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Forewords

As the global population continues to grow, the demand for crop and livestock products is also
expected to increase. At the same time, climate change and other environmental factors create
new challenges for the agricultural industry. For example, changing weather patterns and extreme
weather events can impact feed availability, disease incidence, and productivity.

To address these challenges, there is a growing interest in developing new approaches to improve
agriculture’s productivity and sustainability. Studying the microbial community associated with a host
is @ new research field that can help understand what is needed for the necessary improvements.
Using high-throughput technologies such as next-generation sequencing and large-scale-based
metabolomics, we can comprehensively analyze the microbiome and associate these data with the
host’'s genomic, epigenomic, transcriptomic, proteomic, and metabolic profile. These approaches
enable researchers to analyze the complex microbial communities associated with agricultural
species at a systems-level, providing a more comprehensive understanding of their composition and
function. By identifying key microbial players, it may be possible to develop targeted interventions
that can help modulate the microbiome and improve host health and productivity.

In addition, developing and incorporating more sophisticated analytical methods, such as artificial
intelligence and language models, further enhance our ability to analyze the vast amounts of data
generated by these approaches. For example, machine learning algorithms can identify patterns
in the data and predict which interventions are likely to be most effective, which could accelerate
the development of new treatments and management strategies. Integrating omic and meta-omic
approaches with advanced technologies can transform the food production industry, enabling more
efficient, sustainable, and environmentally friendly production practices.

As it is imperative that graduate students have access to such knowledge, the “Sao Paulo School
of Advanced Science on Hologenomic Data Analysis for Agriculture” came to provide students and
young researchers an interdisciplinary vision of hologenomics and state-of-the-art knowledge on
how to analyze and integrate the analysis of different omics. Furthermore, this school also discussed
how these tools could improve the development of new agricultural management strategies.

Finally, we would like to acknowledge the support of the organizing institutions Embrapa and IQSC-
USP, Sao Carlos and also, the FAPESP and CNPq for funding the “Sao Paulo School of Advanced
Science on Hologenomic Data Analysis for Agriculture’.
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Coding and non-coding uterine exosomal contents
differ in early pregnancies produced by artificial
insemination and in vitro fertilization in cows"

Amanda de Oliveira Furlan™), Liza Margareth Medeiros de Carvalho Sousa(, Alessandra Bridi®, Flavia Regina
Floréncio de Athayde(", Maria Fernanda da Silva Lopes(”, Mariana Cordeiro Aimeida(®, Juliana de Souza Felix", Natalia
Francisco Scaramele", Paula de Carvalho Papa Keohane®, Juliano Coelho da Silveira®, Roberto Sartori Filho®, Danila

Barreiro Campos®, Flavia Lombardi Lopes("

() Departamento de Produgdo e Saude Animal, Universidade do Estado de Sao Paulo (Unesp), Faculdade de Medicina Veterinaria,
Aracatuba, SP, Brasil.

@ Departmento de Medicina Veterinaria, Faculdade de Ciéncia Animal e Engenharia de Alimentos, Universidade de Sao Paulo (USP),
Pirassununga, SP, Brasil.

©® Departamento de Ciéncia Animal, “Luiz de Queiroz” Colégio de Agricultura (ESALQ), Universidade de S&o Paulo, Piracicaba, SP, Brasil.
@ Departamento de Cirurgia, Faculdade de Medicina Veterinaria e Ciéncia Animal, Universidade de Sao Paulo, SP, Brasil.

® Centro de Ciéncias Agrarias, Departamento de Ciéncias Veterinarias, Universidade Federal do Paraiba (UFPB), Areia, Brasil.
*Corresponding Author: flavia.lopes@unesp.br

The gestational process is described by several physiological changes to sustain and provide adequate
development of the embryo. Before and during pregnancy, effective communication between embryo/fetus
and mother is vital and extracellular vesicles can mediate cell-to-cell communication. Among the extracellular
vesicles, small vesicles known as exosomes with approximately (30-150nm) can act in maternal-fetal
communication and transport of RNAs (mMRNAs, miRNAs and IncRNAs) to other cells. MiRNAs contain about
19-25 nucleotides and function through post-transcriptional regulation of mMRNAs. LncRNAs contain over 200
nucleotides, and regulate gene transcription directly on gene promoters, on chromatin modifying enzymes
on mMRNAs an proteins, as well as acting as miRNA sponges by competing with mRNA for miRNA binding. In
mammals, miRNAs and IncRNAs have been found at all stages of development. Considering the prevalence
of in vitro fertilization on bovine production, despite its lower birth rate, we aimed to evaluate if there are
differences in coding and non-coding uterine exosomal content between pregnancies produced by artificial
insemination (Al) and in vitro fertilization (IVF). We collected uterine fluid from indicine cows at 18 and 32 days
of pregnancy, produced by Al and IVF, and separated vesicles corresponding in size to exossomes. Exosomal
total RNA was then extracted for transcriptome and microtranscriptome analysis by RNA-Seq and microarray.
Gene set enrichment analysis was performed for all treatment groups. A total of 21 significant (p<0.005) gene
sets were enriched in IVF18 x Al18 and 24 gene sets in IVF32 x Al32. Within techniques, 3 gene sets were
enriched in AlI32 x Al18 and 25 gene sets in IVF32 x IVF18. Of particular interest, pathways cytokine-cytokine
receptor interaction (IVF32 x IVF18) and cell adhesion molecules (IVF32 x Al32) were enriched. Differential
expression of exosomal INcRNAs was also performed, 435 IncRNAs were up- and 5 down-regulated in IVF32 x
AI32, and 30 were up- and 25 down-regulated in Al32 x Al18, whereas 1,208 were up- and 22 down-regulated
in IVF32 x IVF18. Through microtranscriptome analysis, 9 miRNAs were up- and 8 down-regulated in IVF18
x Al18, 5 up- and 8 down-regulated in IVF32 x Al32, 6 up- and 5 down-regulated in Al32 x Al18 and, and 11
up- and 2 down-regulated in IVF32 x IVF18. Differential exosomal content of coding and non-coding was much
more pronounced between days 32 and 18 in IVF pregnancies than in Al, suggesting that temporal changes
in transcripts can be influenced by reproductive technique. In summary, exosomes derived from Al and IVF
pregnancies have significantly different coding and non-coding transcript content, which could be associated
to failures in maternal-fetal communication in IVF, as these differentially expressed transcripts are involved in
several processes vital to early pregnancy.

Index Terms: Assisted reproduction, Epigenetic, Exosome, INcCRNA, microRNA.

Funding Agency: AAmanda de Oliveira Furlan was supported by a scholarship from the Coordenagéo de
Aperfeicoamento de Pessoal de Nivel Superior — Brasil (CAPES) — Finance Code 001.

This study was financed in part by the Sao Paulo Research Foundation (FAPESP, SP, Brazil, Project 2018/03798-8 and
14/00739-9) and BARD-US lIsrael Binational Agricultural Research and Development Fund grant 1S-4799-15.
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Genetic predictions and multi-breed GWAS for
traits of economic impact in beef cattle

André Luis Romeiro de Lima*, Fernando Flores Cardoso®, Gilberto Romeiro de Oliveira Menezes®, Fabio Luiz
Buranelo Toral®, Paulo Savio Lopes™

(' Programa de Pés-Graduagédo em Zootecnia, Universidade Federal de Vigosa (UFV), Vigosa, MG.

@ Embrapa Pecuaria Sul, Bagé, RS.

©®) Embrapa Gado de Corte, Campo Grande, MS.

® Programa de Pés-Graduagéo em Zootecnia, Universidade Federal de Minas Gerais (UFMG), Belo Horizonte, MG.
*Corresponding author: andre.romeiro@ufv.br

The weight gain in the post-weaning phase evaluates the animals, considering their genetic potential in the
absence of maternal effects. Tick counting is a distinctive trait that enables individual identification, offering
an alternative to infestations that cause significant economic losses. In a multi-breed context, a specific
breed’s genomic information may contribute to the other breeds, having greater relevance in situations in
which crossbred breeds are being proved together with their pure breeds. Allelic origin of crossed animals
and analysis of the predictive capacity of the genetic values using joint information from metapopulations are
relevant tools for the genetic evaluation of crossbreed animals. The aim of the study is to evaluate the traits of
tick count (TC) and post-weaning weight gain (ADG) for the Nelore, Hereford and Braford breeds under single
and multi-breed approaches. Genotype and phenotype data for the Hereford and Braford breeds were made
available by the Brazilian Association of Hereford and Braford (ABHB), while those for the Nelore breed were
made available by Mundo Novo Farm, Uberaba, MG. Firstly, analysis of (co)variance component estimates
for TC and ADW for the Nelore, Hereford and Braford breeds will be performed separately for each breed.
In the second step, the result of the single trait analysis of variance components and genetic values will be
used to predict the effects of markers in Genome Wide Association Studies (GWAS). In post-GWAS analysis,
candidate genes will be searched for in the SNP regions relevant to each trait. All analyses of estimates of
(co)variance components, predictions of genetic values and GWAS will be carried out using BLUPF90 family
software. After identifying the candidate genes associated with TC and ADW, the allelic origin in the Braford
breed will be identified following the BOA methodology. A multibreed GWAS will be carried out, considering the
Nelore, Hereford and Braford breeds as a single population, aiming to find overlapping genes in both breeds
that have already been described in single-breed GWAS. The coincidence in candidate genes between the
methodologies (single or multi-breed) will be evaluated, as well as whether the origin of the crossbreed alleles
(Braford) comes from the Nelore or Hereford population. Finally, a multi-breed genomic genetic evaluation
will be carried out for TC and ADG, with the results compared with those previously obtained for each breed.
The goal is to verify gains in accuracy or bias in predictions for the three breeds under multi-breed genetic
evaluation.

Index Terms: composite breed, candidate gene, genomic selection.

Funding Agency: Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico — CNPQ.
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Telomere-to-Telomere genome assemblies of
human-infecting Encephalitozoon species

Anne Caroline Mascarenhas Dos Santos(, Alexander Thomas Julian®, Pingdong Liang™, Oscar Juarez",
Jean-Frangois Pombert(

() Department of Biology, lllinois Institute of Technology, Chicago, IL, USA
*Corresponding author: jpombert@iit.edu

Microsporidia are diverse spore forming, fungal-related obligate intracellular pathogens infecting a wide range
of hosts. This diversity is reflected at the genome level with sizes varying by an order of magnitude, ranging
from less than 3 Mb in Encephalitozoon species (the smallest known in eukaryotes) to more than 50 Mb in
Edhazardia spp. As a paradigm of genome reduction in eukaryotes, the small Encephalitozoon genomes
have attracted much attention with investigations revealing gene dense, repeat- and intron-poor genomes
characterized by a thorough pruning of molecular functions no longer relevant to their obligate intracellular
lifestyle. However, because no Encephalitozoon genome has been sequenced from telomere-to-telomere
and since no methylation data is available for these species, our understanding of their overall genetic and
epigenetic architectures is incomplete. In this study, we sequenced the complete genomes from telomere-to-
telomere of three human-infecting Encephalitozoon spp. E. intestinalis ATCC 50506, E. hellem ATCC 50604
and E. cuniculi ATCC 50602- using short and long read platforms and leveraged the data generated as part of
the sequencing process to investigate the presence of epigenetic markers in these genomes. We also used a
mixture of sequence- and structure-based computational approaches, including protein structure prediction, to
help identify which Encephalitozoon proteins are involved in telomere maintenance, epigenetic regulation, and
heterochromatin formation. The Encephalitozoon chromosomes were found capped by TTAGG 5-mer telomeric
repeats followed by telomere associated repeat elements (TARESs) flanking hypermethylated ribosomal RNA
(rRNA) gene loci featuring 5-methylcytosines (5mC) and 5-hemimethylcytosines (5hmC), themselves followed
by lesser methylated subtelomeres and hypomethylated chromosome cores. Strong nucleotide biases were
identified between the telomeres/subtelomeres and chromosome cores with significant changes in GC/AT, GT/
AC and GA/CT contents. The presence of several genes coding for proteins essential to telomere maintenance,
epigenetic regulation, and heterochromatin formation was further confirmed in the Encephalitozoon
genomes. Altogether, our results strongly support the subtelomeres as sites of heterochromatin formation in
Encephalitozoon genomes and further suggest that these species might shutdown their energy-consuming
ribosomal machinery while dormant as spores by silencing of the rRNA genes using both 5mC/5hmC
methylation and facultative heterochromatin formation at these loci.

Index Terms: Computational biology, Encephalitozoon, Heterochromatin, Methylation, Protein structure, Telomeres.
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Use of systems biology tools to assess the
effects of fetal programming in beef cattle
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Systems biology is the field that studies the interactions between components of a biological system in a
holistic way, however it is still little explored in science due to the difficulty of integrating data from different
molecular levels. It is already known that the nutrition of pregnant mothers in livestock is an extrinsic factor
that can interfere with characteristics of productive interest throughout the life of the offspring, however the
mechanisms related to the effects of this highly complex process still require studies. This project seeks to
elucidate part of the mechanisms for multiomic and tissue integration in male Nellore animals that have been
identified with different prenatal supplementation strategies. This study will be based on 63 animals from 3
different nutritional prenatal treatments: NP - only mineral supplementation (common to all treatments), PP
- protein-energy supplementation in the final third of pregnancy and PC - protein-energy supplementation
throughout the gestation. This project is divided into 3 studies. In study 1, a multi-omic approach of liver from
selected animals will be carried out. The differential expression and co-expression networks of the genes will
be evaluated by transcriptomics. The metabolites present in that organ will be evaluated by the metabolomics.
These data will integrate with genomic data of 35 thousand single nucleotide polymorphisms (SNPs) to relate
to the performance of these bulls. In study 2, the systems biology approach using differential expression and
gene co-expression networks in the liver and skeletal muscle of bulls will be carried out by transcriptomics,
the profile of metabolites in plasma, meat, subcutaneous fat and liver will be evaluated by metabolomics and
profile of ruminal microbial communities will be evaluated by metagenomics. In this study, fetal programming
will be associated with multi-tissue transcriptomics and multi-tissue metabolomics and the integration of omics,
tissues and phenotypes of bulls from birth to slaughter. This project may demonstrate the biological basis of
the influence of fetal programming on the performance of Nellore animals.

Index Terms: Bioinformatics, Nutritional genomics, Omics sciences, Prenatal nutrition.
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Genome-wide association study for reproductive
traits in a maternal line of pigs.
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Pork is the most widely consumed animal-derived protein worldwide. To meet the demand, animals are
selected based on their performance. However, regarding reproductive and litter traits, studies indicate low
heritability and high genetic complexity, which makes genetic improvement of these traits slower and more
arduous. Therefore, the aim of this study is to identify single nucleotide polymorphisms (SNPs) associated
with teat number (TN), age at first mating (AFM), total number born (TNB), and number of live piglets at day
5 (LP5) traits through a genome-wide association study (GWAS). The data for this study are from a maternal
line of Large White pigs from a nucleus farm of the BRF Company, located in Santa Catarina State, Brazil.
The phenotype and pedigree databases contain data collected since 2001, with 16,797 and 187,847 records,
respectively. The genotype dataset was collected between 2011 and 2023 and contain information from
4,366 animals genotyped with the GGP Porcine 50K and Porcine SNP80 BeadChip panels from lllumina®.
For the analyses, the BLUPF90 family programs and the SNPs common to both panels (47,680) will be
used. Initially, the data will be renumbered using the RENUMF90 package to organize the data to be used
by the subsequent programs and to recode the pedigree. Then, with PREGSF90, sample and SNP quality
control will be performed, excluding those that do not meet the criteria for analysis, as well as animals with
inconsistencies in the relationship matrix. Furthermore, the GIBBSF90+ package will be used to estimate
variance components and genetic parameters based on the pedigree and genotypes of the animals. The
PREGSF90 package will be used to construct the hybrid matrix H and POSTGSF90 for the GWAS analysis.
Genomic windows of 1 MB will be used to estimate the SNP effects to identify relevant genes and SNPs.
Genomic windows explaining more than 3% of the genetic variance will be considered significantly associated
with the traits. Based on the initial and final positions of the significant windows, a search will be conducted
in the Ensembl database to identify and explore positional candidate genes. The DAVID and REViIGO tools
will be employed to perform functional enrichment analysis. Moreover, for the gene interaction analysis, the
STRING database will be accessed through the utilization of the NetworkAnalyst tool. These findings will
make a substantial contribution towards a deeper understanding of the genetic mechanisms underlying the
reproductive performance of the evaluated line, enhancing the accuracy of selection within this population.

Index Terms: genetic parameters, GWAS, candidate genes, BLUPF90, reprodutction.
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Comparative satellitome of distinct Scleropages
species (Osteoglossiformes, Teleostei): Insights into
repetitive DNA evolution in an ancient fish group.
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Satellite DNAs (satDNAs) are composed of tandem repeats of a DNA motif arranged from shorts to large sizes
arrays. These repetitive DNAs are commonly found in centromeric/pericentromeric chromosome areas and in
heterochromatin. Although initially considered as non-transcribed “Junk DNA”, new evidence gather have linked
these sequences with regulatory functions, such as centromere epigenetics and chromosome recombination.
The use of short reads sequencing data with specialized pipelines has enable the high throughput mining
of satDNAs, resolving the limitations of previous isolation methods. Thus, it is now possible to assess and
compare different species satDNAs catalogs, known as the “Satellitome”, shedding light into the evolutionary
process and molecular dynamics of these DNA sequences. By choosing three species of arowanas, named
Scleropages formosus, S. jardinii and S. leichardti, we query whether the recovered satDNAs would follow or
not the evolutionary relationships of these species, and tested for long-term sharing of any satDNAs. These
congeneric species, extensively analyzed by our research group, represents a good experimental model, as
they have well resolved taxonomic status, represents an ancient group withing Teleostei and present a well-
established phylogenetic tree. We sequenced each species in the BGISEQ-500 platform (BGI, Shenzhen
Corporation, China) and characterized their satellitome using the TAREAN pipeline. We assessed the
similarity and homology of each satDNA by combining different pipelines and python scripts, and group them
into variants (>95% similarity), family (80%-95% similarity) and superfamily (50%-80% similarity). Altogether,
we found 25, 22 and 23 satDNAs for S. formosus, S. leichardti and S. jardinii respectively, with great variation
in monomers size (6bp-4000pb) and predominance of A+T% rich (>50%) DNA sequences. Our interspecific
in silico homology search revealed 12 superfamily relationships and six variants among the sampled
arowanas, with great sharing of satDNAs between S. leichardti and S. jardinii, but not S. formosus. Although
being congeneric species, S. leichardti and S. jardinii diverged from each other approximately 9.3 Ma ago.
These findings, demonstrate an unusual conservation and sharing of satDNA catalogs, despite such a long
evolutionary divergence time. As Arowana genomes reveal ancestral patterns of evolution, by employing this
multispecies data collection, we can assess how satDNA families have evolve over time. To better elucidate
this scenario and prospect possible reasons for this sharing, future steps include the design of satDNA primers
for PCR procedures and Fluorescence in situ Hybridization (FISH) experiments, aiming to characterize the

chromosome location of these DNA sequences and understand their possible role in centromere regulation.
Funding Agency: FAPESP (2018/14677-6)

Index Terms: Cytogenomics; Satellitome; repetitive DNA; Arowana.
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LPL gene, a potential regulator of tail fat deposition in
sheep, revealed by allele-specific expression analysis
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In various sheep populations, the accumulation of fat in the tails exhibit remarkable variability. However,
the molecular mechanisms behind these phenotypic differences are not well understood. Allele-specific
expression (ASE) is one of these molecular mechanisms that refers to the difference in expression levels
between two alleles of a gene and is a common phenomenon in regulating the amount of expression in
mammals. In addition, since this phenomenon is likely driven by cis-regulatory mutations, scanning them
across the sheep genome is an important step to elucidate the underlying mechanisms of gene expression
regulation. From this perspective, the analysis of ASE may help to elucidate the genetic structure of complex
traits such as fat deposition in sheep. In the present study, 45 RNA-Seq datasets were used for variant calling
to perform ASE analysis. These datasets were obtained from seven distinct studies that compared the fat-tail
transcriptomes of sheep breeds with different tail fat contents. Using a rigorous computational pipeline, 115
genes exhibiting differential ASE were detected, which was narrowed down to four key genes (TCP1, LPL,
LRPAP1, and SOD3) by only considering those were found in multiple studies. Functional analysis showed
that ASE genes play important biological functions in the development and maintenance of fat tissue. Notably,
LPL emerged as particularly significant due to its presence in five studies, previous recognition as an ASE
gene, and well-established role in fat deposition. Our findings suggest that the complexity of traits like fat-tail
development is more comprehensively explained through diverse genetic interactions, including ASE. These
new insights suggest that biallelic expression may not be typical in sheep fat-tail development. Therefore,
the allelic expression imbalance in genes associated with fat deposition presents an additional dimension for
future genetic research aimed at enhancing sheep breeding practices’ effectiveness.

Index Terms: Allelic Imbalance, Lipoprotein lipase, RNA-Seq, Sheep.
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Utilisation of white and orange-fleshed sweetpotato in the growth
and reproductive phases of rabbit (oryctolagus cuniculus lam)
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The pressure on maize for livestock feeding has necessitated the use of non-conventional feedstuff such as
sweetpotato as alternative feed resource. Sweetpotato rootis limited by nutrient quality when compared to maize.
However, the composite of root and vine could enhance the nutrient quality. Current information on formulation
basedon sweetpotato composite forrabbitfeedingisinsufficient. Therefore, effect of composites of sweetpotatoon
growth and reproductive performance of rabbit were investigated. Roots and vine of sweetpotato varieties
(White-Fleshed-WF (T1S87/0087) and Orange-Fleshed-OF (CIP440293)) were analysed for total carotenoids
(Mg/mL), tannin (mg/100g), saponin (mg/100g), Crude Protein-CP, Ether Extract-EE and Crude Fibre-CF
using standard procedures. Composites of vine and root (35:65) of each of WF and OF were used to replace
maize in rabbit diets at: 0%-Control, 25%0F, 50%OF, 75%O0F, 25%WF, 50%WF and 75%WF. Weaner
rabbits (n=84), aged 7-8 weeks, weighing 567.6+13.7g were randomly allotted to the diets in triplicates of
four rabbits/replicate and fed ad-libitum for 72 days. Feed intake-FI (g), survivability, Dressing Percentage-
DP, CP and CF digestibility were determined using standard procedures. Does (n=25), aged 6-7 months,
weighing 2169.8+150.01g were randomly allotted to five treatments: control, 25%OF, 50%O0F, 25%WF and
50%WF with five replicates, in a completely randomised design. Body Weight Before Gestation-BWBG (g),
Body Weight at Parturition-BWP (g), Post Gestation Feed Intake-PGFI (g), and Litter Size at Birth-LSB were
recorded. Data were analysed using descriptive statistics and ANOVA at a0.05. Total carotenoids in OF
(2,182.3+40.2) and WF roots (2,057.4+90.4) were significantly higher than 1,511.9+100.5 and 1,297.9+122.7
in the corresponding OF and WF vine. Tannins 0.03+0.2 of WF vine were higher than 0.02+0.1 (OF root),
0.02+0.1 (WF root) and 0.02+£0.03 (OF vine). Saponins ranged from 0.3+0.04 (WF vine) to 0.41+0.1 (OF
root) while CP of 11.5+£0.3 (OF) and 11.4+£0.6 (WF) vine were higher than 8.1+0.6 (OF) and 5.3+0.3 (WF)
roots. Vine CF value of 6.9+0.3 (WF) was significantly higher than 6.6+0.1 (OF) vine, 6.4+0.3 (OF) root and
5.7+0.2 (WF) root. Diets 25%OF, 25%WF and control resulted in similar Fl of 50.1+1.6, 48.0+2.1 and 59.2+4.9,
while 50%0F, 75%O0F, 50%WF and 75%WF had lower FI of 43.1+ 3.4, 40.1+1.8, 37.3+2.2 and 33.8+3.1,
respectively. Survivability of 91.7£1.4% in control, 25% (OF) and 25% (WF) were higher than 75.0£1.6%
(50%O0F), 66.7+ 0.8% (50%WF), 58.3+0.6% (75%OF) and 58.3t 0.6% (75%WF). The DP ranged from
49.5+0.9% (75%OF) to 58.6+4.7% (50%WF). Crude protein digestibility of 82.3 + 2.5% (50%OF) was higher
than 77.1£3.6 (25%WF), 75.44£3.7 (75%WF), 75.3£0.5 (Control), 73.2+2.1 (50%WF), 73.1+2.4 (25%O0F)
and 72.1+1.6 (75%OF), while CF digestibility ranged from 25%WF (13.3+2.2%) to 75%OF (19.5£1.1%).
The BWBG ranged from 2,041.8+256.2 (25%WF) to 2,408.8+321.8 (Control) while BWP ranged from
2,214.24102.2 (WF 50%) to 2,707.0+122.5 (Control). The PGFI of 126.9+3.1 (25%WF) and 126.4+2.4 (25%OF)
were higher than 124.2+3.1 (50%OF), 123.4+2.1 (50%WF) and 121.2+1.6 (control) while LSB ranged from
4.0+0.9 (50%0OF) to 5.0+0.7 (25%WF;50%WF), showing the synergistic influence between composites of
sweetpotato and LSB. Orange-fleshed sweetpotato vine and root composites successfully replaced maize
in rabbit diets. The nutrient digestibility, overall growth and reproductive performance were enhanced.

Index Terms: Rabbit, Nutrient digestibility, Reproductive performance, Composite sweetpotato meal



Proceedings of Sdo Paulo School of Advanced Science on Hologenomic Data Analysis for Agriculture 19

Studies of candidate resistance genes
(MHC) in horses and donkeys
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Diseases in horses generate financial costs and concern for breeders, as these animals can be sensitive to
various diseases and the symptoms that affect them. Knowing this sensitivity, several studies were carried out
to identify which genes may be related to the resistance that some horse breeds present to these diseases.
Genes belonging to the Major Histocompatibility Complex (MHC) emerge as the main candidates for identifying
resistant animals. In equids, several studies have been observed that identify polymorphisms in MHC class
Il responsible for making some animals and/or specific breeds more resistant than others. Furthermore, it
is observed that the environment in which the animal/breed is inserted directly interferes with its ability to
survive. The Marwari breed, a horse adapted to inhospitable and desert regions of India, with polymorphisms
being identified in the DRB3 gene as possibly responsible for resistance. A similar phenomenon occurs
in the Brazilian Pantaneiro breed, which survives most of the year in flooded fields, and which commonly
affects horses with hoof problems. In addition, the animals of this breed are resistant to Equine Infectious
Anemia, as can be observed in the Lavradeiro breed. This fact can also be observed in donkeys that are
naturally more resistant to clinical signs of iliness, and may be related to the inhospitable environments in
which these animals survive. Therefore, it is necessary to understand the genetic mechanisms that involve
the resistance of some breeds as a result of diseases. To achieve this, we seek to identify polymorphisms
in the DRB3 gene and other genes belonging to the MHC that may be related to the resistance of native
Brazilian equine breeds to diseases such as equine infectious anemia. For this, biological material will be
collected from 10 animals of each equine breed (Arabian, Lavradeiro, Marajoara, Nordestino, Pantaneiro,
Puruca and Quarter Horse), and 10 animals of each donkey breed (Brazilian Donkey, Nordestino Donkey and
Péga Donkey), totaling 100 animal samples. Extractions of total genomic DNA, quantification of the extracted
DNA, sample dilutions and PCRs will be carried out. The primers to be used refer to the eight exons of the
DRB3 gene, and later other genes belonging to the MHC will be chosen and primers created. Next, the
PCR products will be subjected to agarose gel electrophoresis, purified, quantified and sequenced for both
primers. The sequences obtained will be edited, aligned and analyzed using the CodonCode Aligner 11.0
software. Therefore, the project proposes to carry out an analysis and characterization of the frequency of
polymorphisms in the DRB3 gene and other genes belonging to the MHC in the aforementioned equine breeds,
in order to identify possible polymorphisms related to the greater resistance of some breeds to diseases.

Index Terms: Immune system; DRB3; Equine infectious anemia; Locally adapted breeds; Equus.
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Potential target genes prospecting for RNAi-mediated control
of Mahanarva spp. spittlebugs in forage and sugarcane
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Spittlebugs of the genus Mahanarva emerge as one of the most limiting pests to grass production in Brazil,
causing major production losses that mainly affect the cultivation of forage grasses (Mahanarva spectabilis)
and sugarcane (M. fimbriolata). Currently, there are not many viable alternatives for containing these insects,
with the use of chemical pesticides being ecologically discouraged and biological control by Metarhizium
anisopliae still inefficient on a large scale. Interfering RNA technology has been gaining prominence in the
fight against herbivores, making it possible for plants to be resistant to specific species of pests in a more
ecological way. For development of this technique, it is necessary to understand the insect in a genomic
and transcriptomic level to find the best target gene for silencing. Therefore, the objective of this project
is to identify and test possible genes of interest for RNAi-mediated silencing in two species of spittlebugs,
Mahanarva fimbriolata and M. spectabilis, representing an innovative approach to controlling these pests.
Firstly, investigative genomic analysis will be carried out, with the assembly of genomes and transcriptomes, to
prospect genes related to insect development to be silenced. Afterwards, the chosen molecules will be tested,
validated in insects and then delivered in sugarcane. By using these methodologies, we hope to identify genes
with the best silencing potential and carry out proof of concept for them, contributing to the development of
alternative technologies for controlling two major pests in national agriculture. The project will be carried out in
partnership with Embrapa Pecuaria Sudeste and Instituto Agrondmico de Campinas.

Index Terms: gene silencing, pest control, plant-sap-feeding insects
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Characterization of genes expressed in donkey milk:
first step towards identifying biological potential
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The donkey population in Brazil is declining. Agricultural mechanization generates abandonment and
consequently indiscriminate slaughter due to the interest of Asians in the cosmetic properties of the species'
skin. It is necessary to propose alternatives for the production of donkeys that allow their conservation.
Milk production is one of them. Donkey milk is an excellent substitute for human breast milk, since it
is hypoallergenic. It is also used in the production of cosmetics. However, little is known about why
this product has these properties (not even the skin, which is more intensely used, is known). The study
of genes expressed in donkey milk and skin can be fundamental for better understanding the protein
profile to better understand its properties. It valorizes products of donkey origin, promoting conservation
of the species. Thus, organized production and conservation of the species can be promoted. Therefore,
in this study, the objective is to investigate variations in genes of milk proteins of donkeys, using the
Nordestino Donkey as a study model, an adapted genetic group that is undergoing a population reduction.

Index Terms: caseins, genetic diversity, local adapted breeds, milk allergy, neglected species.
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Effects of 3-nitrooxypropanol on the modulation of
rumen microbiota and enteric methane emission of
dairy calves during the first six months of life
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Given the global emphasis on reducing enteric methane (CH,) emissions from livestock, several mitigation
strategies are being studied. In Brazil, most animal production is carried out extensively on pastures, which
commonly present some level of degradation and a high intensity of CH, emissions, making it necessary to
mitigate these emissions. Evidence suggests that changes in rumen microbial colonization before weaning
of dairy calves may influence the ruminal microbiome and impact phenotypes later in the animal’s life.
Additionally, recent results show that the chemically synthesized CH, inhibitor 3-nitrooxypropanol (3-NOP) is
one of the most effective approaches for reducing enteric CH, in ruminants. However, studies with dairy calves
since birth under tropical and grazing conditions are still scarce. Thus, this project proposes to investigate
how dietary manipulation since birth can affect performance, microbial protein synthesis, CH, production,
serum and rumen metabolome, and ruminal microbial population of dairy calves, through modulation of the
ruminal microbiome. The experiment will be carried out at the Milk Production System of Embrapa Southeast
Livestock, located in Sao Carlos, SP, Brazil. A batch of dairy cows and heifers of the Kiwi breed from Embrapa
herd underwent a fixed-time artificial insemination (FTAI) protocol to synchronize the animals' estrous
cycles. Sixteen to twenty-three days later, these animals were inseminated during natural heat using sexed
semen from the same bull to ensure calving occurs as closely as possible, avoiding heterogeneity among
the animals. Fourteen newborn Kiwi female calves will be randomly distributed into two collective rearing
groups: treatment and control. The treatment group will receive the food additive 3-NOP at a dose of 3 mg/
kg BW/day orally from birth until 12 weeks of life, while the control group will receive a placebo at the same
dose. Metagenomic analysis will be carried out at weaning and in the sixth month of each animal's life. The
foundation of molecular techniques for studying rumen microbial ecology will be based on shotgun metagenomic
sequencing analysis. For the metabolomic profile of serum samples, blood samples will be collected at birth,
in the 1st, 2nd, 4th, and 6th months old, by venipuncture of the jugular vein before morning feeding. For the
metabolomic profile of rumen samples, the contents of all calves will be collected in the 1st, 2nd, 4th and 6th
months old. Metabolomic analysis of serum samples and rumen content will be carried out using Nuclear
Magnetic Resonance (NMR) equipment at 600 MHz for hydrogen frequency. For the statistical analysis, each
animal will be considered an experimental unit. The data will be analyzed as repeated measures over time.

Index Terms: 3-NOP; Greenhouse gases; Kiwi; Metabolomics; Metagenomics.
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Identification of novel mMRNA isoforms in abomasal lymph
node tissue of Scottish Blackface lambs affected by
Teladorsagia circumcincta gastrointestinal nematode
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Gastrointestinal nematode (GIN) infections are the most prevalent parasitic diseases in grazing sheep worldwide,
resulting in loss of sheep productivity, high mortality rate, subsequent economic losses and emerging animal
welfare problems. In temperate climates, including Canada, a wide variety of production-limiting nematodes,
such as Teladorsagia circumcincta (TC), Haemonchus contortus (HC), and Trichostrongylus spp., commonly
infect grazing sheep. Control of GIN requires costly anthelmintic treatments and proper pasture management.
However, anthelmintic residues in sheep and anthelmintic resistance in nematodes are major problems.
Assessment of the underlying host genetics and selection for increased GIN resistance are alternative strategies
to combat parasitic infections in sheep. Transcriptomics using RNA-Sequencing (RNA-Seq) can effectively
assessthedifferencesintranscriptome profile anditsimpacton GINresistance in sheep by identifying differentially
expressed (DE) mRNA isoforms (DEIls) generated by alternative splicing. We aimed to assess the underlying
genetics of GIN resistance in sheep by identifying DE novel and annotated DElIs using publicly available RNA-
Seq data (NCBI GEO accession id: GSE63547). Abomasal lymph node tissue samples from Scottish Blackface
lambs (n=20), classified as highly resistant (R; n=10) or susceptible (S; n=10) based on fecal egg counts. Large
Gap Read Mapping analysis were performed using CLC Genomics Workbench (|FC|>2; FDR<0.05).
The analysis revealed 30 DEIls (10 upregulated and 20 downregulated in S), including 6 novel
and 24 annotated DEls between R and S sheep at 7 days post-infection (psi). At 14 days psi,
3 novel and 19 annotated (6 upregulated and 16 downregulated in S) DEls were identified
between R and S sheep. Among them, WDFY4 involved in cell-associated antigens presentation
([FC|=9.48) and DOCKY9 involved in GTPase-mediated signal transduction (|JFC|=2.05) were the most
significant DEls upregulated in resistant sheep in the 7 and 14 d psi groups, respectively. Functional genomics
analysis of DEls, including metabolic pathway analysis, gene ontology and gene networks, were performed
using Reactome (FDR<0.05). A total of 9 and 4 metabolic pathways were significantly enriched (FDR<0.05)
and are primarily responsible for cellular physiological events, including immune response-associated factors
in S sheep at 7 and 14 d psi, respectively. This study will provide a better understanding of the etiology of
the disease by identifying key regulatory novel mRNA isoforms to enhance selection strategies for higher
GINresistant sheep with high productivity.

Index Terms: Gastrointestinal nematodes, sheep, resistance, transcriptomics.
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Unique genetic patterns in the genome of populations that have undergone a selection process are called
selection signatures. These signatures can point to genomic regions responsible for the expression of
economic traits under selection. In dairy cattle, the Holstein breed has been intensively selected to maximize
productivity, particularly in Canada and the United States. These countries are the leading exporters of
Holstein cattle genetics worldwide. This study aims to assess the impact of selection on the Holstein breed
genome by detecting selection signatures. Single nucleotide variants from 307 Holstein animals from
Canada and the United States were obtained from the 1000 Bull genome project (Run 9). Tajima’s D test
was computed with 50 kb windows using the VCFtools software. Only the bottommost 1% of windows were
considered potential selection signatures. Neighboring selection signatures were merged, resulting in 344
non-overlapping selection signatures. In the functional analysis, 1,556 QTLs and 445 genes were co-localized
with 220 selection signatures, including PLAG1, CAV1, BAD, and AQP1 genes. PLAG1 is a transcription
factor that regulates many genes and pathways. It is an important regulator of stature and has previously
been associated with milk composition, growth traits, and heifer livability in Holstein cattle. The CAV1 gene
was previously found downregulated in the mammary gland of Holstein cows with hemorrhagic mastitis, with
minor evidence of CAV1 protein in the vascular cells of affected cows compared with healthy mammary glands.
CAV1 was also previously observed to be upregulated in bovine ovaries exposed to elevated non-esterified
fatty acids (NEFA) compared to basal levels. During the negative energy balance, there is increased lipolysis
and high levels of NEFA in circulation, which may further affect fertility due to the excess accumulation of lipids
in the oocytes. The BAD gene controls apoptosis, or programmed cell death, in early embryo development
stages. While apoptosis is a normal occurrence in developing embryos, BAD overexpression can stimulate
embryonic death by sensitizing cells to proapoptotic signals, which is associated with poor pregnancy
outcomes. AQP1 plays an important role in cellular fluid dynamics and has been found to be expressed in
the cumulus-oocyte complex, blastocyst embryo stage, and the bovine mammary gland, where it may be
responsible for increasing permeability and, to a lesser extent, milk secretion. QTL related to milk production,
stature, growth traits, and reproduction were enriched (FDR<0.01). In conclusion, extensive genetic selection
to promote milk yield has led to a drastic increase in energetic demands and reduced fertility in Holstein cattle,
which can also be detected at genome level. Selection signatures related to milk production, reproduction,
growth, and health were found, identifying regions in the genome responsible for controlling those traits.

Index Terms: adaptation, dairy, selective sweep, taurine.
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A new IncRNA may impact bovine meat quality
through immune response pathways
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Long non-coding RNAs (IncRNAs) have emerged as regulators of various cellular processes, including meat
quality-related ones. Understanding the molecular mechanisms underlying IncRNA-mediated regulation of
these processes could provide valuable insights for improving meat quality through targeted interventions.
To investigate the potential involvement of INcRNA expression in Nelore cattle meat quality, a cohort of 192
animals, previously phenotyped for meat quality traits and productivity, was selected for the study. To extract
total RNA, a 100 mg sample of Longissimus dorsi muscle tissue was treated with Trizol reagent following
the manufacturer's instructions. The integrity of the RNA was assessed using the Bioanalyzer 2100, with
samples having RNA integrity numbers (RIN) above 7 being selected for further analysis. 2 ug of RNA from
each sample was employed for cDNA library preparation, following the TruSeq RNA Sample Preparation kit
v2 protocol. Subsequently, the libraries underwent sequencing on the lllumina HiSeq2500 system utilizing
the TruSeq SBS kit v3-HS (200 cycles). The reads underwent quality control (TrimGalore), mapping (STAR),
transcriptome reconstruction and quantification (StringTie), and detection of new IncRNA isoforms (FEELnNc).
The transcriptome reconstruction resulted in 141,614 transcripts distributed across 41,038 gene loci. Count
and prevalence filters were applied, and gene-level count data were converted to log2CPM, resulting in 17,453
genes. Co-expression analysis using WGCNA identified 24 modules centered around IncRNAs (hub genes),
which were further analyzed through partial correlation analysis to reveal potential IncRNA targets. Statistically
significant correlations, with a coefficient greater than 0,30 (for phenotypes) and 0.70 (for mRNA expression),
were selected for enrichment analysis. Our analysis revealed significant associations between IncRNA-mRNA-
phenotypes, indicating potential associations to meat quality traits such as shear force, water retention, fat
thickness, and pH. Notably, the novel IncRNA MSTRG.10975 (chr16: 67,424,465 - 67,424,709) demonstrated
correlations with 33 mRNA transcripts and shear force. Functional enrichment analysis highlights its involvement
in crucial biological pathways, including post-translational modifications (SUMO ligase complex), chromatin
remodeling (Cohesin Loading onto Chromatin), and immune/adaptive systems (IL-1 signaling pathway). The
interaction among SUMO ligase complex, Cohesin Loading into Chromatin, and IL-1 signaling pathway may
be related through post-translational modifications and immune response modulation. SUMO ligase complex
can affect IL-1 signaling proteins, while Cohesin Loading influences chromatin structure, possibly impacting
IL-1- responsive genes. Moreover, interleukins may impact meat tenderness by modulating inflammation, muscle
metabolism, and oxidative stress during pre-slaughter and meat maturation processes. Their role in enzyme
activity and muscle protein turnover also can influence meat texture. In conclusion, our study highlights the
potential role ofIncRNAs in modulating meat quality in Nelore cattle. By revealing significant correlations between
IncRNA-mRNA expression and meat quality traits, we offer valuable insights into the molecular mechanisms
underlying these complex traits. Ongoing efforts are being made to further elucidate these correlations.

Index Terms: INcRNA, mRNA, gene co-expression, meat quality, immune response.
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Meta-phenomics behind quinoa seed
priming, dormancy, and longevity
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Quinoa grain loss poses a significant worldwide productivity challenge, primarily due to storage deterioration.
Abiotic factors like temperature, humidity, and seed moisture exacerbate seed decay. These continuously and
rigorously occurring deteriorating events can be minimized via various enhancement techniques. Among them
priming have a promising effectagainstreduced seed longevity conditions (temperature, and humidity). Mediating
longevity-based losses against such aging conditions is a main element that spurs on researchers to unveil
various plethora of seed longevity in relation to seed enhancements, specifically their relative concentrations
and work board range including seed-water relations. Similarly, dormancy is another unprecedented life event
in seeds, which interacts with seed longevity. Limited insights into the genomics and molecular mechanisms
governing seed dormancy, and longevity in quinoa hinder effective seed storage practices. So, based on these
two aspects, priming can be employed as a solution. Therefore, it was hypothesized that when quinoa seed is
primed before storage atlow Relative humidity aging then there must be a chance of less deterioration, prolonged
seed longevity, and release of dormancy. In order to meet the study objectives, this study was designed in two
parts viz. phenotyping and genotyping. In the first experiment, 130 quinoa accessions after harvesting were
screened for dormancy associated seed longevity traits and then the screened germplasm was subjected to low
relative humidity aging for a period of 5 months, in “Seed Physiology lab, University of Agriculture, Faisalabad”.
Similarly, in the second experiment, pre-screened seeds were subjected to seed priming and then exposed
to artificial aging treatments (38°C and 33% relative humidity). Phynotypic results of seed traits (germination,
abnormal seedlings, and seed vigor index) have been found significant against seed aging, and dormancy.
Though, for further clarification the study would be repeated. In the next phase of the study, genotyping data
will be acquired for each experiment and analyzed in Luke Dunning’s lab, School of Biosciences, University
of Sheffield, Sheffield, UK. Based on results, the conclusions would be drawn and marker trait association
would be deducted through mixed linear model of GWAS. The markers of seed longevity, dormancy and
priming would be identified and compared with each seed trait. Relying on phylogenic assessments of these
traits, this study would also penlights the effect of harsh environmental shifts on some specific accessions and
prediction of seed’s prolonged shelf lives would be more evident with respect to their seed dormancy patterns.
The compelling protagonist of this research would be the use of data in favor of the systemic biology behind
these two quantitative traits (seed dormancy and seed longevity) and to fill the remnants of research gaps.

Index Terms: GWAS, productivity, genotyping
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Role of the microbial cycling genes in
biocrusts from extreme environments
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As climate change continues to impact the world, understanding the natural processes that regulate the
carbon cycle has become increasingly crucial. Biological Soil Crusts (BSCs), composed of microorganisms
such as cyanobacteria, algae, fungi, and lichens, have emerged as key players in this scenario.
Predominant in arid and semi-arid ecosystems, BSCs play a vital role in biogeochemical cycles, including
the fixation of nitrogen and carbon. These microbial communities not only contribute to soil fertility and
the reduction of erosion but are also efficient in capturing CO,, which is crucial for mitigating the effects
of climate change. However, there are still gaps in our knowledge about the functional diversity and
resilience of BSCs under stress conditions, such as increased CO, levels. BSCs have been found to be
crucial for soil stability, water and nutrient cycles, and trace gas exchange. However, the global coverage
of BSCs is projected to decrease due to human-induced climate change and land use intensification,
negatively affecting these processes. We have conducted an analysis of these BSCs in both environments,
the Atacama Desert and Antarctica, obtaining their chemical parameters (exchangeable cations, salinity,
moisture, Olsen phosphorus, total carbon, nitrogen). Additionally, a complete shotgun metagenomics
analysis of the samples was performed at zero-time, control, and treatment. This analysis shows
differences in genes, as well as in the taxa present in both samples from the Atacama Desert and Antarctica.
Besides observing differences in genes, we were also able to recover the genomes of different species
through the Metagenome-Assembled-Genome approach.Addressing these gaps and challenges in BSC
research is essential for developing effective and sustainable management strategies. This pioneering
study on BSC in extreme environments provides a crucial basis for future research and sustainable
management strategies to address the challenges of climate change. A deeper analysis is necessary
to explore the functional diversity and potential of BSC for agronomic applications and soil treatment.

Index Terms: biocrusts, microbiology, metagenomics, ecology, carbon.
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Genomic association for marbling in different pig breeds
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Pork is one of the most consumed animal proteins worldwide. Brazil ranks as the third-largest pork producer
globally, with the Santa Catarina State accounting for 29% of the National production. Marbling, which represents
the percentage of fat within the muscle fibers of the meat, has a direct impact on consumer purchasing
preferences. The heritability estimates for marbling is approximately 39%, highlighting the significant genetic
influence on this trait. However, the genes responsible for this variation remain unidentified. Hence, the project
aims to identify genomic regions and candidate genes associated with marbling in four lines of pigs: Large
White, Pietrain, Duroc and a synthetic line. Phenotypic data will be provided by BRF Company. Animals of each
breed will be classified into two groups based on high and low marbling percentage, with tail tissue samples
utilized for DNA extraction. Genotyping will be performed with the lllumina GGP Porcine 50K SNP chip. Quality
control of samples and genotypes, along with genomic association analysis in a case and control design, will
be executed using PLINK 2.0. Upon identifying the genomic regions associated with marbling, a search for
candidate genes within these regions will be carried out using several public databases. It is expected through
the analyses, to identify markers and candidate genes that can be used in assisted selection to enhance the
marbling of different breeds of pigs.

Index Terms: genotyping, GWAS, swine.
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Leaf senescence in sunflower: systemic approach to a
complex event with impact on genetic improvement
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Leaf senescence represents the terminal phase of leaf development, characterized by a decrease in
photosynthetic activity, active degradation of cellular structures and recycling of nutrients to growth-active
regions of the plant, such as shoots, young leaves and reproductive structures. This process is important
from an economic point of view, as it impacts crop yield by affecting the plant's ability to maintain an active
photosynthetic system, especially during critical growth phases such as grain filling, which impacts total plant
biomass and oil content. In the context of climate change, it is crucial to understand leaf senescence, as it could
be influenced by various stresses or environmental conditions, thus limiting yield in agronomically important
crops. Sunflower (Helianthus annuus L.) is a crucial economic crop for its protein and high quality oil content
rich in polyunsaturated fatty acids. Leaf senescence, governed by genetic and environmental factors, affects
crop performance by prolonging the duration of photosynthesis and allowing more efficient remobilization
of nutrients to support plant reproduction. Advances in genomics and functional genomics have catalyzed
the discovery and characterization of genes involved in these processes, highlighting the role of functional
genomics in integrating transcriptomics, proteomics and metabolomics data for a robust analysis of gene
function. In this work, the stability of two sunflower genotypes with widely described responses to nitrogen
(N) conditions was evaluated in the breeding program of the National Institute of Agricultural Technology
(INTA). Focusing on genotypes R453, which exhibits early Instituto de Agrobiotecnologia y Biologia Molecular
(IABIMO)- IB Centro de Investigacion en Cs. Veterinarias y Agronomicas (CICVyA)-CNIA INTA-CONICET Dr.
N. Repetto y De Los Reseros s/n B16861GC — Hurlingham Provincia de Buenos Aires, Republica Argentina
Teléfonos: 54+011 3754-8400 “2024-Afo de la defensa de la vida, la libertad y la propiedad” senescence, and
B481-6, characterized by delayed senescence, under contrasting nitrogen availability but identical ontogenetic
cycle length, this study seeks to elucidate their yield stability under control conditions and varying N supply.
This research explores the impact of nitrogen fertilization on sunflower yield and grain quality, with emphasis on
soil supply, genotypic traits and water availability throughout the crop cycle. In particular, nitrogen is critical in
the processes of growth, development, leaf senescence and yield generation. Crop yield is directly influenced
by the duration of leaf area between flowering and physiological maturity, with nitrogen use efficiency (NUE)
being a critical parameter reflecting the crop's ability to assimilate and utilize nitrogen from edaphic sources.
The results from this project will contribute to elucidate the pathways involved in the differential triggering
and progression of the senescence process in sunflower and its stability under different N nutrition profiles,
allowing the detection of biomarkers useful for genetic improvement of this edible oil crop of great importance
for Argentine production. In addition, the study approaches the "stay green" genotype condition as a strategy to
mitigate premature senescence, potentially extending the period of photosynthetically active radiation uptake,
which affects several yield-related parameters. Instituto de Agrobiotecnologia y Biologia Molecular (IABIMO)-
IB Centro de Investigacion en Cs. Veterinarias y Agronémicas (CICVyA)-CNI.
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The genome is an advanced data storage system consisting of long sequences of nucleotide base pairs (‘a’
= Adenine, ‘¢’ = Cytosine, ‘g’ = Guanine, ‘¢ = Thymine) that completely encode the instructions to rebuild
and regulate the cell and, by extension, the organism itself. The genome is also a language in itself, being
the nucleotides letters, genes the words, and functional pathways the phrases, with its own syntactic rules
defining how genes should interact with each other. Over the past few years, Transformer architectures have
evolved to become the de facto foundational processing engines for learning linguistic patterns in massive
text corpora (e.g. GPT-4, Gemini, Claude). These foundation models further provide a computational baseline
supporting a plethora of specific tasks, like text generation, classification, translation, summarization, and many
more. As the architecture of these models improved to process sequences of gradually increasing length, a
new field of Genome Foundation Models has emerged in which Transformers and its potential successor
technologies are trained on massive genome datasets. Typically, these models intend to classify segments of
DNA sequences according to a certain classification task, like enhancer detection or splice site detection, or
to generate new sequences. However, some problem statements can be better addressed by extracting the
hidden representation of sequences after they have been processed by the Genome Foundation Model. These
hidden representations are commonly known as “embeddings” and are stored as a numerical representation
(vector) with 512 to 4096 dimensions depending on the Genome Foundation Model architecture. Calculating
the inner product between two embeddings provides a similarity score (e.g. cosine similarity) to evaluate the
likeness of two input sequences. Using sequence similarity scores can be an efficient and computationally
lightweight solution where sequences must be classified into hundreds to thousands of classes as is required
for the taxonomy assignment of sequences down to the family, genus, or species level. Here, we present
a framework for an alignment-free bacterial taxonomy classification using Genome Foundation Model
embeddings of bacterial 16S gene sequences.

Index Terms: bacteria, 16S, genome foundation models, dna, alignment, taxonomy, bioinformatics.
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It has been documented that 90% of pediatric HIV transmission is from mother-to-child. Despite the milestone
achievements of Prevention of Mother-to-child Transmission (PMTCT) of HIV program, Nigeria currently
has the highest burden of mother-to-child transmission globally. This may be attributed to poor coverage
and dearth of novel techniques to halt the spread of HIV/AIDS while mother to child transmission (MTCT)
has remains a significant contributor to the pandemic disease. This study utilized an array of different top
features machine learning techniques to investigate and predict HIV/AIDS transmission from mother-to-
child in order to understand better the contributing factors to the pathogenesis of MTCT of the disease. An
analytical retrospective cohort study of HIV-infected expectant mothers and their neonates following delivery
and also receiving care in the Anti-retroviral clinic of Lagos University Teaching Hospital, Nigeria. The study
was conducted on 600 HIV-infected women in July 2023. The variables for each patient were initially captured
in the National PMTCT maternal cohort register for the mothers and National PMTCT child for the infants.
Variables captured include date of enrollment, age, point of entry whether postpartum or gravid, viral load,
family planning methods, infant testing using two polymerase chain reaction (PCR) tests either at birth and/
or 6 weeks, and a second test 6 months later or a rapid test done at 9 months due to changing program
protocol over the years, mother anti-retroviral treatment, infant anti-retroviral treatment. Four machine
learning (ML) techniques were engaged using R statistical software. The four ML algorithms used were:
Logistic Regression (LR), Decision Tree (DT), Random Forest (RF) and Naive Bayes (NB). The data for
the machine learning model was split into training and testing dataset in ratio 80:20. The numerical features
were also standardized while hyper-parameter tuning was carried out on the machine learning algorithms.
The mean age of women was 37.416.1years, mean infant gestational age at birth was 38.1+0.5 weeks,
mean infant weight at birth was 3.0+0.6kg. A larger percentage of the women have secondary education
(61.2%) while close to half of them were married (47.5%). Infant anti-retroviral therapy (x2=41.367, p<0.001**)
and type of delivery (x2=5.304, p=0.021**) were found to be significantly associated with HIV outcome
of infants of the top 17 features (variables) considered for both mothers and infants in the analysis, The
RF model gave the best evaluation metrics for the prediction of HIV/AIDS in mother-to-child transmission.
with: accuracy (81.8%), precision (83.1%), recall (90.2%) and F1-score (74.9%), roc-auc (88.7%).
ML techniques can help with early HIV testing in expectant women, individualize treatment regimens, and
increase the precision of transmission risk evaluations. To lower transmission rates and improve mother
and child health, healthcare providers can utilize machine learning innovations to assist them make well-
informed decisions and allocate scare resources efficiently in Nigeria and other sub-Saharan African countries.

Index Terms: HIV-Infection, Vertical Transmission, Machine Learning, Random Forest, R programming.
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Gastro-intestinal ascarid infections with Ascaridia galli and Heterakis gallinarum and associated histomonosis
infection pose a significant threat to poultry production by impairing feed intake, nutrient absorption, and
weight gain (Stehr et al., 2019). While the liver plays a central role in metabolism, its functions may switch to
immunerelated pathways when challenged by these infections. With the major advancement in multi-omics
techniques, we can understand parasite interaction at the system biology level—an essential prerequisite
for making progress towards sustainable agriculture. Here, using datasets from two -omics experiments, we
provide the first mechanistic insight into the alteration of the chicken transcriptome and metabolome profiles
due to nematode infections. The first dataset was obtained from 1H-NMR metabolomics experiment designed
to explore the variation in the metabolite profiles of the liver and plasma in laying hens experimentally infected
with a mix of A. galli and H. gallinarum and necropsied at 2 weeks post-infection (wpi 2). In the second
dataset, RNA-Sequencing was carried out to investigate gene expression in the livers of three genotypes
of infected broilers with extremely different growth rates.There were significant (P<0.05) alterations in the
plasma metabolites. The concentration of all significantly different metabolites was upregulated in the infected
chickens. However, no significant differences were found in the liver metabolites in both the infected and non-
infected groups. Pathway analysis showed that infection induced the strongest significant changes in amino-
acids metabolism pathways. Whereas in the RNA-Seq experiment, a total of 1927 differentially expressed
genes (i.e. 18.1% of annotated genes) was identified due to the infection effect (P < 0.05). Gene ontology of
upregulated genes revealed increased transcriptomic activity related to immune responses in two fast growing
broilers. On the other hand, downregulated genes were involved in metabolic pathways, including amino acid
and glucose metabolism.Our data collectively suggest that heightened metabolic responses represents the
high metabolic cost of defence against parasitic infection while the transcriptome changes further revealed
that the liver of infected chicken is more occupied with immune related activities than its primary metabolic
functions indicating a switch in functions during concurrent parasitic infections.

Index Terms: Ascaridia galli, Heterakis gallinarum, Histomonas meleagridis, immune response, metabolic response, host-
parasite interaction, omics.
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Enteric methane emissions constitute a significant environmental concern, leading Brazil to commit at the 26th
Conference of the Parties (COP26) in 2021 to reduce methane emissions by 30% by 2030. As the livestock
sector is one of the main contributors to methane emissions, mainly through the process of enteric fermentation
of ruminants, it is necessary to use strategies to achieve the goals defined by COP 26. Among the various
methods, the manipulation of diet stands out. In this way, it is important to study how modulations in bovine
diets cause physiological changes in the organisms of ruminants. Since the liver plays a key role in regulating
energy balance and general metabolic physiology, it is essential to investigate the biomarkers associated with
the metabolism of the bovine liver. In view of this, this study focuses on the evaluation of polar and apolar
metabolites of the Nelore bovine liver to understand how the various nutritional interventions can contribute to
the mitigation of methane. A total of 52 liver samples from castrated male bovine animals, Bos indicus (Nelore),
subjected to various diets, including conventional and by-products-based diets, were analyzed. Extraction
procedures have been employed for polar and apolar compounds, and analytical techniques such as nuclear
magnetic resonance spectroscopy (1H NMR) and matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry (MALDI-TOF/MS) have been applied. The data from the polar compounds were collected
by 1H NMR and processed using the Chenomx software, while the data from the apolar components were
gathered by MALDI-MS and handled in R using the MALDIquanti package. The lipids were annotated using
the CEU 3.0 mass mediator tool. Multivariate and univariate analyses were performed using the software
MetaboAnalyst 5.0. The study so far has not found biomarkers, but the analyses carried out have allowed
the identification and quantification of metabolites in samples of bovine liver and demonstrated significant
differences between the food diets submitted, conventional and by-product.

Index Terms: bovine, methane, liver, diets.
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Understanding the geographical distribution of livestock species is crucial for their utilization, genetic
enhancement, and conservation. It is therefore necessary to explore the genetic relationships and diversities
between livestock breeds. In this study, two Nigerian indigenous sheep populations were evaluated based
on their genetic diversities and phylogenetic structure. These populations are Balami and West African
Dwarf (WAD) sheep, which are different in their geographical distribution and physical attributes. Sixty hair
samples were collected from each of these two breeds for genetic analysis. The study revealed twenty-
three haplotypes, with no shared haplotypes between Balami and WAD sheep, indicating a clear separation
between the two populations. There was a high haplotype diversity index between the two populations.
Balami had a higher haplotype diversity index (0.96+0.04) than WAD (0.91 £ 0.06). Similarly, the nucleotide
diversity index between the two populations differed with WAD recording a higher value of nucleotide diversity
(0.01115 £ 0.0023) than Balami (0.00788 + 0.00015). The number of polymorphic sites varied between the
populations, with WAD having higher polymorphic sites than Balami. Non-significant Raggedness index
value was obtained for Balami, which implies population expansion for the breed, unlike WAD sheep with a
significant Raggedness index, which implies that the breed showed more than one independent subpopulation
with high homozygosity and low heterozygosity (population subdivision). The analysis of molecular variation
(AMOVA) for the two populations revealed that 79.1% of total genetic variation was presented in Balami and
WAD, which was explained by genetic differences between individuals within populations. Only 20.9% of
the variation was found among populations compared to 79.1% of the variation obtained within populations.
The results of this study contribute to the knowledge of the existing genetic status of Nigerian indigenous
sheep populations. Most of the variations were found within the population rather than between populations.
These results revealed a signal of demographic or spatial expansion in these indigenous Nigerian sheep
breeds. These sheep breeds were genetically different due to their geographical distributions, with Balami
located in the country’s Northern regions while WAD is regarded as a Southern Nigerian sheep breed. The
finding suggests a probable origin from the very first domestic sheep ancestors in Asia, which could have
reached the country through various routes. Thus, successive migration and relative selection could explain
the current mitochondrial DNA variability in the sheep populations. This possible indication of wide genetic
variation between these two breeds could be exploited in genetic improvement programs for both breeds.

Index Terms: Breed, conservation, diversities, genetic, utilization.
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Arid regions have tough climatic conditions, including low water availability, which make it difficult for plants
to grow and survive. Rhizospheric bacteria play critical roles in increasing plant tolerance to drought-related
stresses via different mechanistic mechanisms. This research intended to isolate and characterise rhizospheric
bacteria associated with plants that thrive under drought-stress conditions in arid environments and to dig
out grossly under-explored factors responsible for drought tolerance. The bacteria from drought-stressed
plants within Rajasthan's arid region were isolated using standard microbiological techniques. The isolates
were investigated for plant growth-promoting traits, such as indole-3-acetic acid production, ACC deaminase
activity, siderophore production, HCN, and phosphate solubilisation. The results indicate that diverse bacterial
isolates belong to PGPBs, and these strains were recognised as isolates belonging to the genus Bacillus and
Cytobacillus based on 16S rRNA sequence similarities. Furthermore, many isolates were found positive for
multiple plant growth-promoting traits; some of them were found positive for ACC deaminase and nitrogen
fixation activity, which help plants to utilise N2 from the environment and regulate amino acid formation and the
formation of nitrogenous compounds, suggesting their potential role in enhancing plant resilience to drought
stress. The presence of acdS and nifH genes were confirmed by PCR amplification. Further studies are
envisioned to explore the diversity and functional characterisation of rhizospheric bacteria and for using them
for the development of sustainable agricultural practices to improve crop productivity in arid regions.

Index Terms: ACC deaminase, nitrogen fixation, indole-3-acetic acid, acdS, nifH, PGPBs.
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Environmental disturbances are significant changes in the external environment that can affect animal
productivity, as observed in dairy cattle during the lactation curve. However, some animals are resilient to
these environmental disturbances, being able to quickly return to their normal level of perfomance or not
having their performance affected when exposed to such disturbances. Accordingly, resilience is a key trait
in farm animals, as it determines their ability to cope with and adapt to adverse environmental changes.
Nevertheless, resilience is a complex trait that is difficult to measure. One way to detect resilient animals is
through transcriptome profiling, which can generate a list of differentially expressed genes (DEGs) for resilient
and non-resilient animals. Therefore, this study aims to characterize DEGs in blood samples by analyzing
RNA-Seq data in resilient Holstein cows and non-resilient Holstein cows. For this purpose, a database with
the phenotype of daily milk production of the AMS system (automatic milking system) will be used, where
deviations in milk production will be used to detect resilient or non-resilient animals. After the identification
of these animals, transcriptome analysis will be performed by RNA-sequencing (RNA-seq). For this, RNA
extraction will be performed with Trizol (Invitrogen). Libraries will be prepared using the TruSeq RNA Sample
Prep v2 kit (Illumina), and sequencing will be performed on the lllumina HiSeq 2500. Reads will undergo quality
control (Trimmomatic) and mapping (STAR). Gene expression analysis will be performed using the edgeR
package in R, and those with FDR < 0.05 will be considered differentially expressed. Functional annotation
will be carried out using the clusterProfiler package in R, and the genetic network will be built in STRING. In
the literature, Liu et al. (2020) when investigating heat resistance in Holstein cattle, identified 200 DEGs in
resistant and non-resistant animals. Therefore, the expected results include identifying which genes are being
expressed at higher or lower levels in more resilient animals compared to less resilient animals under different
environmental disturbances.

Index Terms: automatic milking system, dairy cattle, differentially expressed genes, robust genotype and resilience.
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Brazil is the largest beef exporter in the world, with Nelore (Bos indicus) cattle representing the majority of
the animals. While single nucleotide polymorphisms (SNPs) have revolutionized cattle genetic evaluation,
structural variants (SVs) are gaining recognition for their association with production traits, particularly in Nelore
cattle. SVs are defined as genomic sequence rearrangements exceeding 50 base pairs, including deletions,
duplications, translocations, and inversions. Due to their size and location, SVs are hypothesized to exert
substantial influence on gene expression, potentially exceeding the effects of SNPs. Despite their biological
significance, SV identification remains challenging, primarily due to their complexity. Conventional SV detection
methods rely on high density SNP panels or hand-crafted features derived from read alignment patterns,
often resulting in high rates of false negatives and positives, thereby complicating downstream analyses. A
promising alternative lies in the utilization of deep learning strategies, capable of discerning intricate patterns
directly from data, offering a more accurate and adaptable SV detection pipeline. However, the efficacy of deep
learning approaches depends on the training dataset, which is predominantly derived from human genomes.
Regardless of the progress in the field, SV calling tools still display low Precision and recall. Therefore, persist
the necessity for rigorous validation procedures to ascertain SV detection and the influence of SVs on gene
expression and phenotypes. In this study, we propose the utilization of the Cue deep learning framework to
identify SVs from short-read whole-genome sequencing data obtained from 86 Nelore animals, contrasted with
results from traditional SV callers such as Manta and GRIDSS. This comparative analysis aims to elucidate
the effectiveness of Cue within our experimental context. Furthermore, we will attempt to assess the putative
impact of identified SVs on gene expression by correlating them with ATAC-seq peaks, expression quantitative
trait loci (eQTLs), synteny breakpoints between Bos taurus and Bos indicus reference genomes, copy number
variation-QTLs (CNV-QTLs) detected by genotyping panels, and other data available on the literature. This
comprehensive approach seeks to create a catalog of SVs potentially influencing gene expression in Nelore.
Subsequently, prime SV candidates will undergo further validation through PCR and cell culture experiments,
aimed at corroborating our assumptions regarding SV's influence on gene expression. This integration, coupled
with robust validation, promises to minimize the gap between scientific research and its practical integration
into breeding programs, thereby enhancing efficacy and genetic improvement strategies, in addition to serving
as a basis for future studies.

Index Terms: Validation of structural variations; Tissue culture; Gene editing.
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The importance of camel breeding in Egypt is increasing day by day, especially in deserts and newly reclaimed
areas. This is mainly due to its unique physiological properties, which help it survive and perform under these
harsh conditions. However, it is known that one of the main obstacles in this industry is the very low reproductive
efficiency of camels. Fertility in animals is affected by many factors, including hormonal, genetic, nutritional
and environmental. To improve the reproductive efficiency of camels, focusing on aspects of hormonal
measurement, biochemistry and genetics is useful for gaining a better understanding of camel reproduction
and fertility. Therefore, the objective of this work is to improve the reproductive performance of the Arabian
camel in Egypt using modern assisted reproductive technologies. We will use some of these techniques to
deal with bull camels; they also deal with the reproductive efficiency of female camels. These studies include
biology, genetics, blood biochemistry, hormones, histology, and metabolomics studies.

Index Terms: Dromedary camels, Reproduction, Gene expression, biochemical analysis, histological examination,
metabolomics.
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Sorghum bicolor is the fifth most cultivated crop, globally, and modern germplasm development has prioritized
using S. bicolor as a second-generation bioenergy feedstock, which requires reduced ecosystem impacts
when compared to fossil-fuel-based energy. Therefore, assessing the adverse ecosystem impacts of S. bicolor
germplasm is a necessary step for its use as a bioenergy feedstock. The plant microbiome influences plant
growth and health but also contributes to agroecosystem sustainability through biogeochemical cycling. Plants
manipulate the microbiome associated with the roots, termed the rhizosphere, by altering carbon allocation
patterns within the root system, via changes in root system architecture, morphology, and metabolomics, the
latter of which drives hotspots of microbial activity within the rhizosphere. Priming of the microbiome by roots
varies with species and genotype and can stimulate carbon sequestration or respiration. When compared to
African and American landrace sorghum varieties, bioenergy sorghum varieties have drastically altered carbon
allocation patterns due to breeding manipulations of their photoperiod sensitivity. Through these manipulations,
bioenergy sorghum remains within the vegetative stage, accumulating biomass, and re-directing belowground
carbon into vegetative biomass. Therefore, this research seeks to understand the impact of S. bicolor
breeding history on the root metabolome and rhizosphere microbiome. This was done by comparing the root
metabolome and microbiome of 26 Sorghum bicolor genotypes, including African and American landraces,
and bioenergy hybrids. We assessed these plants associated microbial communities using 16S rRNA amplicon
sequencing, and flash-frozen root tissue was analyzed with untargeted LC-MS metabolomics. Breeding
history and genotype significantly influence microbiome composition (PERMANOVA, History x Genotype, R2
=0.20, P = 0.001). Differential analyses identified major differences in copiotroph and oligotroph taxa through
breeding. African landrace varieties were differentially abundant in slow-growing Acidobacteria, whereas fast-
growing Bacteriodetes were enriched within the American and Bioenergy varieties, suggesting breeding-driven
changes in carbon partitioning into the rhizosphere microbiome. Untargeted metabolomics data is currently
being processed and analyzed. Ultimately, the aim is to understand how germplasm development can
adversely influence the microbiome via changes in root chemistry, which is an important step for comparing
the ecosystem impacts of Bioenergy feedstocks to classical fossil fuel-based energy.

Index Terms: bioenergy, rhizosphere, metabolome, microbiome, crop breeding.
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Kefir, a fermented beverage containing probiotics, exhibits a symbiotic association with various
microorganisms within kefir grains, offering a plethora of nutraceutical benefits. This study aimed to assess
the immunomodulatory potential of immunobiotic strains within kefir microbiota in modulating the response of
intraepithelial lymphocytes (IELs), using a murine model. Intraperitoneal administration of poly(l:C) induced
inflammatory-mediated intestinal tissue damage, characterized by increased inflammatory cell infiltration and
upregulation of pro-inflammatory mediators (TNF-a, IL-1B3, IFN-y, IL-15, IL-10, IL-6). Mice subjected to higher
concentrations of kefir consumption exhibited drastically reduced cellular damages (LDH, GOT, GPT) post-
poly(l:C) exposure. Pre-treatment with varying concentrations of kefir prior to TLR3 activation significantly
attenuatedlevels of TNF-q, IL-15, and IL-6, while elevating serum and intestinal IL-10 levels. Notably, kefir-treated
mice demonstrated lower levels of intestinal damage compared to controls, indicating the immunomodulatory
capacities of lactobacilli in reducing intestinal tissue damage. In conclusion, this study elucidates the reduction
of intestinal tissue injury through kefir beverage consumption, mediated by the modulation of intraepithelial
lymphocytes response. These findings contribute to advancing our understanding of the cellular mechanisms
underlying the immunomodulatory effects of immunobiotic strains, highlighting the therapeutic potential of kefir
in mitigating intestinal inflammation.

Index Terms: gut microbiota, kefir microbiota, immunomodulation.
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Methane (CH,) emissions produced by dairy cattle (DC) are the result of an energy partition inefficiency
within the animal, which individually lowers production levels, and collectively, contributes towards agricultural
greenhouse gas (GHG) emissions. Up to 40% of CH, emission variation between individual DC can be explained
by genes. Therefore, the selective breeding of low CH, emitting DC has been proposed as a novel mitigation
strategy to reduce the GHG emissions produced on farms, as future generations inherit the low CH, emission
characteristics of their more efficient ancestors, resulting in improved production efficiency. However, the direct
recording of DC CH, emissions, to identify suitable candidates for selective breeding, requires complex and
expensive equipment, preventing the strategy from being implemented on commercial farms. Fortunately,
agriculture is currently experiencing a smart farming revolution, and there now exists a wealth of animal proxy
information, which can be used to predict DC CH, emissions, instead of directly measuring them, replacing
the need for exclusive recording technologies. Yet rather than determined by any individual trait, DC CH,
emissions are the result of an intricate dance between multiple systems, including Biological, Environmental
and Genetic (BEG) factors. Therefore, if the full potential of a DC CH, emission predictive modelling approach
is to be realised, one must incorporate each BEG component during formation. Yet the addition of each new
layer behind DC CH, emission production, brings with it an entirely new dominion that has its own complicated
relationship with the subsequent layers. The sophistication of Machine Learning (ML), however, has the ability
to appreciate the multidimensionality behind CH, production, by enabling the facilitation of the diverse BEG
factors behind it, and identifying the underlying structures and complex relationships between them. The
multitude of techniques ML models introduce to the challenge, whether as an alternative vehicle for direct
prediction via diverse algorithms, a concierge for heterogeneous dependency patterns through hybridisation or
stacking, or as a trampoline for data complexity through imputation, may perhaps hold the key to overcoming
the limitations currently faced and surpassing the accuracies currently achieved, in the prediction of DC CH,
emissions. It is within this research project that we will attempt to develop a hybrid ML approach, which can
incorporate BEG data, in the prediction of DC CH, emissions. We hope to uncover new insights behind CH,
production through the approach developed, as well as provide a deployable solution for commercial farms to
assist in the identification of optimal candidates for selective breeding.

Index Terms: methane, dairy cattle, production efficiency, greenhouse gas emissions, selective breeding, prediction,
multivariate, machine learning, hybridisation, stacking, imputation.
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White Striping (WS) is characterized by the appearance of white streaks composed of adipose and connective
tissue parallel to the muscle fibers of the breast of broilers. This condition mainly affects birds with fast-growth
and high breast yield, reducing meat quality and consumer acceptability, causing great economic losses.
Although the occurrence of WS is high, its etiology remains poorly understood. Furthermore, it is known that
epigenetic mechanisms do not alter the DNA sequence, but influence gene expression. Therefore, independent
omics studies do not provide a comprehensive view of the etiology of WS. To date, there are no studies
relating methylome with WS, nor the integration with other omics. Thus, the aim of this study is to analyze the
pectoral muscle transcriptome integrated with its epigenome to better elucidate the etiology and mechanisms
regulating the expression of WS. For that, 16 samples (8 controls and 8 affected) were collected from the
pectoral major muscle of male chickens with 35 days of age, belonging to a paternal broiler line TT, developed
by Embrapa Swine and Poultry (Concoérdia, SC, Brazil). For the RNA-Seq analysis, RNA was extracted with
Trizol (Invitrogen), libraries were prepared with the TruSeq RNA Sample Prep v2 kit (lllumina) and sequenced
in the lllumina HiSeq 2500 (paired-end, 100 pb). Reads were submitted to quality control (Trimmomatic) and
mapping (STAR). Differential expression analysis was performed using the edgeR package from R and genes
with FDR < 0.05 were considered differentially expressed (DE). Functional annotation will be performed with
the clusterProfiler package from R, and the gene network will be constructed with STRING. We found 30 DE
genes between normal and WS-affected broilers. Among them, 10 will be chosen for validation by gPCR. For
the methylation analysis, DNA extraction will be performed using the Dneasy Blood and Tissue kit (Qiagen).
Libraries will be prepared with the EZ DNA Methylation-Lightning (Zymo Research) and Nextera® (lllumina)
kits and sequenced in the lllumina NovaSeq X (paired-end, 150 pb). Reads will be submitted to quality
control (TrimGalore) and mapping (Bismark). The identification of differentially methylated regions (DMR) and
differentially methylated genes (DMGs) will be carried out using the program MethylKit from R. The DE genes
and DMGs will be integrated for functional annotation using the DAVID and Webgestalt, and the gene network
will be carried out with Cytoscape software.

Index Terms: methylome, pectoral myopathy, RNAseq, transcriptome.
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Mastitis is an inflammation of the mammary gland of dairy animals. The present study was designed to
investigate the effects of single nucleotide polymorphisms (SNPs) genotyped on Chinese Cow SNPs Chip-I
(CCSC-I) in the JAK2 and TRAPPC9 gene on the milk production and mastitis related traits in dairy cattle in
which milk samples were S. aureus positive. Blood and milk samples were collected from 707 lactating dairy
cattle of five breeds, i.e. Holstein Friesian (HF), Achai (A), Red Sindhi (RS), Cholistani (C) and Sahiwal (S)
maintained at wellestablished dairy farms across Pakistan. Out of 707 cattle, 202 milk samples were detected
positive for S. Aureus. Three SNPs, i.e. SNP 1 (T>C, rs210148032), SNP 2 (T>C, rs135128681), and SNP 3
(T>C, rs377935625) in JAK2 and 4 SNPs i.e. SNP 4 (T>C, rs109952887), SNP 5 (T>G, rs133738259), SNP
6 (G>A, rs111018678) and SNP 7 (G>A, rs55617160) in TRAPPC9 were genotyped through CCSC-I in a
population of 202 dairy cattle positive for S. aureus. The results were analyzed using the general linear model
in SAS 9.4. Among the seven SNPs, SNP 2, SNP 3 and SNP 4 did not obey Hardy-Weinberg equilibrium
(P<0.01). The association analysis of SNPs in the overall studied population showed significant association
(P<0.05) of SNP 2 with Annual Milk Yield (AMY) and Somatic Cell Score (SCS). In SNP 3, the genotype
CC showed significantly lower (P<0.05) Fat percentage (FP) than CT genotype. SNP 4 showed significant
association (P<0.05) with AMY and Lactose percentage (LP). SNP 5 was significantly associated with the AMY,
LP and Protein percentage (PP). SNP 6 was significantly associated with AMY, Somatic Cell Count (SCC)
and SCS, Whereas SNP 7 was found significantly associated with AMY and SCS. The breed-wise association
analysis depicted that these SNPs were significantly associated with mastitis related and production traits
in all of the selected cattle breeds. Altogether, our findings suggested that the CCSC-I is a useful tool to
assess SNPs association with phenotypic traits. Moreover, JAK2 and TRAPPC9 genes could be useful genetic
markers in selection for milk production improvement and mastitis resistance phenotypic traits in dairy cattle
positive for S. aureus.

Index Terms: chinese cow SNPs Chip-l, Single Nucleotide Polymorphisms, mastitis, JAK2, TRAPPC9, S. aureus.
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The current study aimed to determine the enriched biological process, through proteomic and transcriptome
data, associated with maternal slow-release nitrogen diets received during late gestation on the skeletal muscle
of the offspring. At day 180 to day 268 of gestation a total of 16 pregnant Brahman cows, were assigned into
Control treatment (CON; n = 7), where cows were fed ad libitum a low crude protein basal diet plus mineral
mixture; or Slow-released Nitrogen (SRN, n = 9) based diet, where cows were fed a basal diet plus a slow-
release N supplement. Muscle biopsy was performed at day 45 of age in calves and used to perform further
RNA sequencing (RNA-seq) and proteomic (HPLC-MS/MS) analyses. The quality control of raw data from
RNAseq was assessed through FASTQc software and the low-quality reads were trimmed by Trimmomatic.
The reads were mapped against the Bos taurus reference genome using STAR. To determine the differentially
expressed (DE) genes the limma package was used in the R environment. In addition, Cuffdiff tool was used to
explore DE isoforms. The DE genes and isoforms were deemed significant and adjusted p-value < 0.05. For the
proteomic analysis, raw data was processed in MaxQuant using the Bos taurus reference proteome. Statistical
analysis was performed by MSqRob package in R environment. The network analyses were performed to
identify the biological processes of the proteins identified as differentially abundant proteins (DAPs) and were
deemed significant when the adjusted p-value < 0.05. Although the experimental treatment did not show
effects on transcripts abundance, there were differences at protein level. Enriched (adjusted p-value < 0.05)
biological processes from the exclusive proteins identified in calves skeletal muscle from SRN group are
related to Acetyl-CoA biosynthetic process from pyruvate , mitochondrial respiratory chain complex assembly,
regulation of calcium ion transmembrane transporter, generation of precursor metabolites and energy, nitrogen
compound transport, cellular respiration, protein folding, regulation of muscle system process tricarboxylic acid
cycle, and isocitrate metabolic process. Protein-protein interaction network assessed in the DAPs revealed 4
main enriched biological processes, including ATP metabolic process, glucose metabolic, tricarboxylic acid
cycle, and sarcomere organization. In general, the results of the current study highlight the positive impact of
slow-release nitrogen enriched diets during late gestation on the energy metabolism in calves’ skeletal muscle.

Index Terms: bovine, biological processes, energy metabolism, maternal nutrition, skeletal muscle, slow-release nitrogen
nutrition.
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The intensifying climate crisis, marked by a surge in greenhouse gas emissions and a global temperature rise
surpassing 1.1 °C above pre-industrial levels, necessitates urgent mitigation efforts. Biogas production through
anaerobic digestion emerges as a promising strategy to avert catastrophic outcomes such as heatwaves,
droughts, and wildfires. The biogas industry, employing anaerobic digestion processes, holds the potential
to play a crucial role in capturing organic wastes and reducing methane emissions, contributing to a targeted
10% reduction in global greenhouse gas emissions by 2030. However, optimizing anaerobic digestion
processes faces challenges related to reactor pH control, nutrient imbalance, inhibitor presence, and the
complex composition of microbial populations. Addressing these challenges, our study focuses on identifying
key microorganisms and genes within microbial populations associated with efficient biogas production in
an industrial-scale single-stage anaerobic digester. Metagenomic samples were collected from originally
mesophilic full-scale anaerobic digesters after 80, 177, 218, 281, and 462 days of operation. Genomic data
undergoes processing, including read-based analysis, assembly, binning, and refinement using state-of-the-
art tools. Functional annotation of genes is performed to gain insights into their potential roles in the biogas
production process. The study comprises two anaerobic digesters—one at mesophilic conditions and the other
subjected to sub-mesophilic conditions, revealing the impact of temperature variation on microbial communities
and genetic composition. The research culminates in a comprehensive database integrating microorganism
abundance, annotated genes, reactor parameters, and biogas yield. Leveraging machine learning, specifically
the CatBoost algorithm, we trained a model to predict biogas production based on these variables. The SHAP
(SHapley Additive exPlanations) package is essential in the interpretation of correlations, elucidating the
importance of each variable in predicting biogas production. Moreover, metabolic simulations of microbial
communities will be carried out to identify the behavior of the community in relation to the metabolites shared
by it. In conclusion, our findings deepen the understanding of microbial dynamics in anaerobic digestion and
provide practical insights for optimizing biogas production processes. By identifying key microorganisms
and genes correlated with efficient biogas production, this research sets the stage for targeted interventions,
potentially enhancing the sustainability and effectiveness of anaerobic digestion in mitigating the impacts of
the climate crisis.

Index Terms: metagenomic analysis, metagenome-assembled genomes, anaerobic digester, methane production,
methanogenic archaea.
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The pursuit of foods characterized by heightened nutritional density and reduced levels of saturated fatty acids
necessitates strategic adaptations within the animal husbandry sector to align with evolving dietary guidelines.
Such adaptations are geared towards facilitating the production of animal-derived products endowed with
elevated biological value and enhanced health attributes. Of significance is the modulation of intestinal
microbiota, a process influenced by the fatty acid composition of the diet, which plays a pivotal role in both
disease prevention and therapeutic interventions. This study aims to evaluate the microbial community diversity
within the cecum and feces of pigs subjected to diets enriched with canola, soy, and fish oils. Employing a
randomized complete block design, each treatment group comprised six replicates, with four animals housed
per enclosure. Treatments included a basal diet supplemented with 3% soybean oil, canola ail, fish oil, or
no additional oil. The experimental phase spanned 98 days, during which animals were provided ad libitum
access to feed and water. Slaughter occurred at 169 days of age, with an average final live weight of 133.9
9.4 kg. Cecal (n =61) and fecal (n = 71) specimens were promptly collected, flash-frozen in liquid nitrogen, and
stored at -80 °C until further processing. Bacterial genomic DNA extraction ensued, followed by amplification
and sequencing of the V3-V4 region of bacterial 16S ribosomal RNA (rRNA) genes using the lllumina NextSeq
1000 platform. The relative abundance of taxonomic groups is presently under evaluation utilizing the QIIME2
platform, with subsequent PERMANOVA tests earmarked to compare beta diversity across experimental
groups. This research endeavors to elucidate alterations in meat fatty acid profiles and their consequential
impacts on swine intestinal and physiological health, under the influence of various dietary energy sources.
Additionally, this study is integrally linked to a project authorized by the Sdo Paulo Research Foundation
(FAPESP, process no. 2017/25180-2 - Young Researcher / JP), aimed at delineating diet-induced effects on
immune response-associated biological processes through RNA sequencing (RNA-Seq) data analysis.

Index Terms: fatty acids, microbiome, nutritional modulation, swine.
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tissue H3K27ac in chickens

Wenjing Yang®, Jennifer Jessica Bruscadin-?, Claire P Prowse-Wilkins®, Dailu Guan®, Huaijun Zhou®

(™ Department of Animal Science, University of California, Davis, CA 95616, USA
@ Center of Biological and Health Sciences, Federal University of Sdo Carlos, Sao Carlos, SP, Brazil
Corresponding author: wenyang@ucdavis.edu

Genome-wide association studies (GWAS) have identified numerous agriculturally important trait-associated
SNPs located in non-coding regions. These SNPs within regulatory regions like promoters and enhancers can
potentially influence transcription factor binding sites, thus modulating gene expression. Due to the potential
of analyzing regulatory mechanisms affecting each haplotype, characterizing allele specific (AS) epigenetic
regulation can bridge the gap between genotypes, transcription level and phenotypic variation. H3K27ac is an
epigenomic mark that exhibit a critical role in active enhancers, helping to understand the effect of candidate
SNPs in functional regions. In this study, we profiled the AS H3K27ac binding in 19 distinct chicken tissues
from two individuals, a F1 cross both derived from genetically distinct highly inbred lines, line 6 and line
7. We mapped 1.3 billion reads derived from whole genome sequences to the GRCg7b reference genome
using BWA software and identified 5,967,787 SNVs by the GATK. Functional annotation revealed that the
majority of the identified SNVs were located in non-coding regions, including intron (53.33%) and intergenic
regions (19.85%). Exonic regions only contained 1.60% of the SNPs, including 61,873 synonymous and
33,109 nonsynonymous SNVs. By comparing to the chicken GTEx reference panel, we only found 37.90% of
overlaps, indicating distinct genetic background of birds used in our study. We then concentrated on the set
of 2,631,957 heterozygous SNPs (44.17% of the total) to identify AS imbalance events via the binomial test.
This analysis has identified an average of 2,950 AS imbalance events across 19 different tissues (ranging
from 40 in liver to 8,963 in cecum). The next steps are to extend this AS analysis to other histone marks (e.g.
H3K4me1, H3K4me3, H3K27me3) and to explore the AS SNPs functional regulation, particularly concerning
the enhancer activity, and the integration with genetic variants within regulatory regions associated with
agriculturally important traits in poultry.

Index Terms: Allele-specific; epigenetics; chicken; gene regulation.
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The shift from marine to terrestrial habitats is a significant milestone in evolutionary history, fostering the
diversification of species. However, research on the molecular mechanisms of terrestrial adaptation in
terrestrial arthropods remains relatively scarce. Crustaceans transitioned to land or damp habitats many
times, constituting therefore an ideal model system to understand the genomic basis of terrestrialization. This
study uses Gecarcoidea lalandii, a crab that inhabits damp terrestrial burrows, to investigate the molecular
mechanisms underlying terrestrial adaptation in crustaceans. The chromosome-level genome of G. lalandii
(1.33 Gb, N50: 21.25 Mb), The chromosome-level genome of Gecarcoidea lalandii, was sequenced using
short and long read sequencing, and Hi-C technologies, and assembled with high accuracy and completeness
(N50: 21.25 Mb). By employing comparative genomics approaches, coupled with high-quality genome data
from eight crustacean species and one insect species, identified expanded gene families, predominantly those
involved in fatty acid synthesis. Additionally, the PAX gene family, which is crucial for the development of
visual neurons, and the cadherin gene family, which relates to cytoskeletal organization, were also found
to be expanded. The expanded gene families are enriched in KEGG pathways such as steroid hormone
biosynthesis, thermogenesis, and fatty acid metabolism. Pathways crucial for maintaining body temperature
and energy supply in terrestrial environments were found to under intensification of selection. To capture
the dynamic changes in gene expression over a recent period of terrestrial adaptation, we compared the
transcriptomic profiles of 28 crab species. Analysis of genes under intensification of positive selection in
terrestrial species identified 63 genes. These genes are enriched in KEGG pathways involved in immune
responses, growth regulation, and cell signaling, suggesting potential adaptative changes resisting solar
radiation and combating pathogens. By comparing various habitat crabs, we have detected several instances
of convergent molecular evolution within genes that play pivotal roles in critical pathways, including the NOD-
like receptor, Wnt, and Hedgehog signaling cascades. These pathways regulate crucial biological processes
such as immune responses, tissue repair, and gill organ development, which are integral during independent
terrestrialization events. In summary, this study elucidates the molecular mechanisms underlying terrestrial
adaptation in crustaceans through comparative genomics and transcriptomics. It enhances our understanding
of the genetic drivers of terrestrial adaptive evolution in crustaceans.

Index Terms: Brachyura; terrestrial adaptation; genome; transcriptome; convergent evolution; comparative genomics;
crustaceans.
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Abstract - The concept of food security has evolved over the years. Initially focused on food supply, it
incorporated ethical and human rights dimensions in 1974, becoming a more comprehensive approach.
Currently, food security refers to the state in which an individual has physical and economic access to sufficient,
safe and nutritious food to meet their dietary needs and preferences for an active and healthy life at all times
of their life (FAO, 2016).

Changes in the population's lifestyle resulting from the effects of urbanization and globalization, as well as
armed conflicts and health crises, increase inequalities and make access to food difficult (Bezerra et al.,
2020). Among the various implications of food insecurity, the health consequences have been associated with
the development of chronic non-communicable diseases such as heart disease, cancer, chronic respiratory
disease, and diabetes (Murrell; Jones, 2020). In this context, the consumption of lipids has been associated
with these diseases, however, the function of fatty acids in the body is varied and crucial for health, as they are
part of several metabolic pathways related to disease susceptibility or prevention (Spector; Kim, 2015).

The consumption of saturated, non-essential fatty acids has been linked to the propensity for the development
of cardiovascular diseases, as they are related to the increase in low-density lipoproteins (LDL) and pro-
inflammatory factors (Gongalinho et al., 2023). The most common saturated fatty acids include palmitic acid,
found in cottonseed oil and palm oil, and stearic acid, found in ruminant animal fat and cocoa butter. MUFA,
oleic acid (omega 9), can be synthesized by the body from enzymes that catalyze the removal of hydrogen and
the introduction of saturations in SFA (saturated fatty acids) (Warude et al., 2006). It is important in increasing
high-density lipoprotein (HDL) levels and is present in olive and canola oils. PUFAs, linoleic acid (omega 6)
and a-linolenic acid (omega 3), are not synthesized by the body, therefore they must be acquired through the
intake of oilseeds, such as soy and canola, and cold-water fish (Gogus; Smith, 2010).

Evidence indicates that high-fat diets can favor the occurrence of cardiometabolic diseases through changes
in the composition of the intestinal microbiota. Studies with obese mice demonstrated a decrease in the
abundance of bacteria from the Bacteroidetes phylum with a concomitant increase in those belonging to
the Firmicutes phylum (Turnbaugh et al., 2008). Bacteria from the Firmicutes phylum exert pro-inflammatory
and obesogenic effects, while those from the Bacteroidetes phylum promote host protection against such
effects (Jayasinghe et al., 2016). Similar changes in the gut microbiota have also been observed in humans
(Turnbaugh et al., 2008). It is important to highlight that the intestinal microbiota can be modulated not only
by the amount of dietary fat, but also by the composition of fatty acids present in the diet. Metagenomic
study revealed that diets rich in MUFA, from olive oil (rich in AO), can benefit the intestinal ecosystem of
mice, since increases in the population of Bacteroidetes were detected, particularly species belonging to the
Bacteroidaceae family (Patterson et al., 2014).

From a taxonomic point of view, efforts have been made to identify a unique microbiome of bacteria in the
gastrointestinal tract, but in the distal part of the intestine, especially in fecal samples, there has been no
success (Hillman et al., 2017). Evidence indicates that the composition of the rodent microbiome in the cecum
and feces are not similar (Pang et al., 2012). Recently, Panasevich et al. (2015) suggested that the Western diet
(rich in fructose, fats and cholesterol) promotes severe and distinct dysbiosis in the microbiome of the proximal
(cecum) and distal (feces) portion of the intestine of Ossabaw pigs, a breed with a genetic predisposition to
obesity. However, it is not yet fully understood whether the cecal or fecal microbiome is the most relevant for
understanding their connection with the onset of obesity. Therefore, this is the first study that will evaluate the
bacterial composition present in the cecal content, and feces of pigs fed diets rich in OA, to better understand
the effect of OA on the bacterial profile of the microbiota of these animals.

In addition to the intestinal microbiota presenting distinct taxonomy and functionality in each portion of the
gastrointestinal tract, progressive changes occur in the intestinal ecosystem of an individual throughout life
depending on age, childhood transitions (gestational period of birth, type of birth and breastfeeding and end
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of breastfeeding) and external factors, such as the use of antibiotics. In adulthood, although the intestinal
microbiota is relatively stable, changes between individuals can be observed due to lifestyle, including, among
other factors, eating habits and physical activity (Rinninella et al., 2019). Therefore, the great intra- and
inter-individual variability combined with ethical concerns regarding research involving human beings make
studies of the human intestinal microbiota limited. In vitro models have been proposed, including fecal material
culture systems capable of mimicking the microbial ecosystem of the human intestine (Salminem et al., 1998).
However, models in vitro do not completely simulate the biological effects provided by the human digestive and
immune systems (Imaoka et al., 2004).

Animals, as part of the research process, have contributed to the progress of biomedical knowledge aimed at
public health. Researchers are increasingly using experimental models of obesity induced by a high-fat diet,
as these models more closely reflect the metabolic changes observed in human obesity (White et al., 2009).
The animals commonly used for obesity models induced by high energy density diets are mice, due to a series
of characteristics, such as small size, short reproductive cycle, numerous offspring, precocity, varied nutrition
and adaptation to captivity (Hillman et al., 2017). However, there are great divergences between rodents and
humans regarding the physiology and composition of the intestinal microbiota. Important members of the
human intestinal microbiota, such as bifidobacteria, do not colonize the intestine of rodents. Furthermore,
differences in the structure of the intestinal epithelium and nutritional requirements between these two species
have been reported (Pang et al., 2007).

The pig is considered an attractive experimental model for the study of various aspects that contribute to
the excessive accumulation of adiposity and its consequences, as the similarities between the anatomy,
physiology and pathophysiology of pigs and those of humans are already widely established in the literature
(Swindle et al., 2012; Hillman et al., 2017). The omnivorous eating habit and the period of development,
especially during childhood, are similar between humans and pigs, a fact that increases the interest of this
species as an experimental model (Garthoff et al., 2002). Additionally, pig metabolism is easily modulated
due to rapid growth (Pang et al., 2007) and thus generates a model whose response is the most appropriate.
Therefore, the use of pigs as an experimental model becomes more realistic and appropriate for the study of
human obesity. Recently, genetic mutations associated with metabolic syndrome and insulin resistance have
been successfully carried out in miniature pigs, such as the Ossabaw, to study obesity and human metabolic
disorders (Yan et al., 2013; Almeida et al., 2021).

Differences in the fatty acid profile have been the subject of studies in nutrigenomic studies in animals (Almeida
et al., 2021; Martins et al., 2015; Silva et al., 2023) by our group. So far, we observed that supplementing the
pig diet with fatty acids the nutritional profile and the tenderness of the Longissimus dorsi muscle (Gomes et
al., 2021). The difference in the fatty acid profile of canola, fish and soybean oils differs, mainly due to linoleic
acid (18:2 n-6, AL), linolenic acid (18:3 n-3, AAL), oleic acid (18 :1 n-9, AO), EPA (C20:5 n-3) and DHA (C22:6
n-3). The animals increased the DHA content in liver, brain, and skeletal muscle (Silva et al., 2023).

In this study, our hypothesis was that the incorporation of different sources of fatty acids in higher
concentrations into the pig diet will result in significant changes in the diversity of the microbial community
of the cecum content and feces. Then, the study aimed to evaluate the diversity of microbial community
in the contents of the cecum and feces of pigs fed different diets with canola, soybean, and fish oil.
To perform this study, bacterial genomic DNA from the samples (feces n =71 and cecum n=61) was extracted
using the ZymoBIOMICS®-96 MagBead DNA Kit (Zymo Research, Irvine, CA). The V3-V4 hypervariable
region of the 16S rRNA gene will be amplified using the Quick16S™ NGS Library Prep Kit (Zymo Research,
Irvine, CA). The 16S rRNA gene library was prepared using a process in which PCR reactions were performed
on gPCR machines to control cycles and therefore limit the formation of PCR chimeras. The primers used
here were 16S V3-V4 Primer Sequences 341f - CCTACGGGDGGCWGCAG, CCTAYGGGGYGCWGCAG,
17 bp and 806r - GACTACNVGGGTMTCTAATCC, 24 bp, where the forward primer 341f is a mixture
of the two cited sequences. The final PCR products were quantified with qPCR fluorescence readings
and grouped based on equal molarity. The final pooled library was purified with the Select-a-Size DNA
Clean & Concentrator™ Kit (Zymo Research, Irvine, CA) then quantified with the TapeStation® (Agilent
Technologies, Santa Clara, CA) and Qubit® (Thermo Fisher Scientific, Waltham, WA). A positive control,
ZymoBIOMICS™ Microbial Community Standard (Zymo Research, Irvine, CA), and a negative control
were included in the DNA extraction and library preparation steps. The final library was sequenced on the
NextSeq1000 System (Zymo Research, Botucatu, SP) using a v3 reagent kit (600 cycles). Sequencing was
performed with a spike-in 10% PhiX. Sequencing was carried out through the platform from PCR synthesis.
The QIIME 2.0 platform (version 2023.5) was used for data analysis (Boylen et al., 2019) and data visualization
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using QIIME2 View (https://view.qgiime2.org/). Forward and reverse reads from each sample were merged
(BBMerge, v.38.94), demultiplexed and denoising was performed with the DADA2 plug-in, where the first
20 base pairs were trimmed, and sequences were truncated to have a maximum length of 250 base pairs.
The sequences were grouped into ASVs (amplicon sequence variants with at least 90% similarity with the
sequences deposited in the databases (Tang et al., 2014) and the taxonomy was assigned using the reference
database, SILVA v. 138.99 (Quast et al., 2012). For highlighting pivotal functional profiles, the microeco R
package was used with metastat statistics [https://github.com/ChiLiubio/microeco].

In this study, no difference was observed on alpha diversity measured according to the Shannon diversity
index (p>0.05). PCA plot based on the Jaccard distance metric was used to compare the composition of
microbiota in the four diets. Upon PCA analysis, the first two principal components explained 20.5% of the
variance among the diets. Significative differences on beta diversity were identified among the diets in different
levels of the microbial diversity, such as Phylum, Family, Genus, and Species (p<0.05).

The results obtained from this study showed that the diet with different fatty acid profile affected the fatty acid
profile of different tissues despite did not affect the alpha diversity of the microbiota of the cecum and feces
of pigs fed with different sources of the oils. However, the beta diversity of the microbiota showed differences
among the diets with different fatty acid profile. In conclusion, this study showed that the diets with different fatty
acid composition can affect the cecum and feces microbiota of pigs fed with different sources and proportion
of oil added in pig meal improving or not their metabolic processes, consequently the performance and health.
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Abstract - One of the significant developments in animal breeding and genetics in the last two decades
is the use of genomic information for genomic selection (GS), which has been enabled by the availability
of affordable single-nucleotide polymorphism (SNP) genotyping. This affordability allowed the genotyping of
massive numbers of animals, including over 1.5 million for U.S. Angus and over 9 million for U.S. dairy cattle
as of May 2024. The successful and extensive implementation of GS by the livestock industry (Wiggans
et al., 2017, Lourenco et al., 2018, Misztal et al., 2020) has resulted in GS becoming the new standard in
animal breeding and genetics. According to Guinan et al. (2023), using GS increased selection accuracy and
decreased generation interval, which resulted in a twofold increase in the rate of genetic progress for traits that
are economically important for the U.S. dairy industry. Similar rates of gain can be generalized to beef cattle,
pigs, chicken, and fish. However, this twofold increase does not guarantee food security for 2030. An extra
fivefold increase in the rate of genetic progress is needed to supply the demand for animal protein worldwide
(Sciences, Engineering and Medicine, 2019). Therefore, how can the rate of genetic progress be increased
further to secure animal-based food production? Several approaches can be taken, and one of them is having
better predictive models. A better predictive model is one that provides higher selection accuracy, less bias,
and minimal to no inflation. Selection accuracy is directly responsible for the rate of genetic gain. The increase
in selection accuracy provided by GS compared with traditional selection based on pedigree and phenotypes
varies from 10% to over 100% (Lourenco et al., 2015, VanRaden, 2017). This is because genomics is an extra
source providing non-redundant information to that already contained in the phenotypes and pedigree.
Genomic selection is now considered a mature technology (Misztal et al., 2020), with single-step genomic best
linear unbiased predictor (ssGBLUP) (Aguilar et al., 2010, Christensen; Lund, 2010) being the predominant
methodology. This method combines genotypes, pedigree, and phenotypes into a single evaluation run,
simplifying the evaluation system in the case there are genotyped and non-genotyped individuals in the dataset.
When no individuals have genotypes, ssGBLUP becomes BLUP, and when all individuals are genotyped,
ssGBLUP becomes GBLUP. Using a simple animal model as example,

y=XB+Z_1 u+e, [1]

where y,B, u, e are vectors of phenotypes, fixed effects, breeding values and residual; X and Z, are incidence
matrices relatmg y with the effects in B, u. In BLUP, var(u) = Ads; in GBLUP, var(u) = GUu ; in ssGBLUP,
var(u) = Ho?, Therefore, A, G, and H are the pedigree, genomic, and realized relationship matrices, respec-
-tively; 05 is the additive genetic variance. The G matrix is often constructed as in VanRaden (2008), where
the diagonals count the number of homozygous loci for each individual and off-diagonals count the number of
alleles shared between individuals following the equation below:

’

KK
Np,(1-p,) [2]

where K is the SNP content matrix centered by twice the allele frequence (p).
In the mixed model equations, the inverse (superscript -1) of A, G, or H is used, and the inverse of H is
constructed as (Aguilar et al., 2010, Christensen; Lund, 2010):
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with superscripts 1 and 2 referring to non-genotyped and genotyped individuals; AE% is the inverse of the
pedigree relationship matrix for genotyped individuals. When genotyped and non-genotyped are considered
together in ssGBLUP, genotypes are implicitly imputed to non-genotyped individuals if there are relationships
between these two classes through the pedigree.

Dealing with genomicinformation is a well-established phenomenon in animal breeding and genetics. Therefore,
looking at new sources of variation to be included in predictive models is currently a hot topic. According to the
genome to phenome USDA blueprint for animal genome research from 2018 — 2027 (Rexroad et al., 2019),
GS could be improved by adding trait-relevant “omics” data like transcriptomic, proteomic, and metabolomic
information. Additionally, using the microbiome as a source of variation for the host phenotypes could result in
improvements in production, efficiency, resilience, and welfare. However, there is a question on how to include
this information in GS models. Khanal et al. (2020) showed that when the microbiome information is available
for all individuals, the following GBLUP-based model can be used:

A) Microbiome as a random, correlated effect:
y=XB+Zju+ Z,o0+e, (5]
2
where o is the random microbiome effect and Z, is a matrix relating y to o; var(o) = Mos; 0, jsthe

microbiorlne variance; l1is the microbial similarity matrix (resemblance of microbiome composition) constructed
as M= ;QQ » with q the number of operational taxonomic units (OTU) and I1 defined as:

B log(S;;) —log(S;)
U sd(log$S)) [6]

where S is a matrix of relative abundance of OTU, and S_j is the vector of the j-th column of S. The OUT
can be replaced by amplicon sequence variant (ASV). Based on this model, it's possible to calculate the
percentage of phenotypic variation that is due to the microbiome information, the so-called microbiability.

B) Interaction between microbiome and animal effect:

y=XB+Zu+ Zy0+Zzuo +e, 7]

where Z, is a matrix relating uo to § uo is the random interaction between the additive genetic and microbiome
effects; var(uo) = GOMo?2, ; isthe Hadamard product; 0'1240 is the variance for the interaction uo.

The models in equations [6] and [7] have two main limitations. First, the microbiome variance can be inflated
if the microbial similarity matrix is not constructed properly. Second, these models assume all individuals have
genotypes and microbiome information, which is not true in animal populations. Usually, 5% to 20% of the
individuals in the pedigree are genotyped. To overcome the second limitation, we can use a model proposed
by Christensen et al. (2021) to include intermediate omics features in genomic evaluations. Although the model
was developed for transcriptomics or metabolomics, it can fit metagenome data. According to Legarra and
Christensen (2023), some “omics” data are intermediate between DNA and phenotypes; however, even when
they are not, we can pretend they are and use this model. In a nutshell, the intermediate omics model is based
on the fact that the genetic background of an individual codes for an intermediate omics phenotype (OP) that
is part of the actual phenotype (P). As not all genetic variation is expressed through OP, the breeding value
(BV) of an individual can be decomposed into omics-mediated BV (i.e., from the genes controlling omics that
are transmitted to the offspring) and non-omics-mediated BV. Therefore, having OP is essential to estimate the
omics-mediated BV better.

In the methodology described by Legarra and Christensen (2023), there are two hierarchical mixed models as
follows:
y=XB+Z,Ma+ Z.u, +¢, [8]

m; = XBL. + Zgi + e, [9]
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Equation [8] models the relationship between phenotypes and omics, where Z_ is a matrix relating individuals
with omics data to y; M is the omics matrix; o is a vector of r egression coefficients of omics on phenotypes,
with var(a) = 103 ; Z is a matrix relating u_to y; u_is a vector of residual genetic effect, with;
var(u,) = Ho“u ,E isa vector of residuals. Equatlon [9] models the relationship between omics and genetlc
effects for individuals, where the subscript i defines the i-th omics level; mtis the omics expression levels; B

a vector of fixed effects X relates B, to m;; Z relates individuals to omics levels; 8; is a vector of genetlc
effects, with var(g,) = Haf,i ; €; the vector of residuals. Based on that, the overall estimated BV of an individual
is the sum of the omics-mediated BV, u_m=g_i a, and the residual breeding value, u; therefore, u = w,, + u,.

Alternatively, the microbiome information can be combined into an index and treated as a proxy trait, meaning
phenotypes can be derived from microbiome information. Hayes et al. (2017) showed that using derived
phenotypes from near infrared or nuclear magnetic resonance (considered omics because of the high
dimensionality) improved the accuracy of genomic predictions in plant breeding. Similarly, the microbiome-
derived phenotype can be used in multi-trait models with regularly measured traits to help improve those that
are hard or expensive to measure. If the microbiome-derived trait is highly correlated (> 0.85) with traits that
are hard or expensive to measure, those traits can be replaced by the microbiome-derived trait.

Several methods are available to fit microbiome information into genomic evaluation models; however, collecting
microbiome information at a national scale, which is needed for genomic selection, is still not a reality. Whenever
large-scaledatabecomesavailable,thesemethodswillbefine-tuned,andnewoneswillbedeveloped. Still,adopting
this technology will depend on the impact of this extra source of information on the accuracy of breeding values.
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Abstract - Bifidobacteria are nonmotile, nonsporulating, catalase-negative, anaerobic (or microaerophilic),
Gram-positive bacteria, with a relatively high GC content genome (Goodfellow et al., 2012). The Bifidobacterium
genus is currently composed of over 100 (sub)species, the majority found in mammalian hosts. In terms of
ecological origin, bifidobacteria have been isolated prevalently from the mammalian gut (i.e. faecal samples),
however some species are also found in the intestine of social insects and a small number of bird species
(e.g., chicken, peacock and phasian) (Alessandri et al., 2021). A recent metagenomic profiling study based on
amplicon sequencing of an Internal Transcribed Spacer (ITS) (Milani et al. 2014a) in fecal samples collected
from 67 different mammalian species revealed that no strict host specialization is observed in this genus, and
that members of this genus are broadly found across mammals. This approach also identified Bifidobacterium
adolescentis, Bifidobacterium bifidum, Bifidobacterium longum subsp. longum and Bifidobacterium
pseudolongum as the most abundant taxa in the gastrointestinal tract of mammalian species (Milani etal., 2017).
Next-Generation Sequencing and the in silico analysis of bifidobacterial pan-genomes has allowed to
define the set of core and accessory feature of bifidobacterial (sub)species across the whole genus. These
investigations indicated that this genus possess all enzymes required for the fermentation of glucose and
fructose to lactic acid and acetate which are core genome features of this genus (Milani et al. 2014b).
A significant portion of the accessory genome in the Bifidobacterium pangenome contains genes encoding for
glycosyl hydrolases (GHs), involved in the metabolism of complex carbohydrates abundant in the human and
animal dietas well as hostand dietglycans. The variety and combination of GHs is strain-specific, thus highlighting
the high metabolic versatility of members of this genus. This represents a key feature allowing Bifidobacterium
to colonise various niches and establish microbe-microbe and microbe-host interactions (Bottacini et al.,
2017). In addition to glycosyl hydrolases, also accessory gene functions involved in bacterial adhesion,
production of exopolysaccharides and defence systems against horizontal DNA transfer have been described
for this genus, thus highlighting the genomic variability and versatility of members of this genus. Comparative
genome analysis have highlighted how a significant portion of bifidobacterial pangenomes is constituted of
Mobile genetic elements (MGESs) involved in the adaptation and evolution of these commensal species by
promoting horizontal gene transfer (HGT). Understanding the dynamics of DNA thansfer mediated by MGEs
in bifidobacteria is essential for comprehending evolution and functional capabilities of members of this genus.
Recent advances in comparative and functional genomics have facilitated the development of molecular
genetic tools, used to expand our knowledge of health promoting gene functions in a number of bifidobacterial
species, thus expanding the range of resources available for the selection and genetic investigation of novel
probiotic strains (Bottacini et al., 2017; Hoedt et al., 2021).
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Introduction

The intersection of artificial intelligence (Al) and bioinformatics is increasingly prominent as researchers seek
innovative methods to decode the complexities of biological systems (Ventero et al., 2021; Andrade et al., 2022).
In this context, transformer-based language models have emerged as powerful tools capable of interpreting
vast amounts of biological data. These models, initially developed for natural language processing (NLP) tasks
(Vaswani et al., 2017; Wolf et al., 2020), have been adapted for various applications within the biomedical
field, showcasing their versatility and transformative potential (Kalyan et al., 2022). The shift from traditional
bioinformatics methods to Al-driven approaches marks a significant evolution in the field, where deep learning
models such as BERT (Bidirectional Encoder Representations from Transformers) and GPT (Generative
Pretrained Transformer), and specialised models like DNABERT, ESM (Evolutionary Scale Modeling), Evo,
and AlphaFold are leading the charge (Devlin et al., 2018; Ji et al., 2021; Rives et al., 2021).

Background on Transformer-Based Language Models

Transformer-based language models have revolutionised NLP by introducing a mechanism known as attention,
which allows the model to focus on different parts of the input sequence when making predictions (Vaswanietal.,
2017). This ability to capture contextual relationships within data is particularly advantageous in bioinformatics,
where the complexity and variability of biological sequences present significant challenges. The architecture of
transformers, unlike recurrent neural networks (RNNs), does not rely on sequential data processing. Instead,
transformers process input data in parallel, significantly improving computational efficiency and performance,
especially on large datasets (Vaswani et al., 2017). This efficiency is crucial in bioinformatics, where datasets
can be enormous and computationally intensive to analyse.

Applications in Bioinformatics

1. Genomic Analysis

One of the most significant applications of transformer-based models in bioinformatics is genomic analysis.
Genomic data, consisting of long sequences of nucleotides, can be likened to sentences in a language,
where understanding the “syntax” and “grammar” is essential for interpreting genetic information (Ji et al.,
2021). BERT models, for instance, have been adapted to perform tasks such as DNA sequence classification,
mutation detection, and functional annotation of genes.

DNABERT is a notable example of such an adaptation. DNABERT extends the BERT architecture to handle
DNA sequences by representing k-mers (subsequences of length k) as tokens, similar to how words are treated
in NLP. This adaptation has proven highly effective for tasks like predicting transcription factor binding sites
and identifying regulatory elements, where understanding the contextual relationships between nucleotides is
crucial (Ji et al., 2021).

2. Protein Folding Predictions

Predicting the three-dimensional structure of proteins from their amino acid sequences is one of the longstanding
challenges in bioinformatics. The success of models like AlphaFold, which leverages transformer architecture,
has demonstrated the potential of Al in addressing this challenge (Jumper et al., 2021).
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AlphaFold, developed by DeepMind, represents a significant breakthrough in this area. By applying a deep
learning approach to predict protein structures, AlphaFold has achieved unprecedented accuracy, even
surpassing traditional methods in several benchmarks (Senior et al., 2020).

This achievement has far-reaching implications for the understanding of molecular biology and the development
of new drugs, as it enables researchers to model proteins that were previously too complex to predict with high
accuracy.

3. Evolutionary Modeling with ESM

Another noteworthy application is Evolutionary Scale Modeling (ESM), which applies transformer models to
the study of protein evolution. ESM models learn from large-scale datasets of protein sequences, capturing
evolutionary patterns and relationships between proteins (Rives et al., 2021). This approach allows researchers
to predict the function of unknown proteins and understand the evolutionary history of different protein families.
ESM models have been particularly successful in tasks such as predicting the effects of mutations on protein
function and identifying conserved regions within protein families that are critical for their biological function.
This evolutionary perspective is invaluable for fields like evolutionary biology and molecular genetics, where
understanding the changes in protein sequences over time can provide insights into the mechanisms of
evolution and the development of new functions (Rives et al., 2021).

4. DNA Foundation Modeling with Evo

Evo is another advanced model that extends the capabilities of transformer-based models to DNA foundation
modeling, spanning from the molecular to genome scale. Evo integrates a deep understanding of molecular
interactions with large-scale genomic data, allowing for comprehensive modeling of DNA behavior across
different scales. This model is particularly useful for understanding how molecular changes at the DNA level can
lead to broader genomic alterations, influencing everything from gene expression to evolutionary adaptation.
Evo’s ability to bridge these scales makes it a powerful tool for studying complex biological phenomena, such
as how specific mutations propagate through generations or how genetic networks evolve over time.

5. Single-Cell Data Interpretation

The advent of single-cell RNA sequencing (scRNA-seq) has provided unprecedented insights into cellular
heterogeneity. However, the analysis of this data is complex due to the high dimensionality and noise
associated with single-cell datasets. Transformer-based models have been employed to interpret scRNA-seq
data, enabling the identification of cell types, states, and developmental trajectories (Stuart et al., 2019). By
leveraging the attention mechanism, these models can focus on critical genes and pathways, offering a more
nuanced understanding of cellular behaviour

Challenges and Considerations

Despite the successes of transformer-based models in bioinformatics, several challenges remain. One of the
primary issues is the need for high-quality, annotated datasets. In NLP, large-scale corpora such as Wikipedia
and Common Crawl provide abundant data for training models. However, in bioinformatics, obtaining similarly
comprehensive datasets can be difficult. Moreover, biological data is often noisy and heterogeneous, requiring
sophisticated preprocessing and normalisation techniques (Topol, 2019).

Another challenge is the computational resources required to train transformer models. The depth and
complexity of these models mean they require significant processing power and memory, often necessitating
the use of specialised hardware such as GPUs or TPUs (Vaswani et al., 2017). This requirement can be a
barrier to entry for smaller research groups or institutions with limited resources.

Furthermore, there is an ongoing need to improve the interpretability of these models. In the biomedical field,
where decisions can have significant consequences, it is vital that models not only make accurate predictions
but also provide insights into the reasoning behind these predictions (Kalyan et al., 2022). Current research
is focused on developing techniques that make the inner workings of transformer models more transparent,
allowing researchers and clinicians to better understand how these models arrive at their conclusions.
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Future Directions

The future of transformer-based language models in bioinformatics looks promising, with several areas
ripe for exploration. One potential direction is the integration of multi-modal data, such as combining
genomic, proteomic, and transcriptomic data, to create more holistic models of biological systems.
This approach could lead to a more comprehensive understanding of how different layers of biological
information interact, potentially unveiling new biological mechanisms and pathways (AlQuraishi, 2019).
Another avenue is the development of models that can learn from smaller datasets, which is crucial
for rare diseases where data is often scarce. Techniques such as transfer learning, where models pre-
trained on large datasets are fine-tuned on smaller, task-specific datasets, are being explored to address
this challenge (Li et al., 2024). Additionally, the integration of unsupervised learning methods could allow
models to extract meaningful patterns from data without requiring extensive annotation. For instance,
BiGAMIi, a bi-objective genetic algorithm, has been designed to optimize feature selection in microbiome
datasets, enhancing the discovery of meaningful patterns in complex biological data (Leske et al., 2022).
As these models become more sophisticated, there is also the potential for real-time applications in personalised
medicine. For instance, transformer-based models could be used to analyse a patient’s genomic data and
predict their response to different treatments, enabling more tailored and effective therapies. This could be
particularly valuable in the context of diseases like cancer, where personalised treatment plans are often
necessary (Topol, 2019). However, as these models deal with sensitive patient data, ensuring secure training
frameworks is crucial. Techniques such as splitfed learning and multi-head split learning have been proposed
to address information leakage and enhance data privacy in collaborative learning settings (Joshi et al., 2022).

Conclusion

Transformer-based language models represent a significant advancement in the field of bioinformatics,
offering new tools for analysing complex biological data. From genomic analysis to protein folding, evolutionary
modeling, DNA foundation modeling with Evo, and single-cell interpretation, these models have the potential to
deepen our understanding of biological systems and drive new discoveries. However, challenges such as data
quality, computational demands, and model interpretability must be addressed to fully realise this potential. As
research continues, transformer models are likely to play an increasingly important role in the ongoing effort
to decode the language of life.

References

ALQURAISHI, M. End-to-End Differentiable Learning of Protein Structure. Cell Systems, v. 8, i. 4, pp. 292-301, 2019.
Available at: http://doi.org/10.1016/j.cels.2019.03.006. Access at: 10 jan. 2024.

ANDRADE, B. G. N.; DONATONI, F. A. B.; CUADRAT, R. R.; CARDOSO, T. F.; MALHEIROS, J. M.; OLIVEIRA, P. S. N.

DE; PETRINI, J.; MOURAO, G. B.; COUTINHO, L. L.; REECY, J. M.; KOLTES, J. E.; ZERLOTINI NETO, A.; MEDEIROS,
S. R. de; BERNDT, A.; PALHARES, J. C. P,; AFLI, H.; REGITANO, L. C. de A. Stool and ruminal microbiome components
associated with methane emission and feed efficiency in Nelore beef cattle. Frontiers in Genetics, v. 13, 812828, 2022.

DEVLIN, J.; CHANG, M.-W.; LEE, K.; TOUTANOVA, K. BERT: Pre-training of Deep Bidirectional Transformers

for Language Understanding. In: Conference of the North American Chapter of the Association for Computational
Linguistics: HumanLanguage Technologies, 2019, Stroudsburg, PA. Proccedings... Stroudsburg, PA: NAACL, 2019. p.
4171-4186. Available at: https://arxiv.org/abs/1810.04805. Access at: 10 out. 2023.

JI,Y.; ZHOU, Z.; LIU, H.; DAVULURI, R. DNABERT: Pre-trained Bidirectional Encoder Representations from
Transformers Model for DNA-language in Genome. Bioinformatics, v. 37, i. 15, pp. 2112-2120, 2021. Available at: http://
doi.org/10.1093/bioinformatics/btab117. Access at: 8 mar. 2024.

JOSHI, P.; THAPA, C.; CAMTEPE, S.; HASANUZZAMAN, M.; SCULLY, T.; AFLI, H. Performance and Information
Leakage in Splitfed Learning and Multi-Head Split Learning in Healthcare Data and Beyond. Methods and Protocols, v.
5,i. 3, 60, 2022.



Proceedings of Sdo Paulo School of Advanced Science on Hologenomic Data Analysis for Agriculture 63

JUMPER, J.; EVANS, R.; PRITZEL, A.; GREEN, T.; FIGURNOV, M.; RONNEBERGER, O.; TUNYASUVUNAKOOL, K;
BATES, R.; ZIDEK, A.; POTAPENKO, A.; BRIDGLAND, A.; MEYER, C.; KOHL, S. A. A.; BALLARD, A. J.; COWIE, A.;
ROMERA-PAREDES, B.; NIKOLQOV, S.; JAIN, R.; ADLER, J.; BACK, T.; PETERSEN, S.; REIMAN, D.; CLANCY, E_;
ZIELINSKI, M.; STEINEGGER, M.; PACHOLSKA, M.; BERGHAMMER, T.; BODENSTEIN, S.; SILVER, D.; VINYALS,
0O.; SENIOR, A. W.; KAVUKCUOGLU, K.; KOHLI, P.; HASSABIS, D. Highly accurate protein structure prediction with
AlphaFold. Nature, v. 596, i. 7873, pp. 583-589, 2021. Available at: http://doi.org/10.1038/s41586-021-03819-2. Access
at: 11 abr. 2024.

KALYAN, K. S.; RAJASEKHARAN, A.; SANGEETHA, S. AMMU: a survey of transformer-based biomedical pretrained
language models. Journal of biomedical informatics, v. 126, 103982, 2022. Available at: https://doi.org/10.1016/j.
jbi.2021.103982. Access at: 10 nov. 2024.

LESKE, M.; BOTTACINI, F.; AFLI, H.; ANDRADE, B. G. N. BiGAMi: bi-objective genetic algorithm fitness function for
feature selection on microbiome datasets. Methods and Protocols, v. 5, i. 3, 42, 2022.

LI, X.; CHEN, K.; YANG, J.; WANG, C.; YANG, T.; LUO, C.; LI, N.; LIU, Z. TLDA: a transfer learning based dual-
augmentation strategy for traditional chinese medicine syndrome differentiation in rare disease. Computers in Biology
and Medicine, v. 169, 107808, 2024.

RIVES, A.; MEIER, J.; SERCU, T.; GOYAL, S.; LIN, Z,; LIU, J.; GUO, D.; OTT, M.; ZITNICK, C. L.; MA, J.; FERGUS,
R. Biological structure and function emerge from scaling unsupervised learning to 250 million protein sequences.
Proceedings of the National Academy of Sciences, v. 118, i. 15, €2016239118, 2021. Available at: https://doi.
org/10.1073/pnas.2016239118. Access at: 10 abr. 2024.

SENIOR, A. W.; EVANS, R.; JUMPER, J.; KIRKPATRICK, J.; SIFRE, L.; GREEN, T.; QIN, C.; ZIDEK, A.; NELSON, A.
W. R.; BRIDGLAND, A.; PENEDONES, H.; PETERSEN, S.; SIMONYAN, K.; CROSSAN, S.; KOHLI, P.; JONES, D.

T.; SILVER, D.; KAVUKCUOGLU, K.; HASSABIS, D. Improved protein structure prediction using potentials from deep
learning. Nature, v. 577, i. 7792, pp. 706-710, 2020. Available at: https://doi.org/10.1038/s41586-019-1923-7. Access at:
23 abr. 2024.

STUART, T.; BUTLER, A.; HOFFMAN, P.; HAFEMEISTER, C.; PAPALEXI, E.; MAUCK, W. M. 3rd; HAQO, Y.;
STOECKIUS, M.; SMIBERT, P.; SATIJA, R. Comprehensive Integration of Single-Cell Data. Cell, v. 177, i. 7, pp. 1888-
1902.e21, 2019. Available at: https://doi.org/10.1016/j.cell.2019.05.031. Access at: 11 fev. 2024.

TOPOL, E. J. High-performance medicine: the convergence of human and artificial intelligence. Nature Medicine, v. 25,
i. 1, pp. 44-56, 2019. Available at: https://doi.org/10.1038/s41591-018-0300-7. Access at: 9 abr. 2024.

VASWANI, A.; SHAZEER, N.; PARMAR, N.; USZKOREIT, J.; JONES, L.; GOMEZ, A. N.; KAISER, t.; POLOSUHKIN, I.
Attention Is All You Need. In: CONFERENCE ON NEURAL INFORMATION PROCESSING SYSTEMS (NIPS), 31., 2017,
Long Beach, CA. Anais... Long Beach, CA: NIPS, 2017. Available at: http://doi.org/10.48550/arXiv.1706.03762. Access
at: 10 fev. 2024.

VENTERO, M. P.; CUADRAT, R. R. C.; VIDAL, |.; ANDRADE, B. G. N.; MOLINA-PARDINES, C.; HARI MORENO, J. M ;
COUTINHO, F. H.; MERINO, E.; REGITANO, L. C. de A;; SILVEIRA, C. B.; AFLI, H.; LOPEZ-PEREZ, M.; RODRIGUEZ,
J. C. Nasopharyngeal microbial communities of patients infected with SARS-CoV-2 that developed COVID-19. Frontiers
in Microbiology, v.12, 637430, 2021.

WOLF, T.; DEBUT, L.; SANH, V.; CHAUMOND, J.; DELANGUE, C.; MOI, A.; CISTAC, P.; RAULT, T.; LOUF, R;;
FUNTOWICZ, M.; DAVISON, J.; SHLEIFER, S.; VON PLATEN, P.; MA, C.; JERNITE, Y.; PLU, J.; XU, C.; LE SCAO,
T.; GUGGER, S.; DRAME, M.; LHOEST, Q.; RUSH, A. Transformers: State-of-the Art Natural Language Processing. In:
Conference on Empirical Methods in Natural Language Processing, 2020, Stroudsburg, PA. System Demonstrations:
proceedings. [S. |.]: Association for Computational Linguistics, 2020. p. 38-45. EMNLP 2020. Available at: https://
aclanthology.org/2020.emnlp-demos.6/. DOI: 10.18653/v1/2020.emnlp-demos.6. Access at: 15 nov. 2024.



64 Eventos Técnicos & Cientificos, 3

Integrating multi-omics data using multilayer networks
for the analysis of the rumen microbiome

Mengyuan Wang®, Haiying Wang®, Huiru Zheng®’

(M School of Health & Life Sciences, Teesside University, United Kingdom
@ School of Computing, Ulster University, United Kingdom
*Corresponding author: h.zheng@uister.ac.uk

Introduction

Rumen is a large fermentation chamber hosting diverse microbial communities, including bacteria, archaea,
protozoa, and fungi. The rumen microbes enzymatically degrade these complex carbohydrates to produce
volatile fatty acids (VFAs), which serve as a primary energy source for the host (Henderson et al., 2015). The
rumen microbiome represents a complex and dynamic ecosystem. Central to this ecosystem's functionality
is the metabolic interplay among diverse microbial species, which is linked to animal health, productivity, and
environmental impacts (i.e. methane emissions).

The advent of omics technologies presents an opportunity to comprehend the mechanism behind microbial
activities at a particular level. For example, genomics helps identify the various microbial species present in
the rumen. Understanding the genomic composition of the rumen microbes can reveal their potential functions
and interactions. Transcriptomics and proteomics can be used to examine the active biological processes
within the rumen microbiome. These omics layers provide insights into which genes are being expressed and
what proteins are being produced and provide information on the metabolic pathways that are active in the
microbiome under different dietary conditions. Metabolomics focuses on the small-molecule metabolites found
within the rumen ecosystem. Rumen metabolite provides a direct measurement of biochemical activities,
offering insights into how microbial functions can be optimized or controlled. Each metabolite offers a snapshot
of biochemical activities, providing a dynamic picture of how microbial populations respond to diet, health, and
environmental conditions.

Multi-omics analysis, which integrates data from different biomolecular levels, has great potential to obtain a
holistic view of the microbial ecosystem, including its functional capabilities, and its interaction with the host
animal and environment (Kaur et al. 2023). This integration can help in constructing more accurate models
of microbial activity and interactions, leading to better predictions of how changes in the microbiome affect
the host animal. Combining metabolomic data with genomic, transcriptomic, and proteomic data can provide
a more complete picture of the microbial activities in the rumen. Multi-omics integrative approach can help
elucidate how changes at the molecular level influence overall microbial function and host interaction.

Multi-layer networks

Multi-layer networks are a model based on graph theory used to capture the complexity of interactions across
different interconnected systems. In multi-layer networks, nodes represent the entities or actors, like those in
single-layer networks. However, each node can participate in various types of relationships or interactions,
which are segregated into multiple layers (Domenico et al., 2015). Within each layer, nodes are connected
by edges that represent a specific type of relationship relevant to that layer. Additionally, nodes across layers
(either the same node in different contexts or different nodes across contexts) can be connected through
inter-layer edges. These inter-layer connections can represent the same entities across different contexts or
different entities that are related through some cross-contextual interaction. Layers in a multi-layer network
can be categorized as either multiplex networks, where the same set of nodes is connected by different types
of relationships (e.g., different social interactions), or interconnected networks, where different layers contain
different nodes, and the layers are connected by specific types of inter-layer edges.

Multi-layer networks permit the extension of traditional graph theoretical measures, such as centrality,
clustering coefficients, and connectivity, to account for the added complexity of multiple layers (Wang et al.,
2022). New metrics specific to multi-layer contexts, such as layer similarity or inter-layer centrality, are also
developed. Modeling interactions between different types of biological entities (e.g., gene regulation, protein-
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protein interactions, metabolic pathways) across different conditions or types of data.

Integrating omics data with a multilayer network-based approach represents a significant step forward to
the methods already in use in which each type of data is treated independently (Wang et al. 2016). Due to
the heterogenous and high dimensional nature of omics data, integrating microbial multi-omics data analysis
requires special model design consideration.

Integrating microbial multi-omics data: Challenges and Opportunities

Microbial multi-omics refers to the integrated analysis of different omics datasets—such as genomics,
transcriptomics, proteomics, and metabolomics—to understand the functioning, interaction, and dynamics
of microbial communities (Lee et al., 2020). However, the composition of the rumen microbiome can vary
significantly between different animals, diet types, and even over time within the same animal. This variability
introduces additional complexity in data analysis and interpretation, as it can be challenging to discern patterns
or draw general conclusions from multi-omics data. Constructing multi-layer networks for multi-omics data
poses several unique challenges. Multi-omics involves the integration and analysis of datasets generated
from various omics layers such as genomics, transcriptomics, proteomics, and metabolomics, each providing
different but complementary information about biological processes. The multi-layer network approach aims
to capture the complexity of interactions between these various biological data types (Barupal et al., 2018).
Figure 1 shows some key challenges and considerations in constructing these networks.

ta Heterogeneity:

Iti-omics data vary widely in type, scale, and underlying biology.

sgrating challenges 1n data structure, resolution, and dynamics.

a from different omics layers require different preprocessing and normalization techniques.

plexity of Biological Interactions:

h layer m a multi-omics network represents a different aspect of cellular biology.

s interactions between layers are complex.

s relationship 1s not necessarily linear.

putational Complexity:

Iti-omics datasets are extremely large and high-dimensional, with thousands of variables across multiple layers.
1structing a network demands efficient processes of these data while preserving meaningful biological mformation.
sse algorithms also need to scale with the size of the data and the complexity of the network model.

pretability and Validation:

uring that the multi-layer networks constructed from multi-omics data are biologically meaningful and interpretable.
s requires robust methods to validate the network using biological knowledge, experimental verification, or both.

nany cases, a clear biological "ground truth" 1s lacking, making it difficult to validate the network models derived from multi-omic

Figure 1. Key challenges in constructing a multilayer network.

To overcome the challenges outlined in Figure 1, several advanced methodologies could be considered.
1) Integration techniques and specific preprocessing methods are used to handle data heterogeneity,
standardizing diverse data types and scales for effective analysis. 2) Complex network models, including
nonlinear and graph-based models, capture intricate biological interactions across different data layers. 3)
Ensuring the interpretability and validity of the network models are achieved through robust statistical methods
and biological experiments, such as biological knowledge integration, to validate the computational predictions
and ensure the biological relevance and reliability of the network analyses.
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Integrating microbial multi-omics with multilayer networks offers significant opportunities to enhance our
understanding of microbial ecosystems and the complex interplay between microbes, hosts, and their
environment. For example, by using a multilayer network to model different omics layers, key regulatory nodes
and interactions that drive community dynamics and responses to environmental changes could be identified
(Wang et al., 2021). The study conducted by Zheng et al.(2020) developed a framework to analyze and
interpret the co-occurrence networks of microbial communities in the bovine rumen for the methane emission
phenotype. Two types of networks are established: co-presence networks, which reflect positive associations,
and mutual-exclusion networks, which reflect negative associations. Significant modules within these networks
are identified. Biological relevance is ascertained by mapping network nodes to KEGG functional pathways
and identifying significant modules linked to methane emissions. Validation extends through cross-referencing
findings with external datasets and prior studies to ensure biological significance.

Wang and her colleagues (Wang et al., 2021) explored a novel method for understanding the intricate dynamics
of methane production in cattle through a multilayer network analysis with emphasis on the identification of key
microbial genes and their interactions that contribute to methane emissions. Using data from 1,461 microbial
genes and volatile fatty acids (VFAs) profiles obtained from rumen samples, the study constructed a multilayer
heterogeneous network. This network integrates different layers of biological data, including microbial gene
co-occurrence and gene-metabolite interactions (Figure 2). The heat diffusion algorithm was employed to
navigate through this complex network structure, aiming to pinpoint functional clusters and biomarkers directly
or indirectly associated with methane production. The approach revealed that the multilayer network could
capture more comprehensive interactions compared to single-layer networks. The network analysis not only
identified known biomarkers but also discovered 24 novel ones that show a significant correlation with methane
emissions influenced by specific VFAs.

One of our studies (Wang et al., 2022) focuses on using a multilayer network to identify key hubs that play
significant roles in microbial methane metabolism. The research constructed a three-layer heterogeneous
network, comprising rumen metabolites, microbial genes, and microbial communities (Figure 2). The
topological analysis identified 59 entities, including metabolites, microbial genes, and genera, as central nodes
within this network, with 23 appearing across multiple topological rankings. Interestingly, the study identified
specific microbial genes and microbial genera that consistently appeared in topological hubs, suggesting their
significant involvement in methane metabolism. This research enhances understanding of the structural and
functional connectivity within the rumen microbiome.
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Using a multi-layer network to represent the multi-omics of the rumen microbiome offers significant benefits
for understanding and manipulating this complex system. This approach enables the integration of diverse
datasets, such as genomic, transcriptomic, proteomic, and metabolomic data, providing a holistic view of the
microbial interactions and functions within the rumen. By mapping these layers of biological information onto a
network, key microbial species and their interactions can be identified to predict the microbiome’s response to
changes in diet or environment. This comprehensive model enhances the ability to optimize rumen function for
better animal health and more efficient feed conversion, crucial for improving sustainable livestock production.
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The animal microbiome, a complex ecosystem of microorganisms residing within and on an animal, plays
a critical role in host health, performance, and disease susceptibility. For many years, culture-dependent
methods were the only ones available to investigate microbiomes; however, recent advancements in
sequencing technologies have made culture-independent techniques more accessible, and their development
has generated large amounts of data, allowing researchers to understand the true nature and complexity of
animal microbiomes.

In the context of applied Animal Science, research has shown that microbiome composition significantly
impacts nutrient digestion, metabolism, and immune function of animals. For instance, recent studies found
that important traits such as feed efficiency, the amount of fat in carcass, and even animal health can all be
impacted by the microorganisms living in the animal’s gastrointestinal (GIT) tract (Welch et al., 2020; Krause
et al; 2020; Hu et al., 2023). However, since individual variations among animals play a significant role, there
is a need for a more comprehensive understanding of the biological processes that occur in each individual
animal. In addition, microbiome information should be evaluated in conjunction with other “omics” data such
as metatranscriptomics, proteomics and metabolomics, as well as host phenotypic evaluations (Lourenco;
Welch, 2022), since this can provide a more comprehensive view of microbial function and how it impacts the
host animal.

Research performed in swine has identified the gut microbiome as a new source of variation to improve animal
growth and efficiency (Lu et al., 2018; Khanal et al., 2019; Maltecca et al., 2019). Lu et al. (2018) combined
gut microbiome information for over 1,200 pigs with phenotypes, pedigree, and genotypes that were already
part of a genetic improvement program. They concluded that using the microbiome data under the form of
relatedness among individuals based on similarity of microbial communities significantly improved their model
for estimating breeding values for backfat and average daily gain (Lu et al., 2018). Similarly, Khanal et al.
(2019) evaluated the impacts of gut microbiome on carcass composition and quality at different stages of the
swine production cycle and found a significant contribution of the microbiome information to all traits analyzed.
Moreover, adding the microbiome information to their model significantly improved the estimation of carcass
composition traits, indicating that an important portion of the genomic variance was contributed by the gut
microbiome. Results like these may lead to establishing a new approach for genetic evaluations through the
addition of gut microbial information into the prediction models (Khanal et al., 2019).

In cattle, the GIT microbial population produces a huge array of enzymes that help animals digest their feed.
Furthermore, there is evidence indicating that the microbial population of the GIT tract plays a key role in the
way cattle perform (Hernandez-Sanabria et al., 2012; Myer et al., 2015; Shabat et al., 2016; Lourenco et al.,
2019). In addition, research has shown that the host can exert some control over its own GIT microbiome
through several biological mechanisms, such as by producing more or less compounds that serve as substrates
for the microorganisms (e.g. production of mucus by the gut; Ouwerkerk et al., 2013). Since this kind of
mechanism is inherent to the host animal and varies from individual to individual, certain animals can develop
GIT microbiomes with unique characteristics. Moreover, in many instances, those individualities in microbial
composition are associated with more desirable phenotypic traits such as better feed efficiency or greater
carcass marbling scores (Welch et al., 2020; Krause et al; 2020).

Another application of animal microbiome analysis is providing evidence for the development of targeted
probiotics and prebiotics for specific animal species and health needs. Probiotics are live microorganisms that
confer health benefits to the host, while prebiotics are dietary fibers that selectively stimulate the growth of
beneficial gut bacteria. By identifying fundamental microbial species associated with desired functionalities,
Animal Scientists can develop targeted probiotic formulations to modulate the gut microbiota and promote
animal health. Similarly, prebiotics can be designed to selectively nourish beneficial bacteria identified through
microbiome profiling (Hill et al., 2014). Such knowledge can be used to formulate targeted diets that optimize
gut microbial function and ultimately enhance animal performance.
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Concerning animal health, a balanced gut microbiome can act as a barrier against pathogenic bacteria.
Disruptions in this balance, known as dysbiosis, can predispose animals to infections. For example, in chicken,
the onset of necrotic enteritis is associated with a shift in the gut microbiota (Birchler et al., 2001), and birds
challenged with Clostridium perfringens showed signs of gut dysbiosis. Studies like that, exploring the link
between specific gut bacteria and infection, can inform strategies to enhance disease resistance, and might
allow us to identify bacterial strains that stimulate the host's immune system or even produce antimicrobial
compounds. This information could then be incorporated into probiotic formulations to strengthen the animal's
natural defenses against pathogens.

In conclusion, the exploration of the animal microbiome offers a transformative lens through which we
can understand and improve animal health, performance, and welfare. Utilizing microbiome information in
Animal Science holds significant promise for developing novel strategies in nutrition, disease prevention,
and personalized animal care. As research progresses, integrating microbiome data into diverse aspects of
animal management will undoubtedly translate into a more sustainable and responsible approach to animal
production.
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Can we breed cattle with more efficient rumen microbiome?
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Production of adequate animal proteins for continuously increasing human population is an urgent global
task. In many nations, ruminant protein is an integral component of the human diet and has contributed to
the development and elimination of poverty in human society. Cattle industry, including both beef & dairy,
is one of the most important agricultural commodities, which provides the animal proteins (milk and meat)
to humans. Over the past decade, research performed globally suggests differences in rumen microbiota
are associated with cattle production and health traits, such as feed efficiency (Guan et al., 2008), methane
(CH,) emission (Tapio et al. 2017), milk yield and composition (Xue et al., 2019), and so on, highlighting
the important role of rumen microbial digestion and fermentation in regulating key production traits. Hence,
rumen microbiota is a potential target for manipulation to improve ruminant productivity and health, as well
as reduce CH, emissions. The rumen microbiome consists of hundreds of species that include prokaryotes
(bacteria and methanogens), and eukaryotes (protozoa and fungi), making it one of the most sophisticated
microbial ecosystems known. Bacteria are the most abundant ruminal microorganisms, despite the differences
in ruminant species, animal breed, diet, environment, and geographic locations, the recent studies showed
that there is a group of core bacteria in the rumen, with Prevotella, Butyrivibrio, and Ruminococcus, as well as
unclassified Lachnospiraceae, Ruminococcaceae, Bacteroidales, and Clostridiales were the most abundant
bacteria (Henderson et al., 2015). The second most abundant ruminal microorganisms are archaea with
methanogens accounting for up to 99% (Moissl-Eichinger et al., 2018). In addition, the ciliated protozoa in the
rumen have a larger size than bacteria and archaea, accounting for up to 50% of the rumen microbial biomass
(Sylvester et al., 2004). Recent studies found that protozoal communities were more variable than bacteria and
archaea (Henderson et al., 2015). The rumen anaerobic fungi all belong to phylum Neocallimastigomycota,
which accounts for up to 20% of the microbial biomass (Edwards et al., 2017). The above microbial groups
interact with each other, work synergically degrades most complex plant polysaccharides, producing volatile
fatty acids (VFAs), microbial protein, and vitamins that provide nutrients to meet the host’s requirement for
maintenance, reproduction, growth, meat and milk production.

Rumen microbes are the key players of enteric CH, production, with CO, being reduced to CH, by methanogens
through ruminal methanogenesis. This process contributes to the low partial pressure of hydrogen in the
rumen needed for efficient fermentation of plant cell wall carbohydrates (Ungerfeld, 2020). In the meantime,
enteric CH, emissions also represent a loss of approximately 2-12% of the gross energy intake of the host
(Beauchemin; McGinn, 2008), negatively impacting production efficiency. Therefore, it has become an urgent
global task to reduce CH, emissions and improve feed digestive efficiency from ruminants, while improving the
efficiency of production so as to satisfy the growing demand for meat and milk.

To date, most studies to date only focused on bacteria and/or archaea, and only used correlation to reveal
associations between rumen microbes and these traits. Proper methods are lacking to determine the specific
causal contribution of rumen microbes to traits. Although an increasing number of studies are revealing factors
affecting rumen microbiome composition and function, including diet, environment, and genetic background
of host, these effects were nested and not readily separated, constraining the development and application of
more effective rumen microbiome manipulation strategies. To date, it is unclear as to the relative impact of each
of these factors on the rumen microbiome, and consequently, key production traits such as feed efficiency and
CH, emissions. Although diet and environment can be key factors that change the rumen microbiome, recent
research has highlighted that the rumen microbiome can vary between animals fed the same diet and reared
in the same environment, suggesting the host animal could also play a role in determining which microbes
inhabit the rumen. Recent research has highlighted the individual variation of rumen microbiota in both beef
(Zhou et al., 2018) and dairy cattle (Jami; Mizrahi, 2012) when animals were fed the same diet and managed
in the same environment, and recent evidence has revealed the heritability of rumen microbiomes. Difford et
al. (2018) first reported the heritability of rumen bacteria and archaea communities in dairy cows, two recent
landmark studies generated heritability estimates of rumen microbial features in both beef (Li et al., 2019) and
dairy cattle (Wallace et al., 2019). These finding suggest that the host has an impact on the rumen microbiome.
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Despite previous studies that reported heritable rumen microbes in beef and dairy cattle, a better understanding
of the interactions, function and effect of heritable microbes on cattle phenotypes is needed (Zang et al. 2022).
The latter work demonstrated that heritable bacteria make a stronger contribution to milk traits in dairy cattle
(32 bacteria at species level; h?>0.20; microbiability 0.16 - 0.33%), as compared to nonheritable bacteria (674
nonheritable bacteria at species level; h2<0.20; microbiability 0.03 - 0.06%), confirming the importance of host
genetics and rumen microbiota on performance traits (Zang et al. 2022). Studies have reported low positive
genetic correlations between milk traits and CHa production traits in dairy cattle (Hossein-Zadeh, 2022; Pszczola
et al. 2019). Heritable rumen microbiome features in beef cattle have also been studied, but their relationship
to interactions between feed efficiency and CH4 emission traits has yet to be investigated. Rumen microbiome
features (diversity indices, relative abundance, total bacteria copy number) are moderately heritable (h*>0.15)
in beef cattle, while also being associated with host feed efficiency traits (Li et al., 2019). Host SNPs were also
associated with specific heritable (h?>0.15) rumen microbial taxa, and these same SNP markers overlapped
with QTL for feed efficiency (Li et al., 2019). However, heritability of the rumen microbes was low to moderate
as compared to other traits such as weaning weight. The dietary and farm environment effects on rumen
microbiome are dominant when cattle go through dietary transition as well as move to the different production
systems. In contrast, genetic impacts should be more important among cattle raised and managed within the
same environment. Therefore, similar to other known traits, rumen microbes can be affected by genetics (G),
environment (E) and interaction between them (GxE). To date, it is unclear how large the contribution is of
each factor (genetics, diet, environment and interactions) on the rumen microbiome, and to what extent the
differences in the presence/absence or abundance of rumen microbes and their fermentation metabolites
can impact two key production traits (feed efficiency and methane). In summary, it suggests that host plays
an important role in the rumen microbiota of cattle, and manipulating selected heritable microbiomes with
genetic selection and breeding could be a possible strategy for improving feed efficiency of cattle and reducing
methane emission from ruminants. The knowledge and information obtained through such aspects have paved
the step stone for the research area to improve cattle production through genetic breeding of targeted rumen
microbiome for improved feed efficiency and reduced methane emission.
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The digestive tract of herbivores has been an profuse source of diverse enzymatic mechanisms for lignocellulose
depolymerization. The microbiota of foregut (rumen) fermenters has been studied as a model system along
the last decades, which resulted in the discovery of sophisticated systems to degrade recalcitrant plant fibers
(Krause, et al., 2003, Hess, et al., 2011). Aless explored and equally effective class of herbivores is the hindgut
fermenters. Similar to foregut fermenters, the digestion is accomplished by a symbiotic microbial community,
but in a single fermentation chamber (Stevens; Hume, 1998).

The capybara (Hydrochoerus hydrochaeris) is the largest living rodent, typically found in the Pantanal wetlands
and Amazon basin, and it is also known as “the master of the grasses” due to its diet based on gramineous
and aquatic plants. In this animal, the fermentation takes place in the cecum that corresponds to almost three-
quarters of the gastrointestinal tract, reaching a digestive efficiency comparable to that of ruminants (Kiani, et
al., 2019). The wild capybara animals dwelling the Southeast region of Brazil have incorporated sugarcane
in their diet for decades (Polo, et al., 2018), which makes their cecal microbiome particularly attractive for the
discovery of enzymatic mechanisms for the depolymerization of this industrially relevant feedstock and related
grasses.

In this way, to elucidate the enzymatic strategies employed by the Brazilian capybara microbiota for plant cell
wall depolymerization, we comprehensively investigated this gut microbial community combining 16S rRNA
gene targeting sequencing (16S), metagenomics (MG), metatranscriptomics (MT), and nuclear magnetic
resonance (NMR) based metabolomics, with carbohydrate enzymology and X-ray crystallography, which
ultimately led to the discovery of two families, according to the carbohydrate-active enzymes database (CAZy)
The taxonomic structure of the capybara gut microbiota from fresh cecal and rectal samples is mainly
constituted by Bacteria. 16S rRNA gene-based taxonomic analysis, corroborated by 16S rRNAreads recovered
from metagenome (16S_MG), MG, and MT data sets, indicates that the most abundant bacteria found in
this microbiota are members from the phyla Firmicutes and Bacteroidetes, Fusobacteria and Proteobacteria.
A prevalence of Firmicutes, Bacteroidetes, and Proteobacteria was also observed in the gut microbiota of
beaver, horse, rabbit, and koala (Pratama, et al., 2019, Armstrong, et al., 2018, Morrison, et al., 2018, Velasco-
Galilea, et al., 2018, Barker, et al. 2013). In this regard, the reconstruction of metagenome-assembled genomes
(MAGs) revealed several taxonomic novelties, representing either unknown species or genera from bacterial
families that are recognized as plant fiber degraders such as Fibrobacteraceae and Bacteroidaceae. Among
these taxonomic novelties, MAGs 41 to 44, assigned to the uncultured UBA932 family, are phylogenetically
grouped and may represent an unprecedented Bacteroidetes genus with a genetic potential for lignocellulose
degradation.

In order to understand the ability of capybara gut microbiota to convert plant polysaccharides into edible
sugars, MG and MT data from cecal and rectal samples were investigated to determine the genomic potential
associated with plant fiber depolymerization. A total of 7377 putative CAZymes genes encoding for 106
glycoside hydrolases (GH), 11 carbohydrate esterases (CE), and 10 polysaccharide lyases (PL) families were
identified, of which 517 genes presented a modular architecture. The most abundant CAZymes identified
are members of the families GH3, GH2, and GH1 (by decreasing abundance), which is in agreement with
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that reported for other gut microbiomes such as human, swine, and cattle rumen (Li et al., 2020). In the
CAZyme repertoire of this microbiota neither cellulases from families GH6, GH7, and GH48, nor cellulosomes,
assessed by the presence of cohesin and dockerin domains associated with cellulases, could be identified.
The CAZyome (CAZyme inventory) analysis of the capybara gut microbiota indicates Fibrobacteres as the
main drivers for cellulose breakdown, whereas the numerous Bacteroidetes PULs and clusters of CAZymes
confer to this community a myriad of enzymatic strategies to tackle with complex and diverse hemicelluloses
and pectins commonly present in gramineous and aquatic plants, major components of capybara diet.
Metabolite profiling shows high performance on the conversion of dietary fibers into short-chain fatty acids.
The major fermentation products measured in the capybara gut were short-chain fatty acids (SCFAs),
among more than 40 metabolites detected by NMR spectroscopy-based metabolomics. The most abundant
metabolites observed in cecal and rectal samples were acetate, propionate, and butyrate. Metabolic pathway
reconstruction analysis shows that acetate can be produced by any of the bacterial MAGs recovered from
capybara gut microbiome, which is in agreement with the high abundance of this metabolite in both cecal and
rectal samples. On the other hand, the expression analysis of key genes involved in the butyrate pathway
(atoA/D genes) indicates that Firmicutes lleibacterium sp. MAG6 and Megasphaera sp. MAG33 are likely the
major butyrate-producing bacteria in the capybara gut.

The joint MG and MT analysis of the capybara gut microbiome revealed several expressed genes annotated as
hypothetical proteins. Some of these genes display remote similarity to CAZy members, with sequence identity
ranging from 10 to 21%, suggesting a potential function in the processing of plant polysaccharides, but requiring
further functional investigation. One of these hypothetical proteins (SEQ ID PBMDCECB__ 44807, named here
as CapGH173), was recovered from Bacteroidales bacterium MAG42, a discovered genome that expands the
uncultured UBA932 family. CapGH173 orthologues are found in Actinobacteria, Firmicutes, Verrucomicrobia
and Bacteroidetes MAGs recovered from diverse sources such as rumen, feces, gut, and oral microbiotas,
being the closest sequence from a rumen-derived MAG (UBA2817) from the uncultured RC9 group (Parks
et al., 2017). In the Bacteroidales bacterium MAG42, CapGH173 is found in a predicted PUL that includes
enzymes from families GH2 and GH78. In addition, as presented in the taxonomic analysis, Bacteroidaceae
bacterium MAGS7 encompasses a remarkable number of CAZyme-encoding genes including a gene cluster
targeting arabinoxylan (CC102), an abundant hemicellulose in secondary cell walls of sugarcane and other
grasses. This cluster encodes two exo-enzymes from families GH43 and GH97, and an unconventional GH10
member with an unknown 45 kDa N-terminal domain.

In this study, we investigated how the gut microbiota of the largest living rodent, capybara (Hydrochoerus
hydrochaeris) known as “master of the grasses”, can efficiently depolymerize and utilize recalcitrant plant
polysaccharides. An integrated meta-omics approach focused on the enzymatic and metabolic capabilities
for plant fiber breakdown unveiled that cellulose degradation in this community is not accomplished by
classical mechanisms involving cellobiohydrolases or cellulosomes. The complex and diverse composition
of hemicellulosic and pectic polysaccharides present in gramineous and aquatic plants are tackled by
a broad number of CAZymes organized in PULs found in the multiple recovered Bacteroidetes MAGs,
which in part resembles to that from human gut Bacteroidetes species such as the PULs for mixed-
linkage B-glucans (Tamura, et al., 2017) and xyloglucans (Larsbrink, et al., 2014, Hemsworth, et al. 2016).
In conclusion, this work sheds light on the enzymatic apparatus and metabolic pathways employed by
the gut microbiota from the Amazon monogastric semi-aquatic herbivore, capybara, for the breakdown
and utilization of recalcitrant dietary polysaccharides. The discovery of several taxonomic novelties
associated with plant fiber degradation along with the founding of two CAZy families highlight this
microbiota as an untapped source of CAZymes and enzymatic systems of biotechnological interest.
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Ruminants have evolved to be able to digest complex molecules by segmenting their stomach to include
a large fermentation chamber, the rumen, in which a diverse and abundant microbiota flourishes. Among
other functions, microbiome-driven enzymatic fermentation allows complex saccharides such as cellulose to
be broken down into short-chain fatty acids (SCFAs), which are the major source of energy for ruminant’s
metabolism.

Because of their role in the digestion and absorption of nutrients, microbiota constitution is expected to impact
animal health and development, while there is growing evidence of a much broader contribution to the host,
including neural and immune development (Yu et al., 2022, Sampson; Mazmanian, 2015). In turn, the host
system also provides the necessary environment for microorganisms’ colonization. Thus, a mutual benefit is
established and the disequilibrium of this relationship frequently leads to disease.

Rumen microbiome composition has been associated with variation in feed efficiency, methane emission, milk,
and fat yield (Zhang et al., 2021), as well as with susceptibility to diseases, e.g. mastitis (Hu et al., 2023). If the
results with animal models apply to ruminants, a number of other traits including behavioral traits are expected
to be influenced by the microbiome.

The term microbiability has been proposed to designate the fraction of phenotypic variation attributed to
microbiome composition while the term holobiability was designated to refer to the host’s genome x microbiome
interaction, and recent research has demonstrated an inheritable microbiome composition. For instance, the
microbiome proportion of variance explained by dairy cows’ SNPs was found as highly variable across genera,
with heritability for different bacterial genera ranging from 0 to 0.41 and up to 0.26 for specific archaeal genera
(Zhang et al., 2020). A study with 16,234 samples collected from 585 wild baboons over a 14-year period
revealed 97% of heritable microbiome taxa. In general low heritabilities were found, but most would increase
with low diet diversity and with host age (Grieneisen et al.,2021). Notably, estimating microbiota heritability
faces many challenges as it is a very complex and compositional system. For instance, the simple presence
of one taxon may generate or consume a specific nutrient for other taxa, thus affecting its viability. Also, the
proportion of one taxon may be significantly affected by the diversity and richness of others. In this scenario,
methods need to be developed to account for these compositionality and complexity.

In fact, the equilibrium of this so-called “holobiont” system results from intense cross-talk between the elements
of the different life kingdoms, probably driven by many molecules. Vesicles carrying metabolites, miRNAs, and
proteins are good candidates for addressing these molecules to their targets, promising a biotechnological
model for manipulating these systems.

As most of the literature deals with Bos taurus breeds in the northern hemisphere, in order to better understand
the microbiome's contribution to Nelore’s (Bos indicus) beef production and sustainability, we designed a
multi-omics experiment using 52 animals split into two diets (conventional and by-product-based). To explore
the taxonomic diversity and functionality of the rumen and fecal microbiomes of Nelore bulls, the rumen and
stool microbial populations were accessed through sequencing of 16s rRNA gene’s phylogenetic signals. The
industrial by-product-based diet influenced the diversity of bacteria. Moreover, amplicon sequence variants
(ASVs) were associated with residual methane emission (RME) and residual feed intake (RFI) in both ruminal
and stool microbiomes (Andrade et al., 2022). While the rumen microbiome was expected to influence both
traits, the relationship of the stool taxa Alistipes and Rikenellaceae with these traits was not reported before.
As both are reported to produce anti-inflammatory compounds, this result may indicate a role of inflammation
on RFI and RME variation, possibly implicating the microbiota in the inflammation effects on RFI described by
Alexandre et al.( 2015).

Shotgun metagenomics revealed higher microbial diversity in the rumen compared to the fecal
microbiome. Differences in taxonomic profile and microbial functionality suggested different contributions
of the microbiomes of these environments. Feed-efficient animals showed more functions related to
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carbohydrate metabolism, while methanogenesis, hydrogen and formate functions were enriched from
taxa associated with methane emission (Conteville et al., 2023). This data also allowed the recovery
of 1,526 metagenome-assembled genomes (MAGs) from ruminal content and feces. These MAGs
harbored ~2 million coding regions, which were annotated based on its functional potential, carbohydrate-
active enzymes (CAZymes), antibiotic resistance genes, among others (Conteville et al., in preparation).
Additionally, metatranscriptome data were mapped against the MAG’s coding regions from rumen. About
960,240 coding regions were obtained from which 884,698 were active. Genes with functions related to the
metabolism of carbohydrates, amino acids, lipids and energy were differentially expressed between diets. In
addition to impacts on microbiome composition, these results suggest that diets can cause variations in rumen
microbiome functionality through modulation of gene expression (Silva et al., 2023).

Regarding meta-metabolomics, thirty-eight ruminal fluid and 27 fecal metabolites were significantly different
between the two diets. Ruminal fluid dimethylamine was significantly associated with dry matter intake (DMI),
RFI, feed efficiency (FE), observed water intake (OWI) and predicted water intake (WI), while ruminal aspartate
was associated with DMI, RFI, FE and WI. Fecal C22:1n9 was significantly associated with OWI and residual
water intake (RWI), while C14:0 and hypoxanthine were significantly associated with DMI and RFI. The results
demonstrated that nutritional interventions may alter ruminal and fecal metabolites and provided new insights
into the relationship of these metabolites with feed efficiency and water intake traits in bovines. (Malheiros et
al., 2023).

We also investigated the interplay among genome, transcriptome, and microbiome on feed efficiency and
methane emission traits, providing new candidates for improving methane emission and feed efficiency
phenotypes at the microbiota composition and transcriptional regulation levels. For instance, we identified
epistatic SNP-SNP modules associated with RME and RFl traits. Genes in the SNP windows associated with RFI
belong to several pathways related to the immune system and actin cytoskeleton organization, suggesting that
immune response and cilium organization may play a significant role in feed efficiency, while methanogenesis
may involve multiple general pathways. Moreover, many ruminal and fecal ASVs and metagenomes were
correlated with these epistatic SNP-SNP modules (Cardoso et al., 2022).

Aiming to analyze fecal microbiota in a broader population of Nelore cattle, we collected 475 samples from
four editions of the Young Sire Performance Test (PNAT) held by the Brazilian Zebu Breeders Association
(ABCZ). Metabarcoding data revealed significant differences among the four years regarding bacterial diversity
(Shannon index), but there were no significant differences regarding archaeal diversity. Association between
bacterial ASVs and phenotypes identified five positive (FE, feed intake (FI), observed dry matter intake (DMIo),
average daily gain (ADG), and average metabolic live weight (AMLW), and five negative (FE, FI, DMlo, ADG,
and AMLW). In archaea, three positive associations were found between ASVs and phenotypes (average
live weight (ALW), AMLW, and ADG) (Rojas et al., 2024). Also, seven upregulated fecal miRNAs were found
in inefficient animals comparing RFI divergent bulls. The differentially expressed fecal miRNAs were highly
correlated with taxa previously associated with RFI in Nelore cattle (Andrade et al., 2022), pointing to miRNAs
as potential regulators of feed efficiency and possibly of the microbiome as well, contributing to the knowledge
needed to develop future strategies to manipulate the microbiome (De Oliveira et al., in preparation). Genetic
parameters estimates and modeling the microbiome effects on breeding equations for the PNAT bulls are
ongoing and represent one of the biggest challenges in this research effort.

We also analyzed fecal microbiota from another ABCZ’s project aiming to evaluate beef quality in Nelore cattle.
Samples were collected at three different time points of the production system: grazing during the dry season,
grazing during the rainy season, and at the end of the feedlot finishing. We observed greater bacterial diversity
during the grazing period in the dry season, whereas the diversity of archaea was higher during the dry and
rainy seasons than in the feedlot period (Antonio et al., 2023). These results are opposite to the literature
reporting diversity increasing with age (Jami et al., 2013), and may reflect environmental effects. Association
analyses between the fecal bacterial profiles and RFI showed eight ASVs from the dry season grazing profile,
the earlier point after weaning, associated with reduced FE in the feedlot, and two with increased FE (Silva
et al., 2023b).

From the above exposure, one can conclude that Bos indicus production and breeding may be better understood
under the concept of hologenome, a.i., considering the complex relationships with their microbiome. Although
rumen samples are frequently studied, feces are ready-accessible biological samples that may provide
information on the microbiome and its effects on phenotypes. Using multi-omics, one might enlighten the
underlying biological mechanisms and targets for manipulating the hologenome may be depicted.
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Nuclear magnetic resonance spectroscopy (NMR) is a powerful technique that has been used in chemical
analysis just after its introduction in 1946. The NMR information, used in metabolomics analyses, is based
on the interaction of nuclear spin with electromagnetic radiation (radiofrequency) when the sample is
in presence of a magnetic field. Figure shows a block diagram of a basic NMR spectrometer a photo of
commercial 600 MHz instrument. he sample is placed in the probe head, inside the magnetic, and irradiate
with a radiofrequency (transmitter) that depend on the strength of the magnetic field and isotopes constant
property called magnetogyric ratio. The NMR signal is detected with a radiofrequency receiver, similar used in
radio communication.
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Figure 1. Block diagram of a simple NMR spectrometer (left) picture of a 400 MHz spectrometer

The sample must contain nuclei (isotopes) with odd number of proton and/or odd number of neutron that has
nuclear spin, that is the property measured in NMR. For example, the three hydrogen isotopes 1H, 2H and
3H, known as hydrogen, deuterium and tritium, has odd number of proton and/or neutron and can be used in
NMR analysis. Most NMR metabolomics studies is based on 1H isotope, because it is stable (not radioactive)
has the high natural abundance (99.98%), and NMR high sensitivity and selectivity, allowing measurements
in order of minutes.

One of the main parameters used in NMR metabolomics analysis is known as chemical shift that is related
to chemical environment of the 1H in the molecules. Figure 2 shows a NMR spectrum of an ethanol sample
from it is possible to obtain thrre information that can be used to characterize this molecule. Fist of them is the
three peaks at approximately 1, 3 and 4 part per million (ppm) of the resonance frequency. The peaks at 1, 3
and 4 ppm are assigned to CH,, CH, and OH group of the ethanol molecules, respectively. The peak splitting
(separation) observed in the signals at 1 and 3 ppm is known as spin-spin coupling and is due to the number
of hydrogens plus one (n +1 peaks) in the neighbor carbon. In this example the CH, signal, at 1 ppm, shows
three peaks due to the two hydrons in CH, groups. On the other hand, the CH, signal at 3 ppm shows 4 peaks
due to the three hydrogens in CH, group. The OH signal at 4 ppm has no splitting, in this spectrum, because it
is a hydrogen that is weak bonded to the oxygen and it exchange with other ethanol molecules, and does not
show the spin-spin coupling with the hydrogens bond to the carbons. The third information in this spectrum is
the area of each signal is measured using the sigmoidal curve. The area (measured by the difference between
the two plateaus) is proportional to the number of hydrogens in each group. The relative area of peaks at 1,
3 and 4 ppm are 3, 2 and 1, respectively, that is the number of hydrogens in each chemical environment or
chemical shift.
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Figure 2. '"H NMR spectrum of ethanol.

Therefore, using the information NMR spectroscopy has been a powerful tool to determine the chemical
structure of small and large organic molecules (biopolymers).

Figure 3 shows a NMR spectrum of a blood serum sample from 0 to 6 ppm. The strong and broad line are
assigned to lipoproteins, lipids and weak and sharp peaks to small molecules, like glucose, lactate, creatinine
among several other metabolites. With this spectrum it is possible to quantify each metabolite, as the area of the
metabolite signals are proportional metabolite concentration, the proteins and lipids. The protocol to performed
the assignments is necessary to use NMR data base and the quantification can be doing by performed peaks

integration or using multivariate analysis.
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Figure 3. 'H NMR spectrum of a blood serum sample obtain at 600 MHz.
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The view of a single plant in a field looks like an individual organism from a single species, but if you are
able to zoom a few million times, you will find that there are many other species living on and inside every
plant. Together with all the organisms that interact with the host, a complex microbiota composed of bacteria,
archaea, fungi, oomycetes, viruses, protozoa, algae, and nematodes can be found (Baedke et al., 2020).
Collectively, the plant and its microbiome are holobionts, a term originally proposed by Adolf Meyer-Abich but
most frequently associated with and popularized by the famous evolutionary theorist Lynn Margulis (Baedke et
al., 2020). Initially, the term was applied to systems, such as fungi and algae, that combine in lichen-covered
rocks and, more recently, has been popularized in plants. Certainly, the concept of holobionts in agricultural
systems has broking paradigms and highlights the real role of microbes in plant health and productivity.

The idea of a holobiont has also inspired the concept of a hologenome, meaning the collective genetic
character of all aspects of a holobiont. The hologenome theory of evolution is an intriguing and unresolved
issue. More accept is the idea that the holobiont constitutes a unit of selection (Bordenstein & Theis, 2015).
The authors strongly suggest that the hologenome concept is a holistic view of genetics in which animals and
plants are polygenomic entities. For that purpose, some premises should be considered, such as the fact that
holobionts and hologenomes are units of biological organization but are not organ systems, superorganisms,
or metagenomes only. Moreover, hologenomes should be understood as a comprehensive gene system, and
hologenomic variation integrates all the mechanisms of mutation. Thus, hologenomic evolution is most easily
understood by equating a gene in the nuclear genome to a microbe in the microbiome, which fits squarely into
genetics and accommodates multilevel selection theory (Bordenstein; Theis, 2015).

Current plant microbiome studies aim to investigate plant microbiome structure under a variety of conditions,
for example, various host plant species, soil types and temporal and spatial differences (Sanchez-Canizares et
al. 2017), which certainly contributes to answering the following question: “How is the microbiome assembled
in plants?”. In general, a microbial community is the result of its succession over time. In plants, colonizing
areas require fast growth, and the microbiome starts with autotrophic cyanobacteria, whose diversity increases
sharply at the beginning and remains stable over time. The presence of cyanobacteria is linked to high organic
carbon and nitrogen contents in soils, paving the way for the colonization of higher organisms (Liu et al. 2016).
Disturbed environments support microorganisms with a greater response to nutrient inputs, and they evolve
into more specialized but metabolically slower assemblages (Nemergut et al., 2016).

In agricultural systems, the input of exogenous microorganisms may affect the homeostasis of plant holobionts.
This implies that we need to carefully consider adding or removing even single but important community
members, as these modifications may have consequences for the whole ecosystem. For example, under field
conditions, Ferrarezi et al. (2021) reported that the inoculation of beneficial bacteria did not affect the core
microbiome of maize; however, differences in the richness of different plant niches were observed. Notably, the
plant holobiont is a good example in nature, showing how good communication and interactive dialog between
two partners lead to better performance (Gordon et al., 2013).

During agricultural practices, we should consider that the main origin of the plant microbiome is the soil, where
microbial diversity is inversely correlated with the activity of its community. In addition to the microorganisms
that potentially migrate from the soil to the leaves, the phyllosphere is also colonized by specialized airborne
species. Another source in some plant species is the seed-borne community, which is inherited vertically. Soil
health reflects the recruitment of “good” microbes to plant holobionts.

As plants strongly select their specific microbiome, their overall microbial diversity is reduced, paving the way
for pathogen emergence (Niu et al., 2026). Crop monocultures are examples of continuous plant selection
over vast areas and long time scales (Sanchez-Canizares et al. 2017). Thus, defining a model microbial
community to increase plant productivity is of interest. The approach of assembling synthetic communities
will need to incorporate community ecology concepts. These synthetic communities, which are usually based
on biocontrol and biofertilizer species, should be supplemented with both accessory species to obtain robust



84 Eventos Técnicos & Cientificos, 3

diversity and keystone species to maintain the functional stability of the plant holobiont. Ferrarezi et al. (2023)
investigated whether the plant growth promotion efficiency of a key stone, Azospirillum brasilense (Ab-V5), is
a result of niche occupation and persistence according to the holobiont conditions. The effects of Ab-V5 and
the native microbiome were evaluated in microcosms via a combined approach of microbiomics (species-
specific gPCR, 16S rRNA metataxonomics and metagenomics) and plant phenomics (conventional and high-
throughput methods). The results revealed a weak ability of Ab-V5 inoculation to promote maize growth in the
native microbiome, which contrasts with the positive effects of using a diluted community. Genes involved in
bacterial metabolism of riboses and amino acids and cresol degradation were abundant in the diluted holobiont
community, indicating that these pathways can contribute to plant growth promotion and might be a result of
Ab-V5 performance as a microbial recruiter of beneficial functions to the plant. It is important to understand
how beneficial bacteria and fungi, which are largely used as bioinputs and constitute a relatively small fraction
of the microbiome, have had a disproportionately large influence on plant holobiont evolution.

Beneficial microbes can support plant holobiont nutrition through 1) biological nitrogen fixation (BNF), 2)
solubilization of insoluble nutrients, and 3) increased root surface area. The synergies between members of
the plant holobiont microbiome affect nutrient cycling in the rhizosphere and consequently shape plant nutrient
status and crop vyield in agricultural settings. For example, arbuscular mycorrhizal fungi create a suitable
environment for the colonization of plant growth-promoting bacterial endophytes if inoculated together onto
crop plants, and plant root and hyphal exudates provide a carbon source for bacterial endophytes. Compared
with single-strain inoculants, coinoculation with both fungi and bacteria as a consortium can improve crop
yields more (Nanjundappa et al., 2019).

Microbial communities present in the rhizosphere can control plant holobiont growth, development, and stress
responses through the production and delivery of plant growth regulators, growth regulatory precursors, or their
analogs (Singh et al., 2019). These plant—microbe interactions rely on a wide variety of long-distance chemical
signaling compounds (Chargas et al., 2018), including plant hormones (indole-3-acetic acid (IAA), auxins,
cytokinins, and gibberellins) and microbial-produced compounds that can mimic or induce plant hormone
production (Lyu et al., 2021). For example, many bacteria produce auxin or manipulate host auxin signaling to,
in the case of rhizosphere PGPB, promote plant root growth or, in the case of plant pathogens, interfere with
plant development (Spaepen et al., 2010).

Multiomics technologies are leading to a better understanding of plant holobiont dynamics. Currently, the
combination of automation with network analysis has improved the understanding of microbial ecology.
Network analysis is used not only to identify microbial taxa that support diversity but also to identify specific
taxa that show either a direct negative correlation with a known pathogen or an indirect correlation due to a
positive interaction with a pathogen antagonist (Lyu et al., 2021, Jeffrey, 2018).

Finally, the concept of holobionts is a perfect example of how our understanding of biology continues to evolve
over time. All of these plant breeding programs should consider those concepts during the development of
new cultivars and varieties as well as during the development of plant holobiont engineering, considering
the importance of the holobiont, where plants and microbes are interdependent. Moreover, improvements
concerning the intrinsic associations of plants and microbes are key points that will contribute to the development
of new management practices in fields contributing to more sustainable agriculture.
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