Bacill;D_3__RF39;D_4__unidentified rumen bacterium RF9;D_5__unidentified rumen bacterium
RF9;D_6__unidentified rumen bacterium RF9 YES 132 TRUE
D_0_Bacteria;D_1_\ icrobia;D_2_\ iae;D_3_\ i D_4_ _5_1 ia;D_6__uncultured
bacterium YES %0 TRUE
D_0__Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3_Clostridiales;D_4__Rumi _5__Rumi NK4A214 group;D_6__uncultured
rumen bacterium YES 76 TRUE
D_0_Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Lachnospiraceae YES 31 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_d__C D_5__uncultured bacterium;D_6__uncultured bacterium YES 2 TRUE
D_0__Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Cl D_4_ _5_| i NO 2 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Cl ) 4_| )_5__Rumir UCG-010 NO 22 TRUE
D_0__Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3_Clostridiales;D_4__Ct D_5_Chri R-7 group;D_6_uncultured
prokaryote NO 19 TRUE
D_0_ Bacteria;D_1_Firmicutes;D_2_ Clostridia;D_3__Clostridiales;D_4__Lachnospiraceae. YES 17 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Cl i )_4__Rumir UCG-010;D_6__uncultured bacterium YES 17 TRUE
D_0__Bacteria;D_1__L D_2_L D_3_)\ D_4_)\ D_5__uncultured ;D_6__uncultured bacterium NO 14 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Cl i )_4__De i D_5_I i UCG-011;D_6__uncultured bacterium NO 13 TRUE
D_0__Bacteria;D_1_| icrobia;D_2_| D_5_Elusimi _6_uncultured bacterium NO 1 TRUE
D_0__Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Cl group;D_5__uncultured bacterium;D_6_uncultured
bacterium NO 8 TRUE
D_0__Bacteria;D_1_| i 2| ia;D_3_| _4_Ri D_5__dgA-11 gut group;D_6__uncultured bacterium YES 7 TRUE
D_0_ Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__ Clostridiaceae 1 NO 6 TRUE
D_0_Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__| group YES 6 TRUE
D_0__Bacteria;D_1_V: ) 2_V: D_3_ Opitutales;D_4_|  5_L D_6_ NO 6 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Clostridiaceae 1;D_5__Clostridium sensu stricto 1 NO 5 TRUE
D_0__Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Cl D_4_Clostridiales 1p;D_5_uncultured bacterium;D_6_uncultured
bacterium YES 5 TRUE
D_0__Bacteria;D_1_Firmicutes;D_2_Clostridia;D_3__Clostridiales;D_4__Lachnospiraceae NO 5 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Lachnospiraceae;D_5__Coprococcus 2;D_6__uncultured bacterium NO 5 TRUE
D_0__ Bacteria;D_1_Firmicutes;D_2_Clostridia;D_3__Cl 4| ;| group;D_6_uncultured
bacterium NO 5 TRUE
D_0__ Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Cl i UCG-010 NO s TRUE
D_0__Bacteria;D_1_Firmicutes;D_2_| ichia;D_3_Erysi D_4_| i D_5_| i UcG-
004;0_6_uncultured bacterium NO s TRUE
D_0__Bacteria;D_1__P iD_2_ E D_4_| NO 5 TRUE
**D_0_ Bacteria;D_1__Firmicutes;D_2_Bacill;D_3_zi D_4__uncultured ium;D_5__uncultured bacterium;D_6__uncultured
bacterium NO s TRUE
D_0__Bacteria;D_1_/ ia;D_2__Cori D_3__Cori iales;D_4__) i D_5_ D_6__uncultured rumen bacterium NO 4 TRUE
D_0_Bacteria;D_1_| 2| ;D_3_ _4_| D_5_0 ;D_6__uncultured bacterium YES 4 TRUE
D_0__Bacteria;D_1__Gy ia;D_2_| ia;D_3_( NO 4 TRUE
D_0__Bacteria;D_1_Firmicutes;D_2_Clostridia;D_3__Cl ) 4_d D_5_l R-7 group NO 4 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Cl )_4__Cl D_5_ct R-7 group NO 4 TRUE
D_0__Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Cl ) 4_d D_5_l R-7 group;D_6__bacterium YES7 NO 4 TRUE
D_0__Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Cl _4_ D_5_Chri R-7 group;D_6__uncultured
prokaryote NO 4 TRUE
D_0__Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Ct D_5_Chri R-7 group;D_6__uncultured rumen
bacterium NO 4 TRUE
D_0__Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Clostridiaceae 1 NO 4 TRUE
D_0__ Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_d__Clostridial i 1p;D_5__uncultured bacterium;D_6_uncultured
bacterium NO 4 TRUE
D_0__Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Clostridiales vadii 1p;D_5__uncultured bacterium;D_6__uncultured
bacterium NO 4 TRUE
D_0__Bacteria;D_1_Firmicutes;D_2_Clostridia;D_3_Clostridiales;D_4__Family XII1;D_S__Family XIIl AD3011 group;D_6__uncultured Clostridiales Family
Xill bacterium NO 4 TRUE
D_0_ Bacteria;D_1_Firmicutes;D_2_ Clostridia;D_3__Clostridiales;D_4__Family XIII;D_5__Mogibacterium;D_6__uncultured rumen bacterium 3C0d-10 NO 4 TRUE
D_0__Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Lachnospiraceae NO 4 TRUE
D_0__Bacteria;D_1_Firmicutes;D_2_Clostridia;D_3__Cl _4_L D_5_/ ;D_6__uncultured bacterium NO 4 TRUE
D_0_Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Lachnospiraceae;D_5__Coprococcus 1;D_6__uncultured rumen bacterium NO 4 TRUE
D_0__Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Cl ) 4_L D5_L _6_uncultured bacterium NO 4 TRUE
D_0_Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_d__L D_5_I i UCG-008;D_6__uncultured rumen
bacterium NO 4 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__L D_5_¢ ia;D_6__uncultured bacterium NO 4 TRUE
D_0_ Bacteria;D_1_Firmicutes;D_2_Clostridia;D_3__Clostridiales;D_4__Ruminococcaceae NO 4 TRUE
D_0__Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Ruminococcaceae NO 4 TRUE
D_0__Bacteria;D_1_Firmicutes;D_2_Clostridia;D_3__Clostridiales;D_4__Ruminococcaceae NO 4 TRUE
D_0_Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Ruminococcaceae NO 4 TRUE
D_0_ Bacteria;D_1_Firmicutes;D_2_Clostridia;D_3__Cl ) 4_] ) 5_| UCG-002 NO 4 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_d__Rumi _5_Rumi UCG-010 YES 4 TRUE
D_0_Bacteria;D_1_Firmicutes;D_2_ Clostridia;D_3__Cl ) 4_| _5_| UCG-010;D_6__uncultured bacterium NO 4 TRUE
D_0_ Bacteria;D_1_Firmicutes;D_2_ Clostridia;D_3__Cl ) 4_] ) 5_| UCG-010;D_6__uncultured bacterium NO 4 TRUE
D_0_Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Cl ) 4_| ;D5_| UCG-010;D_6_ uncultured bacterium NO 4 TRUE
D_0_ Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Cl _4_| _5__Rumi UCG-010;D_6_uncultured bacterium NO 4 TRUE
D_0_Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Cl _4_| _5__Rumi UCG-010;D_6_uncultured bacterium NO 4 TRUE
D_0__Bacteria;D_1_ Firmicutes;D_2_Clostridia;D_3_Clostridiales;D_4__Rumi 5| UCG-013;D_6_uncultured
Clostridiales bacterium NO 4 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Cl D_4_| _5__Rumi 1 NO 4 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Cl _4_| 5| )_6__uncultured rumen bacterium NO 4 TRUE
D_0__Bacteria;D_1_Firmicutes;D_2_| ichi D_4_| i D_5__Dielma;D_6__uncultured bacterium NO 4 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Negativicutes;D_3__¢ D_5_Pl _6__uncultured
Veillonellaceae bacterium NO 4 TRUE
D_0_Bacteria;D_1_Lenti _2_Lenti _3_Victi _4_Victi NO 4 TRUE
D_0__Bacteria;D_1_| 3| 4| NO 4 TRUE
D_0__Bacteria;D_1__Pr ia;D_3__De i ) _4__| ibri )_5__De ibric NO 4 TRUE
D_0__Bacteria;D_1_| i 2|  3_|  4_| _5__Prevotella 1;D_6__uncultured bacterium NO 3 TRUE
D_0_ Bacteria;D_1_| i 2| _3_i _4_| 5| UCG-004;D_6_uncultured
Bacteroidales bacterium YES 3 TRUE
D_0_Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Clostridiales NO 3 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Cl )_4__Cf D_5__Ct R-7 group NO 3 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Cl i )_4__Cl D_5__Chri R-7 group NO 3 TRUE
D_0_Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Clostridiaceae 1 NO 3 TRUE
D_0__Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_d__Clostridial i group;D_5__uncultured bacterium;D_6_uncultured
bacterium NO 3 TRUE
D_0__Bacteria;D_1_Firmicutes;D_2_Clostridia;D_3__Clostridiales;D_d__Clostridial i 1p;D_5__uncultured bacterium;D_6__uncultured
bacterium NO 3 TRUE
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Supplemental Table 4 Continued: Differentially abundant taxa (ANCOM) by CWD Status on
Farm 2 at the ASV (similar to strain) level.

Incrasedin )
Microbial Taxa cwp | w | Refectnul
o hypothesis
D_0_Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Clostridiales, p;:D_5__uncultured bacterium;D_6__uncultured
bacterium NO 3 TRUE
D_0_Bacteria;D_1_Firmicutes;D_2_Clostridia;D_3__Clostridiales;D_4__Clostridiales vadi p:D_5__uncultured bacterium; D_6__uncultured
bacterium NO 3 TRUE
D_0_Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3_Clostridiales;D_4__Clostridiales vadi p;D_5_uncultured bacterium;D_6__uncultured
bacterium NO 3 TRUE
D_0_Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Clostridiales vadi p:D_5__uncultured rumen
bacteriur )_6__uncultured rumen bacterium NO 3 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Cl D_4__| )_5__| )_6__uncultured bacterium YES 3 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Family XI1I NO 3 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Family XI11;D_5__Anaerovorax;D_6__uncultured bacterium NO 3 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Family XI1I;D_5__Family XI1l UCG-001;D_6__uncultured bacterium NO 3 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Lachnospiraceae NO 3 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Lachnospiraceae NO 3 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Lachnospiraceae NO 3 TRUE
D_0_Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales; D_4_| i D_5_ D_6__uncultured bacterium NO 3 TRUE
D_0_Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Ruminococcaceae NO 3 TRUE
D_0_Bacteria;D_1_Firmicutes;D_2__Clostridia;0_3_Clostrdiales;D_4__Rumi D5 i D_6__uncultured
bacterium NO 3 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Cl i D_4_| i D_5__Oscillibacte NO 3 TRUE
D_0_Bacteria;D_1_Firmicutes;D_2_Clostridia;D_3__Clostridiales;D_4__Rumi D_5_Rumi jlum 1,0_6_uncultured organism NO 3 TRUE
D_0_Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3_Clostridiales;D_4__Rumi D_5_Rumi NK4A214 group;D_6__uncultured
bacterium NO 3 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Cl i D_4_| i D_5_| i UCG-002 NO 3 TRUE
D_0_Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3_Clostridiales;D_4__Rumi D_5_ Rumi UCG-005;D_6_uncultured
Ruminococcaceae bacterium YES 3 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Cl idi D_4_| D_5__| i UCG-010 NO 3 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Cl idi D_4_| i D_5__| i UCG-010 NO 3 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Cl i D_4_| i D_5_| i UCG-010 NO 3 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Cl i D_4_| i D_5__| i UCG-010;D_6__uncultured bacterium NO 3 TRUE
D_0_Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Rumi D_5_ Rumi UCG-010;D_6_uncultured bacterium NO 3 TRUE
D_0_Bacteria;D_1__Firmicutes;D_2__Clostridia; D_3__Clostridiales;D_4__Rumi D_5__Rumi UCG-010;D_6_uncultured bacterium NO 3 TRUE
D_0_Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Rumi D_5_Rumi UCG-010;D_6__uncultured bacterium NO 3 TRUE
D_0_Bacteria;D_1__Firmicutes;D_2_Clostridia; D_3__Clostridiales;D_4__Rumi D_5_Rumi UCG-010;D_6__uncultured organism NO 3 TRUE
D_0_Bacteria;D_1_Firmicutes;D_2__Clostridia;0_3_Clostrdiales;D_4__Rumi D_5_ Rumi UCG-010;D_6__uncultured
Ruminococcaceae bacterium NO 3 TRUE
D_0_Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Cl D_5_Rumi UCG-013 NO 3 TRUE
D_0_Bacteria;D_1_Firmicutes;D_2_Clostridia;D_ D_5_Rumi UCG-013;D_6_uncultured bacterium NO 3 TRUE
D_0_Bacteria;D_1_Firmicutes;D_2_Clostridia;D_ D_5_Rumi UCG-014 NO 3 TRUE
D_0_Bacteria;0_1_Firmicutes;D_2__Clostridia;D_3__Cl D_5_Rumi UCG-014;0_6_uncultured bacterium NO 3 TRUE
D_0_ Bacteria;D_1_ Firmicutes;D_2__Clostridia;D_3_ C| D_5_| 1 YES 3 TRUE
D_0_ Bacteria;D_1_ Firmicutes;D_2__Clostridia;D_3__C| D_5_¢ _6__uncultured rumen bacterium
5C0d-4 NO 3 TRUE
D_0__Bacteria;D_1__| ;D_2_ | i )_3__| i D_4_| i ) 5__| )_6__uncultured bacterium NO 3 TRUE
D_0_ Bacteria;D_1_| 5D_2__Erysi _3_Erysi D_4_¢ i _5_Erysi i _6__uncultured
bacterium NO 3 TRUE
D_0_ Bacteria;D_1_| y 3| D4 D_6_uncultured bacterium NO 3 TRUE

D_0_Bacteria;D_1__P
Rhizobium NO 3 TRUE

D_0_ Bacteria;D_1_| 3 D_4_ _5__uncultured ;D_6__uncultured
bacterium NO 3 TRUE
**D_0_Bacteria;D_1_Firmicutes;D_2_Bacill;D_3_lzimaplasmatales NO 3 TRUE
**D_0__Bacteria;D_1_Firmicutes;D_2_Bacill;D_3__RF39 NO 3 TRUE
D_0_ Bacteria;D_1_| i _2_§ idia;D_3_| idales;D_4_| _5_i ides;D_6_uncultured bacterium YES 2 TRUE
D_0_ Bacteria;D_1_| 2§ idia;D_3_| D_4_| RF16 group;D_5__uncultured Porphyromonadaceae

_6_uncultured bacterium NO 2 TRUE
D_0_ Bacteria;D_1_| i _2_i idia;D_3_| )_5__uncultured NO 2 TRUE
D_0_ Bacteria;D_1_| i _2_i idia;D_3_| _5__uncultured _6_uncultured bacterium YES 2 TRUE
D_0_Bacteria;D_1__| 2 _3_| D_4_| D_5_Alistipes YES 2 TRUE
D_0_Bacteria;D_1__Cy: ) 2_| 3 NO 2 TRUE
D_0_ Bacteria;D_1__Cy ) 2_| 3 YES 2 TRUE
D_0_ Bacteria;D_1__() 2;0_2_| 2;0_3 _4__uncultured rumen bacterium;D_5__uncultured rumen
bacterium;D_6__uncultured rumen bacterium YES 2 TRUE
D_0_Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales NO 2 TRUE
D_0_Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__C D_4_C D_5_l R-7 group YES 2 TRUE
D_0_Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Cl D_4_ D_5_l R-7 group NO 2 TRUE
D_0_Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3_Clostridiales;D_4__C} D_5_Chri R-7 group;D_6__uncultured
Clostridia bacterium YES 2 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Cl D_4_ct ;D_5__Cl R-7 group;D_6__uncultured
prokaryote NO 2 TRUE
D_0_ Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Cl D_4__Clostridiales group;D_5__uncultured bacterium; D_6_uncultured
bacterium NO 2 TRUE
D_0_Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Clostridiales p;D_5__uncultured bacterium; D_6__uncultured
bacterium NO 2 TRUE
D_0_Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Clostri D_4__Clostridiales vadi p;D_5__uncultured bacterium; D_6__uncultured
bacterium NO 2 TRUE
D_0_Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Clostri D_4__Clostridiales vadi p;D_5__uncultured bacterium;D_6__uncultured
bacterium YES 2 TRUE
D_0_Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Family XIII;D_5__Mogibacterium;D_6__uncultured rumen bacterium NO 2 TRUE
D_0_Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Lachnospiraceae NO 2 TRUE
D_0_Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Lachnospiraceae NO 2 TRUE
D_0_Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Lachnospiraceae NO 2 TRUE
D_0_Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Lachnospiraceae YES 2 TRUE
D_0_Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4_Lachnospiraceae;D_5__Blautia NO 2 TRUE
D_0_Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostri D_4_| i D_5__Coprococcus 3;D_6__uncultured bacterium NO 2 TRUE
D_0_ Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Clostri D_4_| i D_5_L 'AC2044 group;D_6_uncultured rumen
bacterium NO 2 TRUE
D_0_Bacteria;D_1_Firmicutes;D_2_Clostridia;D_3__Clostri D_4 DS NKAA136 group;D_6__uncultured
Lachnospiraceae bacterium YES 2 TRUE
D_0_Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3_Clostridiales;D_4__L D_5_L UCG-010;D_6_uncultured rumen
bacterium YES 2 TRUE
D_0_ Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3_ Clostridiales;D_4_Lachnospiraceae;D_5_ Tyzzerella 4,0_6_uncultured bacterium NO 2 TRUE
D_0_ Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3_Clostridiales;D_4__Ruminococcaceae NO 2 TRUE
D_0_Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Ruminococcaceae;D_5__GCA-900066225;D_6__uncultured bacterium YES 2 TRUE
D_0_Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4_| D_5_0 _6_uncultured bacterium NO 2 TRUE
D_0_Bacteria;D_1_Firmicutes;D_2_Clostridia;D_3_Clostridiales;D_4_| D_5__Papili _6_uncultured Clostridiales bacterium NO 2 TRUE
D_0_ Bacteria;D_1_Firmicutes;D_2__Clostridia;D_3__Cl D_ D_5_ Ruminiclostridium 1 YES 2 TRUE
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Supplemental Table 4 Continued: Differentially abundant taxa (ANCOM) by CWD Status on
Farm 2 at the ASV (similar to strain) level.

Incrasedin Reject nul
Microbial Taxa cwb w .
Positive hypothesis
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococcaceae UCG-005 NO 2 TRUE
D_O__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococcaceae UCG-005 YES 2 TRUE
D_O__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococcaceae UCG-005;D_6__uncultured bacterium NO 2 TRUE
D_O__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococcaceae UCG-010 NO 2 TRUE
D_O__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococcaceae UCG-010 NO 2 TRUE
D_0O__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococcaceae UCG-010 NO 2 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococcaceae UCG-010;D_6__uncultured bacterium NO 2 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococcaceae UCG-010;D_6__uncultured bacterium NO 2 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococcaceae UCG-010;D_6__uncultured bacterium NO 2 TRUE
D_O__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococcaceae UCG-010;D_6__uncultured bacterium NO 2 TRUE
D_O__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococcaceae UCG-013;D_6__uncultured bacterium NO 2 TRUE
D_O__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococcaceae UCG-013;D_6__uncultured bacterium YES 2 TRUE
D_0__ Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococcaceae UCG-014 YES 2 TRUE
D_O__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococcaceae UCG-014 NO 2 TRUE
D_O__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococcaceae UCG-014 NO 2 TRUE
D_0O__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococcaceae UCG-014;D_6__uncultured bacterium NO 2 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococcaceae UCG-014;D_6__unidentified rumen
bacterium JW32 YES 2 TRUE
D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococcus 1 NO 2 TRUE
D_O__ Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Ruminococcaceae;D_5__Saccharofermentans NO 2 TRUE
D_O__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_4__Ruminococcaceae;D_5__uncultured NO 2 TRUE
D_O__Bacteria;D_1__Firmicutes;D_2__Erysipelotrichia;D_3__Erysipelotrichales;D_4__Erysipelotrichaceae NO 2 TRUE
D_O__Bacteria;D_1__Firmicutes;D_2__Erysipelotrichia;D_3__Erysipelotrichales;D_4__Erysipelotrichaceae;D_5__Candidatus Stoquefichus;D_6__uncultured
bacterium NO 2 TRUE
D_O__Bacteria;D_1__Proteobacteria;D_2__Alphaproteobacteria;D_3__Rhodospirillales;D_4__uncultured;D_5__gut metagenome;D_6__gut metagenome NO 2 TRUE
D_O__Bacteria;D_1__Proteobacteria;D_2__Alphaproteobacteria;D_3__Rhodospirillales;D_4__uncultured;D_5__uncultured bacterium;D_6__uncultured
bacterium NO 2 TRUE
**D_0__Bacteria;D_1__Firmicutes;D_2__Bacilli;D_3__Anaeroplasmatales;D_4__Anaeroplasmataceae;D_5__Anaeroplasma;D_6__uncultured bacterium YES 2 TRUE
**D_0__Bacteria;D_1__Firmicutes;D_2__Bacilli;D_3__lzimaplasmatales;D_4__uncultured bacterium;D_5__uncultured bacterium;D_6__uncultured
bacterium YES 2 TRUE
**D_0__Bacteria;D_1__Firmicutes;D_2__Bacilli;D_3__RF39 NO 2 TRUE
**D_0__Bacteria;D_1__Firmicutes;D_2__Bacilli;D_3__RF39 NO 2 TRUE

YELLOW highlights indicate a taxa similar to a taxa identified as one of the top 5 differentially abundant taxa on Farm 1 and
increased or decreased in the same direction as the taxa on Farm 1.
**formerly phylum Tenericutes, class Mollicutes
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