Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 February 2020 d0i:10.20944/preprints202002.0192.v1

Article
Microbial Patterns in Rumen Are Associated with

Gain of Weight in Beef Cattle

Anderson Santos de Freitas '+, Diego Bitencourt de David 2+, Beatriz Midori Takagaki ! and Luiz
Fernando Wiirdig Roesch **

1 Centro Interdisciplinar de Pesquisas em Biotecnologia — CIP-Biotec, Campus Sao Gabriel, Universidade
Federal do Pampa, Sao Gabriel, Rio Grande do Sul, Brasil.

2 Departamento de Diagndstico e Pesquisa Agropecuaria — DDPA, Secretaria Estadual da Agricultura,
Pecudria e Desenvolvimento Rural — SEADPR/RS, Sao Gabriel, Rio Grande do Sul, Brasil.

* These authors have contributed equally to this work.

* Correspondence: luizroesch@unipampa.edu.br

Abstract: Ruminal microorganisms play a pivotal role in cattle nutrition. The discovery of the main
microbes responsible for enhancing the gain of weight in beef cattle might be used in therapeutic
approaches to increase animal performance and cause less environmental damages. Here, we
examined differences in bacterial and fungal composition of rumen samples of Braford heifers
raised in a natural grassland from Pampa Biome in Brazil. We aimed to detect microbial patterns in
the rumen that could be correlated with the gain of weight. 16S and ITS1 genes were amplified
from ruminal samples and sequenced to identify the closest microbial relatives within the microbial
communities. A predictive model based on microbes responsible for the gain of weight was build
and further tested using the entire dataset. The model detected a set of microorganisms associated
with animals in the high gain of weight group, including the bacterial taxa RFN20, Prevotella,
Anaeroplasma and RF16 and the fungal taxa Aureobasidium, Cryptococcus, Sarocladium, Pleosporales
and Tremellales. Most of these organisms have been correlated to the production of substances that
improve the ruminal digestion process. These findings provide new insights about cattle nutrition
and suggest the use of these microbes to improve beef cattle breeding.
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1. Introduction

Microorganisms from all domains of life are associated with cattle nutrition. Bacteria, Archaea
and micro Eukaryotes are present across the entire gastrointestinal tract (GIT) of these animals. They
digest complex molecules, such as cellulose and lignin, and help the absorption of water and
nutrients [1,2]. Microbes from the rumen, in particular, are crucial for this process, once the rumen
acts as a fermentation chamber hosting microbial fermentation of the food ingested by the cattle. The
rumen environment is responsible for about 50 to 65 percent of starch and soluble sugars utilized by
an animal and produces the main food and energy sources for bovines (i.e. proteins, volatile fatty
acids, and synthesis of B and K vitamins) [3,4].

Since mimicking the rumen conditions in laboratories to isolate those microbes is a challenging
task, the rising of culture-free techniques, mainly Next Generation Sequencing (NGS), has facilitated
the study of these microbes. Over the achievements accumulated by classic culture-based
approaches, NGS has provided a wide range of knowledge about rumen microbes and its behavior
in the last decades [5,6]. Several studies, using different techniques and bovine races, have been
uncovered the structure of the rumen environment and pointing to a consensus ruminal core
microbiome across a large geographical range [7,8]. This core is dominated by the bacterial phylum
Bacteroidetes, mainly composed by Prevotella species, either in Brazilian Nelore bovines [9] or in
Holstein bull calves from Canada [1], for example. Indeed, this predominance of Bacteroidetes and its
Prevotelln species is extensively described by reports that denote these taxa as important
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microorganisms for digestion of organic matter in the rumen, being considered as biomarkers for
good ruminal microbiota [10]. With respect to fungi, the ruminal microbial core includes a range of
anaerobic genera, mainly from Neocallimastigomycota, Basidiomycota and Ascomycota phyla [11,12].

Although geographical standards of ruminal microbiota are known, previous works also
support that external aspects like diet may influence the rumen microbial composition. Animals
submitted to a low-forage diet, for example, showed a higher abundance of Entodinium and
Prevotella species [13] whereas animals with induced sub-acute ruminal acidosis (SARA) presented
an increase of rare fungal taxa [14]. Similarly, different microbial composition affect production
chains, such as cows with high milk yield, which presented higher levels of Prevotella [15] and the
correlation of milk-fat yield to a higher Firmicutes/Bacteroidetes ratio in rumen [16].

All this knowledge comes to meet the growing need for food supply and the concern about
climate changes in the world. These areas may be benefitted by new insights about how to optimize
cattle breeding with more production and less environmental damages [17]. Alongside, the ruminal
microbiology has historically failed in optimize animal performance by microbial information and
therapies. Much of this is due to the lack of knowledge about how microorganisms act biochemically
through the digestion processes, a situation that is being reveled by novel high throughput
techniques [5].

In this context, and considering the economic importance of cattle breeding as well as the
constant search for improvements in production, we purpose ourselves to find microbial patterns in
rumen that could be correlated with gain of weight, the key topic in beef cattle breeding. Here, we
tested the differences of microbial communities in a set of heifers raised in natural grasslands from
the Pampa Biome. Heifers with a high daily gain of weight were compared with the ones with a low
daily gain. Our hypothesis was that animals with a higher gain of weight might have microbial
patterns that can explain a better digestion process and, consequently, an enhanced gain of weight.

2. Materials and Methods

2.1. Cattle management and experimental design

In this work, we attempted to build a predictive model for microbial biomarkers of enhanced
gain of weight using a subset of rumen samples and further test the model using the entire dataset.
For this, we selected animals in the same natural grasslands from the Pampa Biome and calculated
the average daily weight gain (ADG) for all of them. Based on ADGs, we selected the upper and
lower quartile groups of weight gain and compared them for composition of both bacteria and fungi,
targeting microorganisms that could be increased in one of the groups.

The animals were raised by the Departamento de Diagnostico e Pesquisa Agropecuaria
(DDPA, SEAPI-RS), located in Sao Gabriel, RS, Brazil. All animal management and research
procedures were approved by the Animal Welfare Committee of the State Foundation of
Agricultural Research (FEPAGRO) registered under the number 15/14. We sampled seventeen
Braford heifers (36 months, 343+30 kg) randomly distributed in paddocks with natural grasslands
from the Pampa Biome for more than two years. These animals were submitted to a continuous
grazing stock method, with a forage allowance of 12 kg of dry matter/100 kg of live weight adjusted
by a put and take animals method. The pasture structure during the sampling period is described in
Table 1. The native pastures include mainly the species Eryngium horridum, Vernonia nudiflora,
Erianthus angustifolius, Eupatorium bunifolium, Paspalum notatum, Eragrostis plana, Axonopus affinis,
Paspalum umbrosum, Desmodium incanum and Paspalum plicatulum.
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Table 1. Description of the pasture structure during the sampling period.

Measurements Mean Standard Deviation
Herbage accumulation (kg/day) 17.28 1.18
Pasture height (cm) 9.74 1.44
Herbage mass (kg) 2530 240
Forage allowance ([kg of
DM]/[100 kg of LW]) 1143 2.98
*Eragorstis plana cover (%) 14 6.68

“Exotic gramineous plant considered an aggressive invasive plant with low nutritional quality and high
resistance to mechanic traction.

We monitored the weight gain for 60 days, with the sampling occurring in the middle of this
period (30 days) in the autumn, aiming to minimize effects of extreme climate conditions. Based on
this monitoring, we estimate the average daily weight gain (ADG) for each animal and proceed to
downstream analysis.

2.2. Rumen sampling strategy and diet quality measurement

We collected ruminal fluid from 17 heifers shortly after the morning grazing cycle
(approximately between 9:00 and 12:00 h). Samples of the ruminal fluid (100 ml) were collected
through an esophageal probe equipped with a vacuum system. For each animal, a sterilized set of
hoses and kitassato flasks were used in order to avoid cross-contamination. Ruminal liquid samples
were immediately stored in 50 mL tubes properly identified and stored in ice-cold box for
transportation to the laboratory. Approximately two hours after the collection, the tubes were frozen
at -80°C. Before sampling the ruminal fluid, a fecal sample was collected via rectum using sterile
gloves. This fraction was designated for analysis of diet quality as described below.

Analysis of relationship between fecal protein concentration and diet digestibility provided
dietary quality estimation by methods previously described by Lancaster [18] and Rosa and
colleagues [19]. Briefly, fecal samples were oven dried with forced air circulation at 55°C for 72
hours. After partially dried and grounded, feces were subjected to dry matter determination after
drying at 105°C for 12 hours (Easley et al., 1965). The organic matter was determined by flaring at
550°C and crude protein (CP) was determined by the Kjeldahl method (Kirk, 1950). The
concentration of fecal CP in the organic matter (CPf:g/kg.OM) was used in the equations (1), (2) and
(3) described below to estimate organic matter digestibility (OMD), protein concentration in the diet
(PC) and daily protein consumption (CP Intake). The equations were constructed specifically for
native grasslands of Pampa Biome by using the Rosa’s et al. methods (Rosa et al., n.d.):

OMD=0.942-38,619/fecal CP 1)
PC=1.346*(fecalCP)-47.63 (2) @)
CPintake=8.0728*(fecalCP)-347.38 3)

2.3. DNA extraction and PCR amplification

For DNA extraction, we used 1 ml of homogenized ruminal fluid samples from each animal.
DNA extraction was performed with the PowerSoil®DNA kit (MoBio, USA) according to the
manufacturer's instructions. Concentrations and purity of the DNA were determined using the
NanoVue™ spectrophotometer (GE Healthcare, USA). All DNA samples were stored at -20°C until
use for the PCR reactions.
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The amplification, sequencing and processing of the data were performed according to the
recommendations of the Brazilian Microbiome Project - available at http://www.brmicrobiome.org -
[20]. For each sample, the v4 region from the 165 gene was amplified by using the 515F/806R primers
[21] for amplification of microorganisms of the Bacteria and Archaea domain simultaneously. The
primer was synthesized together with the A-Key
(5'CCATCTCATCCCTGCGTGTCTCCGACTCAG'3) and P1-Key
(5'CCTCTCTATGGGCAGTCGGTGAT'3) adapters to obtain a sequence composed for
A-barcode-806R and P1-515F adapter and primers. A similar approach was used to the internal
transcribed spacer region (ITS1) which was amplified by means of the ITS1F/ITS2R primers [22-24]
for the amplification of microorganisms from the Fungi kingdom in each sample. Twelve known
bases (barcodes) were added to the 5' region of the primers, which were used to identify the origin of
each sequence, according to the methodology proposed by Hamady and collaborators [25] either for
bacteria and fungi.

PCR reactions were performed for each DNA isolated from the samples with a different
barcode per reaction. For bacteria, each of the 25 mL of PCR mixture consisted of 2U of Platinum Taq
DNA High Fidelity Polymerase (Invitrogen, Carlsbad, CA, United States), 4 uL. 10X High Fidelity
PCR Buffer, 2 mM MgSO4, 0.2 mM dNTP’s, 0.1 mM of both the 806R barcoded primer and the 515F
primer, 25 ug of Ultrapure BSA (Invitrogen, Carlsbad, CA, United States) and approximately 50 ng
of DNA template. The conditions used in these reactions were: 94° C for 2 minutes, 30 cycles at 94° C
for 45s for denaturation, 55 °C for 45s for annealing, and 72° C for 1 minute for extension; followed
by 72 °C for 6 minutes of final extension. For fungi, each of the 50 pl of PCR mixture consisted of 2U
of Platinum Taq DNA High Fidelity Polymerase (Invitrogen, Carlsbad, CA, United States), 5 uL 10X
High Fidelity PCR Buffer, 2 mM MgS04, 0.2 mM dNTP’s, 0.1 mM of both the ITS2R barcoded primer
and the ITS1F primer, 25 ug of Ultrapure BSA (Invitrogen, Carlsbad, CA, United States) and
approximately 100 ng of DNA template. The conditions used in the reactions for fungi were: 94° C
for 2 minutes, 35 cycles at 94° C for 45s for denaturation, 55° C for 60s for annealing the primer
oligonucleotides, and 72° C for 1.5 minute for extension; followed by 72° C for 10 minutes of final
extension.

The resulting PCR products were purified with the Agencourt® AMPure® XP Reagent kit
(Beckman Coulter, USA). The final concentration of the PCR product DNA was quantified using the
Qubit Fluorometer kit (Invitrogen) following the manufacturer's recommendations. Finally, the PCR
products combined into equimolar concentrations were used to library preparation win Ion
One-Touch 2 System using Ion PGM Template OT2 400 Kit (Thermo Fisher Scientific, Waltham, MA,
USA). Sequencing was performed in Ion PGM Sequencing 400 on the Ion PGM System using 318
Chip v2. The Raw sequences were deposited in the Sequence Read Archive (SRA), Biosample
accession PRJNA599105.

2.3. Statistical analysis

After building the Operational Taxonomic Unity Table following the Brazilian Microbiome
pipeline [26], the OTU tables were imported into the R enviroment and transformed by centered
log-ratio to reflect the compositional nature of these type of data [27]. All analysis were performed
independently for bacteria and fungi, but keeping the same parameters. Possible confounding
variables were tested by a permutational analysis of variance (PERMANOVA) based on Euclidean
distance with the vegan package [28]. Initial insights were provided by analysis of microbial
richness. After, we tested the main differences between the communities from higher ADG and
lower ADG groups by differential abundance of both phyla and OTUs using the ALDEx2 package
[29]. We considered as differentially abundant all phyla or OTUs with effect size higher than 1 and a
p-value calculated by the Welch’s test lower than 0.1 [30]. Finally, we tested all OTUs matched as
differentially abundant between groups as models of regression including all 17 samples aiming to
validate our findings in the whole dataset.
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3. Results

3.1. Subjects Characteristics

Ten subjects were selected from an initial set of 17, by using the descriptive statistics
summarized in Figure 1. These samples comprised the extreme quartiles of the dataset. We included
samples with marginal values (matching with extreme quartile’s borderlines, Figure 1) once this
information kept the groups with widely different gains of weight and increased the power for
downstream analyses (Table 2). Our goal was to build a model with maximum contrast between
ADG groups keeping similar diet parameters among the tested animals. Both animal groups
presented very similar rates of organic matter digestion, crude protein concentration in feces,
estimated crude protein intake and live weight at the beginning of the experiment. On the other
hand, the average dairy gain of weight was significantly different between groups, overcoming, in
mean, differences of 400 grams of weight gain per day.
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Figure 1. Distribution of average daily gain of weight (ADG) in the bovine samples. The first quartile
was assigned to Lower ADG (red) and the fourth quartile to Higher ADG (green). Samples
comprised in the second and third quartiles (blue) were classified as Middle ADG and were not
included in differential abundance analysis.


https://doi.org/10.20944/preprints202002.0192.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 February 2020 d0i:10.20944/preprints202002.0192.v1

Table 2. Description of the diet variables from Higher Average Dairy Gain of Weight group (Higher
ADG) versus the Lower Average Dairy Gain of Weight group (Lower ADG).

Parameters Higher ADG Lower ADG p value

Average Dairy Gain (g/day) 534.2+42.2 131.4+32.8 0.01
Organic Matter Digestion (%) 64.2+1.39 65.3 £ 0.67 0.88
Crude Protein Concentration

117.4 +8.52 120.4 +591 1
(g/kg OM)
Crude Protein Intake (g/day) 642.4 +51.1 660.3 + 35.5 1
Initial Live Weight (kg)* 337.5+£15.0 337.3+15.6 1

Variables were summarized as average + SEM and compared using the Mann-Whitney-Wilcoxon test.
Significant p-values were highlighted in italic. g = grams; kg = kilograms; OM = organic matter. * Mean of live
weight measured in the beginning of the experiment.

3.2. Sequencing Report and Control for Confounding Variables

A total of 289,137 high quality sequences were obtained from all 17 samples, with a mean of
12,072 bacterial sequences and 6,993 fungal sequences per sample. Good’s coverage confirmed the
number of sequences obtained were sufficient to describe the microbial community adequately. In
average the coverage of the bacterial samples was higher than 95% and the coverage of the fungal
samples was higher than 99%.

To avoid possible false positives/negatives in downstream analysis, the presence of
confounding variables [31] were tested by stratification. For doing this, a PERMANOVA analysis
using all measured variables was performed and the results are shown in Table 3. No significant bias
related to any possible confounding variable tested such as Eragorstis plana cover, percentage of
crude protein in feces and the paddock effect was detected. In addition, analysis indicated that the
bacterial communities in different ADG classes were strongly different (R? = 0.14; p = 0.03). On the
other hand, no differences within the fungal community was observed between ADG classes.

Table 3. Detection of possible confounding variables associated with the lower and higher classes of
Average Dairy Gain of Weight (ADG).

Confounding variables R? p-value
Bacteria ADG Class 0.14 0.03
Eragrostis plana Cover 0.10 0.47
CP in feces 0.20 0.37
Potrero 0.35 0.09
Fungi ADG Class 0.22 0.30
Eragrostis plana Cover 0.22 0.30
CP in feces 0.42 0.47
Potrero 0.57 0.60

R? and p-values were obtained by Permutational analysis of variance (PERMANOVA) based on the
Euclidean dissimilarities applied to the Centered log-ratio (clr) transformed abundance of 16S rRNA sequences
for bacterial/archaeal and fungal communities. Significant value is set in italics. p values are based on 999
permutations. ADG = Average Daily Gain; CP = Crude Protein.
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3.3. Overall description of bacterial and fungal communities

We found 23 microbial phyla within all samples: 19 from Bacteria (Figure 2) and 4 from Fungi
(Figure 3). Bacterial communities were dominated by species from the Bacteroidetes and Firmicutes,
the only ones which presented values of centered log-ratio transformed abundance higher than 4.
Differential abundance analyses showed that phyla distribution between the ADG groups was very
similar either in bacteria or in fungi (effect size <1 and p-value > 0.1 for all tested phyla). Although
we have found no significant difference among the bacterial phyla, some tendencies were observed:
Tenericutes tended to be increased in the Higher ADG group (effect size = 0.55, p-value = 0.29)
whereas WPS-2 tended to be increased in Lower ADG group (effect size = 0.70, p-value = 0.17). In
fungal communities, we were not able to detect any tendency depicting differences between groups

(Figure 3).
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Figure 2. Centered log ratio transformed abundance of all bacterial phyla present in ruminal samples
from bovines with Higher ADG (yellow) and Lower ADG (blue). Differences were tested with the
ALDEx package. No significant difference between groups was found (effect size <1, p-value > 0.1).
Note that negative clr values indicate very low abundance.
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The bacterial and fungal richness, at the Operational Taxonomic Unity (OTU) level, is presented
in Figure 4. Both communities presented similar number of observed OTUs when comparing ADG
classes. Although no differences were detected within this alpha diversity measurement,
PERMANOVA outputs (Table 3) showed significant differences in bacterial composition between

the two ADG classes.
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Figure 3. Centered log ratio transformed abundance of all fungal phyla present in ruminal samples
from bovines with Higher ADG (yellow) and Lower ADG (blue). Differences were tested with the
ALDEXx package. No significant difference between groups was found (effect size <1, p-value > 0.1).
Note that negative clr values indicate very low abundance.
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Figure 4. Number of observed OTUs of bacterial (left panel) and fungal (right panel) communities in
the Higher ADG and Lower ADG groups. Graphs represent the number of different operational
taxonomic units (OTUs) found in each group. Boxes inside the violins span the first to third quartiles;
the horizontal line inside the boxes represents the median. Whiskers extending vertically from the
boxes indicate variability outside the upper and lower quartiles, and the single black circles indicate
outliers.
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3.4. Differential abundance analysis revealed microbial patterns associated with enhanced gain of weight

Differential abundance analysis at the OTU level (using the highest possible taxonomy rank)
reveled many microorganisms differentially abundant between ADG classes (Table 4). Three OTUs
closest related to the genus RFN20 presented higher abundance in the Higher ADG group, as well as
OTUs closest related to the genus Anaeroplasma and the family RF16. Two OTUs assigned as
Prevotella genus presented higher abundance in higher ADG group, but another OTU also assigned
as Prevotella presented opposite trend, with higher abundance in the lower ADG group. Among
fungal OTUs, the most important taxa with differential abundance were the genera Aureobasidium,
Cryptococcus and Sarocladium, all of them increased in the higher ADG group. In addition, OTUs
closest related to the orders Tremellales and Pleosporales were also more abundant in the higher ADG
group. The only OTU significantly more abundant in lower ADG group was assigned to the genus
Ceratobasidium.

Table 4. List of microbial taxa with significant difference between higher and lower group of
Average Daily Gain of Weight (ADG).

Taxon rab.win.Lower: rab.win.Higher® effectc overlapd we.epe
Bacteria REN20 (1) 2.47 4.21 1.54 0.04 0.01
REN20 (2) 2.68 4.18 1.28 0.10 0.03
REN20 (3) 4.62 5.88 1.20 0.12 0.04
Anaeroplasma -2.74 1.82 1.54 0.04 0.03
Prevotella (1) -1.35 1.99 1.25 0.07 0.04
Prevotella (2) 1.61 3.01 1.10 0.09 0.05
Prevotella (3) 2.46 0.76 -1.08 0.10 0.06
RF16 -0.05 1.88 1.17 0.10 0.07
Fungi  Aureobasidium -1.52 3.59 1.90 0.02 0.05
Tremellales fam -1.14 6.41 1.70 0.03 0.06

Incertae sedis

Ceratobasidium 5.04 -3.09 -1.62 0.04 0.07
Pleosporales -1.35 4.65 1.71 0.02 0.07
Cryptococcus 0.31 6.07 1.60 0.00 0.09
Sarocladium -1.91 4.99 1.38 0.05 0.09

2 median centered log-ratio value for the Lower ADG group of samples; ®» median centered log-ratio value
for the Higher ADG group of samples; © effect size of the difference, median of difference between groups on a
log base 2 scale/largest median variation within groups, positive values indicate a higher abundance in the
Higher ADG group whereas negative values indicate higher abundance in the lower ADG group; ¢ confusion in
assigning an observation to Higher or Lower group; ¢ the expected value of the Welch Test P value. Table
includes all OTUs with effect > 1 and p-value <0.1.

3.4. Testing the biomarkers with the entire dataset

Our approach defined a group of microbial taxa differentially abundant in the Higher and
Lower ADG groups. To confirm these findings, we correlated the average daily gain of weight with
the relative abundance (normalized by centered log ratios) of each taxa from the Table 4 using all
samples. The results indicate that, bacterial OTUs found here were associated with gain of weight in
beef cattle (Figures 5).

OTUs closest related to REN20 (1), Prevotella (1) and Anaeroplasma presented the highest
and most confident positive correlations (R > 0.6 and p < 0.01) with average daily gain of weight.
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These results indicate the abundance of each one of these OTUs can individually explain more than
60% of the ADG from tested animals with a confidence higher than 99%.

Correlations between differential abundant fungal taxa and average dairy gain of weight were
also confirmed using the entire dataset (Figure 6). Ceratobasidium provided the main (and only)
negative correlation between fungal taxa and ADG (R = -0.65), with high confidence (p=0.023). On
the other hand, the non-identified OTU closest related to the order Tremellales, provided the highest
positive correlation with ADG (R = 0.67 and p = 0.018). The genus Cryptococcus was also positively
correlated with ADG (R = 0.58 and p = 0.049). All other fungi previously identified as increased by
the ALDEXx analysis presented weaker correlations.
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Figure 5. Ratios of OTUs closest related to the bacterial taxa and their correlation with daily gain of
weight in beef cattle’s rumen.
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Figure 6. Ratios of OTUs closest related to fungal taxa and their correlation with daily gain of weight
in beef cattle’s rumen.

4. Discussion

This study identified differences in microbial communities from rumen of heifers with
increased weight gain. To our knowledge, it's the first work that attempted to measure these
differences in heifers in natural grasslands from the Pampa Biome, a biome historically linked to
cattle breeding [32,33]. Here, we presented multiple evidences supporting previous works about
general structure of rumen microbiota and added knowledge about the association of microbes with
weight gain, a key factor for beef production.

Once we established groups of animals with highly contrasting weight gain (Figure 1), kept for
more than two years in the same conditions (Tables 1 and 2), we showed the overall community of
heifers was similar in diversity of phyla (Figure 2 and 3) and in richness of microbial taxa (Figure 4),
irrespective of the weigh gain. Several studies postulated the rumen microbiome presents a stable
community [2,15,17,34-36]. These reports indicated a high dominance of Bacteroidetes species
inhabiting the ruminal fluid within various environments and conditions, followed by a smaller, but
consistent, presence of Firmicutes. Our results are aligned with those findings (Figure 2), as well as
with findings about fungal samples which were not correlated to any dominant phyla in rumen
neither in the literature nor in our work (Figure 3) [2,17,34,37].

Differences between ADG classes were tested at the OTU level. Results from PERMANOVA
analyses (Table 3), indicated reliable differences between higher and lower ADG groups. In fact,
analyzing bacterial samples at the OTU level, we showed a strong increment of various taxa
associated to digestion processes in animals with higher ADG (Table 4). The unclassified RFN20, for
example is a rumen-specific bacterium member of the subclass Erysipelotrichia, which was previously
correlated to mice under high fat diets [38,39]. Additionally, Anaeroplasma is a genus characterized
by its anaerobic fermentation which products fatty acids as propionate [40] whereas Prevotella
produces majorly succinic and acetic acids [41]. All of them are short chain fatty acids important to
the glucose biosynthesis in cattle [2]. Lastly, the family BF16 is also a rumen-native taxon with higher
abundance in mature calves and also correlated to methane production [42,43]. All of these taxa
were previously reported as members of the regular and efficient microbiota from rumen and their
increased abundance may indicate an improved ability to digestion or, at least, a need for more
specialized fermentation in rumen due to, for example, more food intake.

Nonetheless, the case of Prevotella OTUs deserves additional attention. Despite two OTUs
assigned as Prevotella presented higher abundance in higher ADG samples, another OTU also related
to the genus Prevotella was increased in the lower ADG group (Table 4, Figure 6). The Prevotella is a
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very complex genus and its species are can adapt to the most different environments [44]. In
addition, this dubious role of ruminal Prevotella species in states of good or bad production were
previously reported in milk production. Chiquette and colleagues, for example, showed that a strain
of Prevotella bryantii acts as probiotic increasing the fat content in milk [45] whereas Jami and
collaborators found an OTUs assigned as Prevotella negatively correlated with milk-fat yield [16]. For
this reason, we believe that we found different Prevotella species that may be related to higher and
lower weight gain.

Within the fungal communities, the three genera assigned as increased in higher AGD heifers
present characteristics that may increase the animal’s digestibility (Table 4). Aureobasidium is a genus
of yeast-like fungi with a great genomic plasticity that allows it to adapt to the most different
environments [46,47]. This genus produces a high number of Carbohydrate Active Enzymes (CAZy),
which synthesize or breakdown saccharides and are very important for the ruminal digestion of
organic matter [48]. Cryptococcus is a genus of soil-resident fungi correlated to degradation of wood
and associated with bird excreta [49,50]. This curious association may be explained by the
production of phenol oxidases, enzymes that increase the absorption of carbon and nitrogen besides
acting in lignin degradation, carbon mineralization and dissolved organic carbon exportation [51].
Sarocladium, is a known phytopathogen specialized in secretion of enzymes that degrade the cell
wall and other hard plant cellular components [52-54]. Additionally, Sarocladium is an endophytic of
Poaceae species, the main family in the native Pampa grasslands [55].

Alongside the identified genera, we identified two OTUs also correlated to the higher weight
gain only classified at the order level (Table 4). Tremelalles and Pleosporales represents a wide range of
fungi from yeasts to filamentous fungi. Most of them are cosmopolitan saprophytes, but others are
described living in vascular plants [56-59]. Because of this, we are not able to suggest biochemical
mechanisms that explain the relationship among these families and a higher weight gain.
Nonetheless, the aforementioned genus Cryptococcus is included in the order Tremellales [56], which
may support the presence of it and/or other close related taxa to an increased weight gain.

On the other hand, we found an OTU closest related to the genus Ceratobasidium as increased in
lower ADG group. This genus comprises a set of cosmopolitan fungi, most of them saprophytes in
the soil [60]. Some strains of this genus, however, have been successfully tested as a tool for
biocontrol of the plant pathogen Rhizoctonia solani [61]. These findings may suggest an action of
Creatobasidium as a strong competitive microbe in the rumen environment of these animals and may
lead to a low abundance of other microorganisms with phytopathogenic activities that may improve
the digestion process, what is supported by its direct correlation with lower gain of weight (Figure
6).

In general, these findings suggested a core of microbes correlated to an increased weight gain in
cattle. Either in bacteria or in fungi we found taxa associated with higher fermentation and digestion
rates increased in higher ADG group. Most of them are known to be specialists in producing
substances important for plant organic matter degradation, what increases the digestion and
consequently, the absorption of nutrients and gain of weight. Alongside, the presence of these
microorganisms may increase the food intake by cattle, once a faster digestion may lead to more
opportunity for more food intake.

The use of microorganisms in cattle nutrition is not novel. However, the currently available
products are focused in a narrow range of species, mainly yeasts from the genera Saccaromyces and
Kluyveromyces [62]. Our results have found no significant correlation of these genera with weight
gain. On the other hand, we found a yeast that is naturally present in rumen environment correlated
with a higher weight gain: Aureobasidium. Its aforementioned production of CAZymes may be linked
to a higher efficiency in degradation of plant carbohydrates and supports future studies to evaluate
possible benefits that this genera can induce in beef cattle breeding. The same perspective is
expected for the bacterial genus Prevotella, which have shown good results in production chain with
some lineages [45] and for the genera Anaeroplasma and RFN20, both of them highly correlated with
high weight gain (Figures 5 and 6) and may be important for cattle nutrition either individually or in
a consortium. The study of Ceratobasidium, on the other hand, as a suppressor of weight gain may
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also be necessary, once this genus was pointed as strongly correlated with lower weight gain (Figure
6).

5. Conclusions

Here, we showed microbial patterns associated with increased weight gain in beef cattle from
natural grasslands of the Brazilian Pampa. The results point to microorganisms with high ability to
produce specific compounds related to a better digestion process. Those microorganism are not
currently available in commercial products focused in improving cattle nutrition and might be focus
of studies for the development of new and more efficient probiotic products. This report may also be
important for future research for biomarkers of productivity and for microbial therapies to improve
productivity in beef cattle causing less environmental damages.
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