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Introduction

Tall fescue is one of the most widely used cool-season forages in the United States. However,
it i1s frequently infected with an endophytic fungus that produces ergot alkaloids (mainly
ergovaline), which can induce fescue toxicosis in grazing cattle. Fescue toxicosis represents
the most costly health-related condition affecting the U.S. grazing industry, with estimated
annual losses exceeding $2 billion (Kallenbach, 2015).

Consumption of ergot alkaloids disrupts several physiological systems. These compounds
inhibit prolactin secretion, a hormone with key roles in immune regulation (Spangelo and
Gorospe, 1995; Rice et al., 1997). Reproductive performance is also adversely affected, with
cows grazing endophyte-infected tall fescue showing a 41% reduction in conception rates
compared with those grazing endophyte-free pastures (Schmidt et al., 1986). Evidence
suggests that the period of greatest susceptibility to ergot alkaloid—induced reproductive failure
occurs around ovulation and during the first six days of embryonic development (Burke and
Rorie, 2002; Schuenemann et al., 2005). In addition, ergot alkaloids undergo extensive
metabolism in the rumen (Ayers ef al., 2009); therefore, the ruminal microbiota may play an
important indirect role in modulating animal responses to toxic fescue.

Overall, fescue toxicosis is a complex, systemic condition affecting growth, immune function,
and reproductive efficiency. A comprehensive understanding of organism-wide molecular and
microbial responses is therefore essential for identifying biomarkers associated with tolerance.
The objective of this study was to characterize immune, reproductive, and microbial responses
of beef heifers exposed to endophyte-infected tall fescue compared with control heifers.

Materials & Methods

Twenty-four Simmental X Angus heifers were assigned to either endophyte-infected (E+; n =
12) or endophyte-free (E—; n = 12) tall fescue seed treatments for 49 days (Figure 1). Both
treatment groups included progeny from four sires with equal representation. Fescue seed
quantities were calculated to deliver an ergovaline dose of 20 pg/kg body weight/day to E+
heifers, while E— heifers received an equivalent quantity of endophyte-free seeds. All animal
procedures were approved by the Institutional Animal Care and Use Committee (IACUC) at
the University of Illinois at Urbana-Champaign. Throughout the trial, E+ heifers exhibited
classical signs of fescue toxicosis, including reduced feed intake and body weight, as well as
increased rectal temperature and respiration rate (P < 0.05) (Takashe et al., 2026).

Sample collection and sequencing. At the end of the trial, blood and fecal samples were
collected, and oocytes were aspirated for multi-omics analysis targeting three biological
systems: 1) Immune response profiling: Peripheral blood mononuclear cells (PBMCs) were
isolated using the Ficoll-Paque™ Plus according to the manufacturer’s instructions and
preserved in RNA/ater at -80°C. Total RNA was extracted and submitted for RNA sequencing
(n = 12; 6 per group). 2) Maternal molecular effects on embryo transcriptome: Aspirated
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oocytes were in vitro fertilized, using semen from a single bull, to generate embryos (n = §; 4
per group). Blastocysts at day 7 of development were directly processed for RNA library
preparation using the SMARTer® Stranded Total RNA-Seq Kit v3, which incorporates unique
molecular identifiers (UMIs) to enable removal of PCR duplicates during downstream analysis.
RNA sequencing was performed on the Illumina NovaSeq X Plus platform to generate 150 bp
paired-end reads. 3) Microbial profiling: fecal samples were stored at -80°C until DNA
extraction. Microbial DNA (n = 24, 12 per group) was sequenced using the PacBio Kinnex
platform to generate full-length 16S rRNA gene reads.
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Figure 1. Experimental design and multi-omics framework used to investigate the effects of

fescue toxicosis across biological systems. Heifers were exposed to control (E-) or toxic fescue (E+,
Treatment) for 49 days. Three omics approaches were performed: transcriptomic profiling of immune cells
(black arrows), transcriptomic analysis of blastocysts (red arrows), and microbial profiling (green arrows).
Downstream analyses were conducted to identify treatment-associated differences and biological pathways
affected by fescue toxicosis.

Bioinformatic and statistical analyses. RNA-seq data from PBMCs and embryos were
assessed for quality using FastQC and trimmed using Trimmomatic (Bolger et al., 2014).
Filtered reads were aligned to the bovine reference genome (ARS-UCD2.0) using STAR
(Dobin et al., 2013). For embryo RNA-seq data, PCR duplicates were removed based on UMIs.
Gene-level read counts were generated using STAR. For microbiome analyses, 16S rRNA gene
sequences were processed by removing adapters, chimeric sequences, and mitochondrial reads.
For sequence denoising the R package “DADA?2” (Callahan et al., 2016) was used. Amplicon
Sequence Variants (ASVs) were inferred and taxonomically assigned at the phylum and genus
levels using the SILV A reference database (Pruesse et al., 2007).

Differential analyses comparing E+ and E— heifers were conducted independently for each
dataset. Gene expression analyses for PBMCs and embryos were performed using the R
packages “edgeR” (Robinson et al., 2010) and “limma” (Ritchie et al., 2015), respectively.
Microbial relative abundance comparisons were conducted using “DADAZ2”. Alpha diversity
was evaluated using Shannon and Simpson diversity indices (Simpson, 1949), while beta
diversity was assessed by permutational multivariate analysis of variance (PERMANOVA)
(Mcardle and Anderson, 2001). Statistical significance was determined using adjusted P-values
for False Discovery Rate (FDR) < 0.05 (Benjamini and Hochberg, 1995). To account for
genetic background and potential tolerance effects, sire was included as a blocking factor in
the PBMC and microbiome models.



Functional enrichment analyses. To identify biological pathways and molecular mechanisms
associated with fescue toxicosis, functional enrichment analyses of differentially expressed
genes (DEG) between the two groups were performed using gProfile (Raudvere et al., 2019).

Results

A sire effect was detected on PBMCs gene expression in 92% (14,348) of the expressed genes
(P <0.05). Similarly, sire influenced fecal microbiome composition, affecting both alpha and
beta diversity metrics (P < 0.05).

Comparison of PBMC gene expression between the treatment groups identified 64 DEGs,
including 11 upregulated and 53 downregulated genes in the E+ heifers relative to E— controls.
Functional enrichment analysis revealed significant effects in pathways related to complement
and coagulation cascades, the innate immune system, and neutrophil degranulation pathways,
as well as biological processes associated with vasculature development, immune function, and
inflammatory responses.

Embryos derived from E+ donors exhibited 79 DEGs, all of which were upregulated compared
with embryos from E— heifers. Enrichment analysis indicated that these genes were primarily
involved in gastrulation, primary germ layer formation, cellular proliferation, differentiation,
motility, and migration, response to stress, and coagulation-related processes.

Analysis of fecal microbiome composition revealed significant shifts associated with fescue
toxicosis. E+ heifers exhibited increased relative abundance of the phylum Desulfobacterota
(log fold change = 2.33) and decreased abundance of Actinobacteriota (log fold change =
-1.44). At the genus level, Bifidobacterium abundance was significantly reduced in E+ heifers
(log fold change = -2.61).

Discussion

Functional enrichment analysis of PBMC DEGs revealed disruptions in inflammatory and
immune-related processes, vascular regulation, and cytokine production, consistent with
impaired immune competence associated with fescue toxicosis. Specifically, multiple
components of the complement system (C/QC, C54R1, C1QA, CLU, CD59, C3ARI genes)
were downregulated in E+ heifers, suggesting suppression of the innate immune system.
Although significant differential expression was detected, we acknowledge that bulk PBMC
transcriptomic profiles may partially reflect changes in immune cell population composition,
rather than, or in addition to, transcriptional regulation within specific cell types.

Embryos derived from E+ heifers exhibited a striking transcriptional pattern, with all identified
DEGs being upregulated relative to embryos from E— donors. Many of these genes are typically
activated at later developmental stages, suggesting premature gene activation and potential
developmental dysregulation. In bovine embryos, gastrulation and primary germ layer
formation normally occur around days 13-15 of development (Zhang and Smith, 2015), well
after the stage (day 7) at which samples were collected in this study. Early activation of
developmental genes may disrupt the temporal coordination of cell fate specification,
proliferation, and differentiation, which can constrain the embryo’s developmental potential
(Graf et al., 2014; Zhang and Smith, 2015). These alterations may contribute to the reduced
fertility commonly observed in cattle exposed to ergot alkaloids and suggest that maternal
exposure to fescue toxicosis may influence early embryonic development through altered
oocyte or maternal molecular contributions.

Alterations in fecal microbiome composition further support the systemic nature of fescue
toxicosis. The reduced abundance of the genus Bifidobacterium in E+ heifers may contribute
to the decreased growth performance (Zhuang et al., 2024) previously reported in the E+
heifers (Takashe et al., 2026). Bifidobacterium belongs to the phylum Actinobacteriota, which
was also reduced in E+ heifers and is known to influence immune homeostasis (Binda et al.,



2018). In contrast, an increased abundance of Desulfobacterota was observed in E+ heifers.
Although this phylum has not been associated with classical signs of fescue toxicosis, a
previous study has linked Desulfobacterota to an increased risk of ruminal acidosis (Wu et al.,
2024). Together, these microbial shifts may exacerbate metabolic and immune stress,
potentially amplifying the negative physiological effects of fescue toxicosis.

Conclusions

Collectively, this integrated multi-omics analysis reveals coordinated immune suppression,
early embryonic transcriptional dysregulation, and microbial shifts in heifers exposed to fescue
toxicosis. These findings provide new insights into the biological architecture underlying
fescue toxicosis and highlight candidate pathways and microbial signatures that may inform
future genomic and management strategies for improving animal tolerance.
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