
Preface

The Brazilian Symposium on Bioinformatics (BSB, Simpósio Brasileiro de Bioinformá-
tica) is an international scientific conference with focus on Bioinformatics, Computational
Biology, Systems Biology, Biomedical Informatics and related areas. It is organized every
year by the Brazilian Computer Society (Sociedade Brasileira de Computação – SBC),
under the steering of the Special Committee for Computational Biology (Comissão Es-
pecial de Biologia Computacional – CE-BioComp), which is presently coordinated by
Sérgio Lifschitz (PUC-RJ) and co-coordinated by Kele Belloze (CEFET-RJ). BSB 2024
was the 17th edition of the conference, taking place in December 2–4, 2024, at Cidade da
Inovação, Instituto Federal do Espírito Santo (IFES), Vitória, Brazil. Vitória is the capital
of Espírito Santo, a state located in the Brazilian southeast.

BSB 2024 had as general chair Sérgio Nery Simões (IFES) and as vice-general
chair Karin Satie Komati (IFES). The Local Organization Committee also had as members
Francisco de Assis Boldt (IFES), Hilário Tomaz Alves de Oliveira (IFES), and Leandro
Colombi Resendo (IFES). The Technical Program Committee (TPC) of this year was
composed of 44 members from Brazil and also from Canada, France, Germany, Mexico,
Portugal, and the USA. The symposium two tracks of this year, accepting contributions
in the form of full and short papers, received a total of 33 full paper submissions, with
20 works being accepted, and a total of 7 short paper submissions, with 2 of them being
accepted. The submitted articles were evaluated through a single-blind review process,
with each paper having at least two independent reviews. The 22 accepted papers were
presented at the conference by one of their authors at one of the four technical sessions
held during BSB 2024, and now they have their archival versions in these annals.

Apart from the technical sessions, the conference had a mini-course (“Introduc-
tion to Machine Learning for Bioinformatics”) and two poster sessions, alpha and beta,
in which 59 posters were presented. BSB 2024 also counted four internationally renowned
keynote speakers: Peter Stadler (Leipzig University, Germany), Giancarlo Guizzardi (Uni-
versity of Twente, the Netherlands), Yayoi Natsume-Kitatani (NIBIOHN, Japan), and
Maria Emília Machado Telles Walter (University of Brasília, Brazil). Maria Emília Walter
was the honored researcher of this year, “in recognition of her dedication and exceptional
contribution to the advancement of Bioinformatics and the training of students throughout
a brilliant career”. Thank you so much, Maria Emília!

We also thank everyone who made BSB 2024 such a successful event, with around
100 (one hundred) delegates from Brazil and abroad: the TPC members, the local organi-
zation members, and volunteers, the keynote speakers, the session chairs, the several re-
searchers that helped in the evaluation of the works presented during the poster sessions,
SBC and CNPq for their support. Nominally, we also thank the best paper evaluation
board (João Carlos Setubal, Alberto Paccanaro, and Maribel Hernandez) and the instruc-
tor of the mini-course offered during the conference (Ronaldo Nogueira). Last but not
least, we thank all the authors who made contributions to this conference, either in the
form of paper or poster abstract, and the conference delegates; thank you very much, and
we hope to see you all again in BSB 2025!

December 2024 Marcelo S. Reis
Fabricio M. Lopes
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A bioinformatics approach to define host-element boundaries using Microviridae
phages and casposons as study models

Giuliana L. Pola1, Adam L.L. Ramalho2, Julia S. Fiasca1, Luciano A. Digiampietri3, Arthur
Gruber4

1. Biotechnology undergraduate course, EACH/USP, São Paulo, Brazil
2. Biological Sciences undergraduate course, Instituto de Biociências, IB/USP, São Paulo, Brazil
3. Escola de Artes, Ciências e Humanidades, EACH/USP, São Paulo, Brazil
4. Instituto de Ciências Biomédicas, ICB/USP, São Paulo, Brazil

Mobile genetic elements (MGEs), such as viruses and transposons, can integrate into the
genomes of prokaryotic and eukaryotic hosts. The process involves several mechanisms
that generate direct and/or inverted terminal repeats flanking the element. The precise
identification of host-element boundaries may help to illuminate the possible insertion
mechanisms. This work aimed to develop bioinformatics tools to identify inserted elements,
terminal repeat signatures, and sequence patterns associated with the MGEs. We used two
study models, the first consisting of Microviridae, a family of phages with icosahedral capsids
and single-stranded DNA genomes that infect bacterial hosts [Roux et al. 2012]; and the
second comprising casposons, self-synthesizing transposable elements found in Bacteria
and Archaea [Krupovic et al. 2014].

We have previously constructed profile HMMs directed towards multiple sequence
alignments of VP1, VP2 and VP4 proteins for Microviridae phages, and Cas1 and PolB for
casposons, using TABAJARA program [Gruber et al. 2023]. The models were employed to
perform a large scale survey of MGEs using e-Finder, a tool for the detection of multigene
elements in syntenic context [Oliveira and Gruber 2021], against the PATRIC database, a
collection of over 600,000 bacterial and archaeal genomes.

We present the development of two Python programs that employ complementary
approaches to identifying prophage insertion sites. Insertion_finder compares
prophages flanked by the host 5’ and 3’ sequences against homologous genomic
sequences, presenting or not the corresponding elements. Based on similarity search
results, the program determines the 5’ and 3’ boundaries and generates feature table
annotation files compatible with graphical annotation tools like Artemis. The second
program, Select_repeats, executes the find-repeat tool from the UGENE package to
locate pairs of direct and/or inverted repeats. It then selects the most promising candidates
according to defined criteria and generates a feature table annotation output. Using a previously
characterized dataset of 400 Microviridae prophages, we combined these programs with manual
curation, to accurately identify prophage-host boundaries in 140 instances. A similar approach was
successfully applied to detect the boundaries of casposon elements. Finally, these results were
manually curated and used as training sets for developing machine learning methods capable of
detecting Microviridae and casposons.

For the machine learning model, we used 10-fold cross-validation to select both the algorithm and its
parameters. We selected the Random Forest algorithm from the Python sklearn library, using its
default parameters. As features, we extracted n-grams of characters (with n ranging from 1 to 3) from



the nucleotide sequences. The KBest algorithm was then applied to select the 500 most important
features.

For the performance evaluation, the training set consisted of 80% of the positive sequences
(Microviridae or casposons), and for each positive sequence, 100 sequences of the same length were
randomly extracted from different genomes to form the negative set. The test set comprised the
remaining 20% of the positive sequences, and for each positive sequence, 500 sequences of the
same length were randomly extracted from different bacterial genomes as negatives.

The results for Microviridae showed 100% precision and recall for the positive class, and 100%
precision with 67% recall for the negative class, leading to a macro F1 score of 0.83. In the case of
casposons, we achieved over 99% precision and recall for the negative class, and 72% precision with
87% recall for the positive class, resulting in a macro F1 score of 0.93.

The comparison between host sequences containing or not the element, together with the
identification of terminal repeats in a proper syntenic context, allowed us to successfully identify most
Microviridae prophages and the respective host-element boundaries. In the case of casposons, we
observed a much lower occurrence of host genomes lacking the respective element. Also, a much
lower sequence conservation across repeats was found. Both results suggest that these elements
have been inserted in ancient times and may have lost the ability to excise themselves from the
respective host genomes.
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Plant growth-promoting rhizobacteria (PGPR) are beneficial bacteria that colonize the roots or 

nearby soil areas. They promote plant growth by assisting in nutrient assimilation and 

modulating signaling pathways. Typically, PGPR are selected through laboratory tests, which 

include cultivation and/or direct inoculation into the plant. Although screening techniques are 

efficient, they are limited by experimental design, space, and the number of isolates. With 

advances in genomics, new approaches for selecting PGPR have become possible, such as 

reverse ecology, which combines genomic analyses and metabolic network modeling to infer 

ecological interactions between organisms within their communities. 

Five and four bacterial isolates belong to the collection of the Microbial Eco-Evolutionary 

Genomics Group (GGEM), located at the Institute of Biotechnology Applied to Agriculture at 

the Federal University of Viçosa (Bioagro/UFV). These isolates were previously classified by 

genus based on 16S rRNA sequencing. Protein-coding genes associated with KEGG 

orthology (KOs) were retrieved from all species of the genera present in the collection through 

the JGI Integrated Microbial Genomes and Microbiomes database. Additionally, genomic 

annotation profiles and FASTA protein files were obtained from the National Center for 

Biotechnology Information (NCBI) and analyzed using KofamKoala, with an e-value set to 

0.0001. KO data were then employed in RevEcoR to obtain edge lists, which were 

subsequently used by the NetCooperate module to infer ecological interactions between the 

bacterial isolates and Zea mays. Bacterial genera with biosynthetic support indices between 

0.5 and 1, with values close to Azospirillum brasilense (0.555455), were analyzed. 

Biosynthetic gene clusters (BGCs) were identified using antiSMASH. Protein sequences will 

be used to predict crop growth-promoting features through the PGPg_finder pipeline. The 

identified compounds and their metabolic functions will be recorded using the KEGG 

Compound databases. Differences in metabolic complementarity indices were not significant, 

but biosynthetic support and competition indices were considered. The genus Klebsiella 

scored the highest (0.618084), followed by A. brasilense, Duganella, and Kosakonia 

(0.545432), among others. The genus Rugosimonospora (0.206612), on the other hand, 

obtained the lowest score. 492 seeds from twelve selected genera were annotated; of these, 

74 corresponded to compounds related to plant growth-promoting mechanisms. Among these, 

the observation of indole-3-acetic acid, organic acids, and siderophores stood out. Genes for 

seven different mechanisms, both direct and indirect, of plant growth promotion were 

identified, along with biosynthetic gene clusters to produce exopolysaccharides. Future 

perspectives should consider conducting in vivo tests to validate the effects of reverse 

ecology-selected rhizobacteria on plants. However, this study aims to explore new approaches 



 
for the selection of plant growth-promoting rhizobacteria (PGPR), promoting the integration of 

genomics into agricultural techniques. 
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Nucleic acid medicines are a new class of drugs that contain RNase H-dependent antisense 
oligonucleotides (gapmer ASOs) that bind to target RNA to recruit RNase H for the RNA 
cleavage and regulate the expression of disease-associated proteins. Since gapmer ASOs, 
which consist only of natural nucleotides, have low stability in the human body, the introduction 
of artificial nucleic acids into them accelerates their therapeutic efficacy. In particular, amido- 
bridged nucleic acid (AmNA), an artificial nucleic acid with a bridge in the sugar ring to fix the 
three-dimensional conformation of the ring that stabilizes the duplex, has the potential to 
confer high affinity and stability through nuclease resistance. It also reduces the hepatotoxicity 
that is seen in other bridged-type artificial nucleic acids. 
Melting temperature (Tm), defined as the temperature at which equal populations of the double-
stranded oligonucleotides and monomer exist, is commonly used as an activity reference in 
the discovery research because higher Tm values indicate a stronger binding affinity of the 
ASO to its target RNA. As there were no prediction systems for oligonucleotides including 
AmNA, a Tm prediction model for them was newly developed. We chose a machine learning 
method, lightGBM, to build the prediction model, where the features were defined as the 
number of neighboring nucleotide pairs and guanine or cytosine nucleobases extracted from 
the gamper ASO sequence. In this study, we prepared the Tm values of 157 oligonucleotides 
by using differential scanning calorimetry (DSC) which allows the study of molecular 
denaturation or unfolding by heating a solution containing the molecule, and developed a 
highly accurate Tm prediction model. In the performance test performed 10 times, the average 
of mean squared error (MSE) was 15.1 and the coefficient of determination (R2) was 0.840. A 
Tm prediction web service was created and is now used for drug discovery projects in our 
laboratory. 
In addition, molecular dynamics (MD) simulations were performed to clarify how mutations to 
AmNA increase Tm. Three gamper ASOs with the identical GC ratios, similar Tm values and 
varied AmNA substitution patterns were selected. All-DNA oligonucleotides with identical 
sequences to these three ASOs were also prepared for comparison. The simulation started at 
300 K and the system was heated to 500 K to accelerate duplex collapse. The MD trajectories 
show that the duplex dissociation pattern depends on the sequence and the position at which 
AmNA is introduced. DSC detects not only the Tm value but also the enthalpy change (ΔH) of 
a thermal transition. Although they are relatively correlated, the three oligomers have different 
ΔH values. To understand this, water molecule motions were analyzed from MD trajectories 
and the detailed results will be explained. 



 
Keywords: Tm value prediction, machine learning, molecular dynamics (MD), amido-bridged 
nucleic acid (AmNA), RNase H-dependent antisense oligonucleotide (gapmer ASO) 
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The Cuatro Ciénegas Basin, Mexico, in the Chihuahuan Desert is a xerophytic ecosystem with a unique 
mosaic of springs, streams, and pools—remnants of ancient marine environments—that host diverse endemic 
species (Souza et al., 2006; Alcaraz et al, 2008). Unlike clinical settings dominated by pathogenic antibiotic-re-
sistant microbes, this environment offers a window into pre-antibiotic-era resistance mechanisms, including those 
in non-pathogenic bacteria. 

These aquatic systems support diverse microbial communities that engage in intense competition for nu-
trients in oligotrophic conditions (Elser et al., 2006; Escalante et al., 2008; Pajarez et al. 2015). This microbial 
competition often involves the production of antibiotics by some bacteria to inhibit or kill competitors, prompting 
others to evolve defense mechanisms (Pérez Gutiérrez et al. 2013; Zapien et al 2015). To explore these natural 
bacterial defenses, we sequenced bacterial metagenomes from microbialites and microbial mats.  

We hypothesized that understanding the evolution of antimicrobial resistance genes (ARGs) in these non-
clinical settings could offer insights into mitigating resistance in clinical environments (Von Wintersdorff et al., 2016). 
Samples from distinct layers of microbial mats and microbialites were collected, processed, and analyzed to reveal 
their taxonomic composition and functional capabilities. ARGs were identified using the Comprehensive Antibiotic 
Resistance Database (CARD), shedding light on how these genes are distributed and function within different 
environmental contexts. Since microbes in these layered ecosystems experience varying conditions—such as light 
and oxygen gradients—decoding their taxonomy and gene functions offers insights into their specific adaptations 
and interactions (Tang & Roopnarine, 2003; García-Pichel et al., 2008). 

Our analysis revealed a diversity of microbial taxa involved in key processes like nitrogen fixation, carbon 
cycling, photosynthesis, and organic matter degradation. At the genus level, we identified bacteria with specialized 
roles, including those adapted to the mineralized environments of microbialites and those participating in sulfur 
cycling). These findings highlight the intricate networks within these communities and help us understand how 
natural antibiotic resistance has evolved in response to environmental pressures rather than clinical antibiotic use.  
We identified various ARGs, including those involved in efflux pumps, target modification, and antibiotic degrada-
tion, reflecting different strategies to counteract antimicrobial threats. While microbialites and microbial mats shared 
several ARGs, each also contained unique gene families. Principal Component Analysis (PCA) showed distinct 
ARG profiles between the layers of microbialites and mats, consistent with their taxonomic differences. Genes 
linked to efflux pumps were widespread, indicating an evolutionary response to the presence of toxic compounds. 
Other resistance mechanisms, such as glycopeptide resistance and ribosomal RNA methylation, suggest strate-
gies for maintaining cellular integrity under stress. 

Our data also uncovered viral sequences, including giant Pandoravirus and phages like Kayvirus, under-
scoring the interkingdom interactions within these communities. These viruses play a role in shaping microbial 
dynamics, influencing gene transfer, and regulating microbial populations in these ancient ecosystems (Cisneros-
Martínez et al., 2023). 

Additionally, the presence of Sorangium cellulosum, a bacterium known for producing bioactive com-
pounds, suggests significant potential for bioprospecting in Cuatro Ciénegas to discover new antibiotics. S. cellu-
losum has been extensively studied for its secondary metabolites, highlighting its promise for developing new an-
timicrobial agents (Gao et al. 2023). 

These findings enhance our understanding of microbial evolution and the natural development of re-
sistance mechanisms, providing a valuable foundation for strategies to combat antibiotic resistance in modern 
clinical settings. 
 
Keywords: Ancient Ecosystems, Antimicrobial Resistance, Genomics, Microbial Mats, Microbialites. 
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Beyond mutations: Human Cytomegalovirus as a driver of heterogeneity in
Glioblastoma.
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Glioblastoma (GB) is one of the most aggressive tumors of the central nervous system,
making up the so-called gliomas. GB is highly plastic and heterogeneous, providing mutant
clones capable of resisting conventional treatments. At the same time, the human
cytomegalovirus (HCMV), which is present in between 40% and 90% of the world's
population, has been considered an oncovirus capable of crossing the blood-brain barrier. In
addition, HCMV has the ability to induce severe mutations by deactivating apoptosis and
increasing cell proliferation. In this sense, the relationship between HCMV targets and cell
deregulation potentially correlated with GB initiation or progression was evaluated. Thus, we
aimed to analyze the relationship between viruses and their influence on promoting or
complementing the generation of heterogeneity in GB. To this end, holistic computational
analyses were carried out with manual curation, using a bibliographic search in PUBMED,
with the following complementary strategies: “Heterogeneity” AND “Glioblastoma” AND
“Cytomegalovirus” & ("Glioblastoma" OR "Glioma") AND ("Histones" OR "Epigenetic" OR
"Mutation") AND "HCMV", with the descriptors present in the title or abstract; and then the
construction of the protein interaction network (PPIN) was carried out, using the protocol
established in Casotti et al. (2022). The functional results were obtained using a pathway
enrichment strategy, highlighting relationships with “Regulation of immune system process”,
“Protein binding”, “External side of plasma membrane”, “Cytokine-cytokine receptor
interaction” and “Immune System and Allograft rejection” (with FDR, for Biological process,
Molecular function, Cellular component, KEGG, Reactome and WikiPathways respectively),
for the first search strategy, in order to PPIN. In addition, the second strategy applied
obtained relationships with “Chromatin organization”, “Structural constituent of chromatin”,
“Chromosome”, “Alcoholism”, “Chromatin modifying enzymes” and “Histone modifications”,
obtaining significant FDRs. Through these results, these findings corroborate the
characteristic functional aspect of HCMV, being a virus associated with alterations in gene
expression linked to pluripotency, maintenance of tumor stem cells and loss of apoptotic
function. Together, these actions contribute to phenotypic diversification in tumors, promotion
of an immunosuppressive environment and gene mutations linked to morphonuclear
changes, given their genetic and epigenetic modulation. This study aims to deepen the
relationships present between the virus and its influence on histones from the previous work.
In short, new molecular targets can be highlighted as protagonists of a complex mechanistic
process associated with the somewhat less elusive mechanism of action of HCMV on tumor
heterogeneity in GB. However, more studies are needed to provide better molecular and
cellular clarification. To this end, future in vitro and in vivo studies could make use of these
preliminary in silico findings to provide further evidence of this onco-viral relationship.



Keywords: Glioblastoma, Cytomegalovirus, Heterogeneity, Computational Biology, System
Biology.
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Mental disorders represent significant challenges for clinical diagnosis due to the 
extensive symptom overlap among disorders cataloged in the Diagnostic and Statistical 
Manual of Mental Disorders (DSM-5). The difficulties permeating the accurate identification of 
each disorder is aggravated by the similarity of symptoms across different conditions, often 
resulting in imprecise diagnoses. In this context, Network Science emerges as a promising 
approach for clinical psychology, offering tools for modeling complex interactions and 
promoting a more comprehensive understanding of symptom interrelations. 

This study proposes a network-based approach to characterize psychiatric disorders 
as described in the DSM-5, utilizing a combination of network analysis, dynamic 
questionnaires, and clinical data. The literature indicates that disorders grouped within the 
same DSM-5 chapter exhibit significant genetic overlap, suggesting that they share not only 
clinical characteristics but also proximity within a network of biological interactions. Thus, 
network methodology arises as a valuable tool for exploring both symptom connectivity and 
underlying biological aspects. 

The present work is organized around three main objectives: (i) the construction of 
symptom networks to characterize primary and secondary symptoms of disorders cataloged 
in the DSM-5; (ii) the detailed characterization of the main symptoms within each chapter and 
disorder; and (iii) the development of a dynamic, network-based inventory to facilitate 
personalized and rapid diagnostics. 

To achieve the mapping of symptoms, psychiatric disorders are manually described 
based on the DSM-5, categorizing symptoms into specific networks. The properties of these 
networks will be analyzed to identify “bridge symptoms” — symptoms that link different 
disorders and aid in understanding comorbidities. Psychometric models are also applied to 
estimate symptom interactions, although questions remain about diagnostic accuracy and the 
resulting network structure of these models. Preliminary studies indicate that symptom 
networks assist in identifying key symptoms, such as in disorders like Post-Traumatic Stress 
Disorder (PTSD). 

Additionally, the development of dynamic questionnaires aims to reduce the time 
required for diagnosis and the number of questions needed for precise evaluation, thereby 
making the diagnostic process more efficient and less exhaustive. By employing a network-
based methodology, this study seeks to optimize clinical diagnosis and personalize treatment, 
promoting an integrated approach that combines clinical characteristics and biological data, 
ultimately contributing to diagnostic precision and individualized treatment in mental health. 
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We present ClusterONE Web (https://paccanarolab.org/clusteroneweb/), a freely available, 

user-friendly web-based tool to identify, visualize, and analyze protein complexes. 

ClusterONE Web is based on the well-known ClusterONE algorithm, that was developed for 

detecting potentially overlapping protein complexes from protein-protein interaction (PPI) 

data [1]. Since its publication, ClusterONE has remained a powerful state-of-the-art method 

for clustering large-scale weighted and unweighted networks, allowing nodes to potentially 

belong to more than one cluster. We created an intuitive web interface that simplifies 

ClusterONE interaction and execution, making it accessible to a wider range of users. 

ClusterONE Web includes pre-loaded PPI networks from several biological databases: 

BIOGRID [2], INTACT [3], MINT [4], and DIP [5], making it easier for users to explore protein 

complexes across different organisms. It enables users to: visually explore the complexes 

identified by ClusterONE within the PPI network; navigate through overlapping complexes 

detected in the PPI network; and conduct an enrichment analysis of these complexes, 

offering functional insights based on Gene Ontology (GO) terms [6]. Proteins and GO terms 

are linked to their entries in UniProt [7] and EMBL-EBI QuickGO [8], providing a starting 

point for in-depth analysis and further understanding of the biological roles of the identified 

complexes. Additionally, ClusterONE Web offers the users the option to upload their own 

PPI data and GO annotation files, allowing for more tailored experiments and analysis. By 

combining the clustering capabilities of ClusterONE with functional enrichment, our web-

based tool can provide additional insights into the organization and functionality of PPI 

networks and facilitate hypothesis generation. This accessible platform expands the utility of 

ClusterONE, making it more efficient and user-friendly for the broader scientific community. 
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The genus Paenibacillus encompasses widely distributed Gram-positive bacteria found in

various ecological niches, including soil and rhizosphere. This broad distribution suggests

that these bacteria possess diverse biological characteristics, reflecting a significant capacity

for adaptation to different environments. This ecological variability may be related to the

presence of Mobile Genetic Elements (MGEs), which facilitate the acquisition of new genes

and enhance adaptability to various environmental conditions. In this study, we investigated

the presence of MGEs, including integrative and conjugative elements (ICEs), mobilizable

elements (IMEs), and plasmids, in 99 complete genomes of Paenibacillus. Additionally, we

aimed to identify and characterize the accessory genes present in these elements through a

set of comparative genomic analyses. To achieve this, we downloaded nucleotide

sequences and protein files in FASTA format of complete genomes from RefSeq at the

National Center for Biotechnology Information (NCBI) and used Geneious Prime as a viewer

for these sequences. The detection of ICEs and IMEs was performed using ICEscreen

v1.3.2, while transposons were identified through the databases TnCentral, Integrall, and

ISFinder. Furthermore, we used previously identified and annotated plasmid sequences from

NCBI for subsequent analyses. After identifying the elements, we utilized antiSMASH 6.0 to

detect biosynthetic gene clusters of secondary metabolites and the PGPT-Pred module of

PLaBAse to annotate genes related to plant growth promotion. A total of 81 MGEs were

found, including 9 complete ICEs, 7 partial ICEs, 2 IMEs, 35 plasmids, 12 transposons, and

16 degenerated elements. The size of the elements varied from 834 bp to 213,282 bp and

the GC content ranged from 36.0% to 54.4% in ICEs and IMEs; from 1,459 bp to 162,922 bp

with GC content of 35.8% to 53.8% in transposons; and from 973 bp to 2,697,188 bp, with

GC content of 37.1% to 52.0% in plasmids. The highest number of MGEs was found in

genomes from soil samples (33). Genes related to plant growth promotion were more

frequent in strains isolated from soil samples (43). Additionally, genes related to nitrogen

fixation (nif), nodulation (nod), and phosphate solubilization (pho) had a higher number of

copies in genetic elements from soil, particularly in plasmids, which had up to 20 copies of



these genes. In contrast, transposons and IMEs did not contain genes related to plant

growth promotion. Moreover, plasmids had more regions with high identity to biosynthetic

clusters of secondary metabolites (15) than other elements. These clusters are primarily

associated with the production of antimicrobials, such as paenilipoheptin, as well as

siderophores, which are essential for iron uptake in the environment. The predominance of

MGEs in genomes from soil-isolated lineages may reflect the high abundance of these

lineages in that environment. These findings are essential for understanding how MGEs

facilitate the adaptation of the Paenibacillus genus, highlighting their potential for

applications in agriculture.
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Bioeconomy is an emerging field that seeks to integrate the principles of biology and 

economics to promote sustainable development by using biological resources efficiently and 

responsibly. In the context of Brazilian biodiversity, Euterpe edulis, known as Juçara, plays an 

important role. This species is endemic to the Atlantic Forest and has gained attention for its 

nutritional characteristics and bioeconomic importance. The bioeconomy related to Euterpe 

edulis ranges from biodiversity conservation and sustainable management of its resources to 

the commercial exploitation of its products. This palm tree shows high genetic diversity among 

its populations and individuals with relevant phenotypic differences. In this context, obtaining 

a transcriptome for this species is essential to facilitate research on the different phenotypes 

it presents. Here, we present the first draft transcriptome of Euterpe edulis, derived from leaf 

and root tissues of two different phenotypes, using the Illumina Novaseq 6000 platform. Using 

normalized cDNA libraries, we generated comprehensive RNA-Seq datasets, resulting in a 

total of 1,334,593 contigs with an average length of 585 bp and an N50 value of 974 bp, 

through de novo transcriptome assembly. These unigenes were functionally annotated using 

the Basic Local Alignment Search Tool (BLAST) to query the Universal Protein Resource 

Knowledgebase (UniProtKB). A workflow covering RNA extraction, library preparation, 

transcriptome assembly, redundancy reduction, assembly validation, and annotation is 

provided. This study offers transcriptome and annotation data for Euterpe edulis, which are 

useful for gene discovery experiments, gene expression profiling, as well as for current and 

future applications in genome annotation and marker development. 
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The heterogeneity of the causes of breast cancer and the complex genetic interactions that
characterize this neoplasm present significant challenges for understanding and treating the
disease [Polyak 2011]. This study addresses the gap in understanding the conditional
independence relationships among genes in breast cancer. Discovering networks of
independent genes in genomic datasets is not a trivial task, since each patient is
represented by a high-dimensional vector (p), and the number of patients (n) is small, i.e., n
≪ p. When the number of variables (p) is greater than or close to the number of samples (n),
the empirical covariance matrix Σ becomes singular or non-invertible, making it impossible to
estimate the precision matrix Ω. This occurs because Σ is constructed from the available
samples, and if the number of samples is not sufficiently large relative to the dimensionality
of the data, there is not enough variation to adequately estimate the covariance between the
variables [Lauritzen 1996, Liang and Jia 2023]. As a result, the matrix exhibits degeneracy
issues, meaning that it is not possible to compute its inverse. To overcome this challenge,
we propose the use of the Fast Step Graph (FSG) algorithm, an optimized version of
StepGraph published on R-Cran, that executes in a fraction of the time compared to the
original version [Zamar et al. 2021]. In this study, we used FSG to efficiently estimate the
matrix Ω in proteogenomic samples from the Clinical Proteomic Tumor Analysis Consortium
(CPTAC), specifically using the gene expression dataset, which includes 122 breast cancer
patients and 23,691 gene expressions. In this dataset, the variables were standardized to
zero mean and unit standard deviation. The CPTAC includes a pre-selected version with the
50 most significant genes called PAM50 [Parker et al. 2009, Liu et al. 2016, Okimoto et al.
2024], which we will use with the ultimate goal of discovering networks of relationships
among these important genes. As part of our methodology, we proposed to stratify the
original database according to the presence of estrogen and/or progesterone receptors,
crucial elements for prognosis and personalized therapy. In this way, patients who share the
same values for these markers were grouped together, resulting in four new databases
where the n to p ratio becomes critical. To identify the best hyperparameter settings for FSG,
we used the cross-validation method in the CV algorithm with 5 folds. This process allowed
us to estimate the optimal values of the hyperparameters αf and αb, which serve as
thresholds that enable the identification of independence relationships among the genes.
The experiments were repeated over 100 iterations with different random seeds to obtain the
average values with their confidence intervals. The application of the algorithm resulted in
four graphs that highlight the conditional independence relationships among the genes
involved in breast cancer (Figure 1). Our findings support the hypothesis that there are
specific gene subnetworks that interact among breast cancer genes. The results may
contribute to a deeper understanding of gene interactions in breast cancer, potentially
offering new insights for future research and new therapeutic strategies.
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We introduce Finenzyme, a Protein Language Model (PLM) that models specific Enzyme 

Commission (EC) categories by integrating transfer learning from a decoder-based 

Transformer, conditional learning using specific functional keywords, and fine-tuning.  

Using Finenzyme, we analyze how fine-tuning improves the prediction and generation of EC 

categories. Our findings reveal a two-fold reduction in perplexity for EC-specific categories 

compared to a general model, showing that fine-tuning helps capture specialized enzymatic 

functions that are not well represented in general models. We evaluated the generated 

enzymes using state-of-the-art tools such as ESMFold [1] for structure prediction and 

Foldseek [2] for structural similarity assessment. Despite low sequence identity, the 

generated proteins exhibit high structural resemblance to natural enzymes. Functional 

characterization using the CLEAN [3] tool confirms that the generated enzymes maintain the 

same EC functions as natural enzymes. Additionally, we demonstrate that the embedded 

representations of the generated enzymes closely resemble those of natural ones, making 

them suitable for downstream tasks such as enzyme classification and functional annotation. 

Clustering analysis reveals that the generated enzymes form clusters that largely overlap 

with those of natural enzymes, indicating that Finenzyme effectively captures the structural 

and functional properties of target enzymes. Finally, we showcase a practical application of 

Finenzyme in generating enzymes with specific functions using in-silico directed evolution – 

a computationally efficient fine-tuning methodology that significantly enhances and can 

assist targeted enzyme engineering tasks. 

 

Keywords: Large Language Models, Protein Language Models, Conditional Transformers, 

Enzyme design and modelling, Protein engineering 
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Exploring Genetic Determinants of Post-COVID-19 Dyspnea: An Exome
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Objective: To investigate inflammation network genes and potential genetic variants of
dyspnea progression after SARS-CoV-2 infection. Methods: 277 volunteers with different
clinical spectra of COVID-19 were recruited between 2020 and 2023. The case-control study
inclusion criteria were: 18 to 65 years, SARS-CoV-2+ confirmed and no convalescence in
the last 30 days. After consent and questionnaire application, blood samples were collected
for whole exome sequencing (CAAE: 37094020.6.0000.5060). Sixty genes of interest were
pre-select for exome analysis. Variant selection was performed through the Partial Least
Squares (PLS), which were then used as independent variables in logistic regression (LR)
models to evaluate their association with dyspnea. For each significant genetic variant (p
<0.05), odds ratio (OR) and their respective 95% confidence intervals were calculated.
Results: Participants were distributed in 171 (cases) and 106 (controls). From the case
group, 44.76% reported progression of post-COVID-19 dyspnea. Exome sequencing
provided 2038 variants, from which 30 variants were selected for LR, and 6 were significant
with OR > 1. The variants found are: rs747917576 (gene: CD8A; OR: 5.89; 95% CI: 1.29 –
36.95; p-value: 0.03), rs3800788 (gene: NOS3; OR: 2.10; 95% CI: 1.15 – 3.91; p-value:
0.02), rs148125791 (gene: PBX2; OR: 5.60; 95% CI: 1.31 – 30.83; p-value: 0.03), rs6128
(gene: SELP; OR: 2.37; 95% CI: 1.31 – 4.38; p-value: <0.01), rs3753999 (gene: TNNT2;
OR: 2.78; 95% CI: 1.30 – 6.13; <0,01) and rs1800380 (gene: VWF; OR: 2.44; 95% CI: 1.32
– 4.59; p-value: <0.01). Discussion: According to Wada et al. (2018) and Ramachadran et
al. (2021), intronic insertion variants, such as the rs747917576 variant and PBX2 variants,
may be clinically relevant due to immunological control, which favor chronic inflammation.
These two genes may be involved in the development of post-COVID-19 sequelae.
Furthermore, synonymous variants, such as rs6128 and rs1800380, may be associated with
viral resistance and cytokine release syndrome, linked to microvascular lesions and local
inflammation (Ruf et al., 2024; Wang et al., 2024). In this pathophysiology, shortness of
breath in dyspnea may be due to an imbalance in vascular tone caused by microlesions in
the endothelium. In the context of endothelial damage, vascular tone imbalance can be
responsible for shortness of breath in dyspnea. Studies by Tervi et al. (2024) and Voinescu
et al. (2024), indicate that changes in NOS3 and TNNT2 are involved in heart failure,
through vascular rigidity and heart hypertrophy lesions, respectively, generating hypoxia,
cardiac output failure and possibly dyspnea. Conclusion: This research supports the
hypothesis that genetic variants may be correlated with the progression of dyspnea.
However, large cohort studies and connection disequilibrium analysis should be included to
better predict post-COVID-19 dyspnea development.

Keywords: SARS-CoV-2; Sequelae; Inflammation; Gene; Variant
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Abstract 

Muscle pH significantly impacts pork quality and is influenced by factors 

related to its decline, glycolytic enzymes, and muscle fiber composition. Aiming 

to understand the mechanisms associated with energy metabolism and the 

conversion of muscle into meat, this study investigated the expression of genes 

involved in glycolytic metabolism and muscle regulation, as well as their 

correlation with muscle pH in different pig breeds. Twenty-four animals from 

four genetic groups were used: Piau (PP), Large White (LW), and the Piau-

Large White (PL) and Duroc-Large White (DL) crosses. pH was measured at 

three intervals (0 h, 45 min and 24 h), followed by gene expression analysis in 

the Longissimus dorsi. Gene selection was based on the Pig QTL database for 

meat and carcass traits, with an emphasis on pH. Expression analysis was 

performed via qPCR, and fold change was used to determine gene expression 

variation relative to the control (PP). Results were processed using R software 

with the DESeq2 package for normalization and statistical analysis, and 

visualized in GraphPad Prism. It was observed that higher expression of the 

genes HK2, PFKM, and AMPKs in the commercial breeds (LW and DL) is 

associated with accelerated glycolytic metabolism, resulting in a rapid pH 

decline and lower final pH values. This phenomenon can be explained by use 

of energy for muscle growth and development, resulting in increased expression 

of MHC IIB and MHC IIX. In contrast, the PL cross demonstrated an additive 

genetic effect, preserving favorable characteristics, with a more gradual pH 

decline and a more oxidative metabolism, related to higher expression of genes 

involved in lipid oxidation (PPARGC1A), as well as the presence of oxidative 

fibers (MHC I). This is reflected in better final meat quality due to higher 

intramuscular fat content. These findings suggest that variations in gene 

expression influence metabolic traits and that the incorporation of local breeds 

can modulate pH levels, optimizing the final quality of pork. 

Keywords: genomics, meat quality, metabolic stress, mRNA, skeletal muscle. 
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The Algibacter genus, member of the family Flavobacteriaceae, encompasses rod-shaped 
and Gram-negative bacteria, characterized by its facultative anaerobic metabolism, gliding 
motility, production of non-diffusible orange pigments and agarolytic activity. Most importantly, 
all representatives in the fifteen validly-accepted species in this genus have been isolated 
and/or detected from marine environments, with the first isolates recovered from green algae. 
To date, Algibacter has been mostly explored as a source of novel enzymes, especially 
carbohydrate-active ones, due to its intrinsic role in algae degradation. However, few studies 
have investigated its potential for other biotechnological uses, such as antibiotic and 
antineoplastic activities, which is counterintuitive considering that macroalgae-associated 
microorganisms have been more extensively harnessed as promising producers of 
antimicrobial and cytotoxic substances. In the last decade, genome mining has emerged as a 
valuable approach to the discovery of novel drugs with wide-ranging therapeutic applications 
against infectious and chronic diseases. In this framework, this study aimed to apply genome 
mining to assess the genetic repertoire associated with the production of bioactive metabolites 
in currently-available Algibacter genomes. First, a total of 68 genome sequences (.fasta 
assembly files) were recovered from the GenBank (NCBI) and Genome Taxonomy Database 
(GTDB). Then, they were submitted to antiSMASH 7.0 for the identification of secondary 
metabolite biosynthetic gene clusters (BGCs) and BAGEL4 for the specific detection of gene 
clusters for bacteriocins and ribosomally synthesized and post-translationally modified 
peptides (RiPPs). BGCs for fifteen different classes of secondary metabolites were predicted 
with antiSMASH 7.0, with terpene being the most abundant class, found in 60 (88.8%) 
genomes, distantly followed by non-ribosomal peptides, present in 23 (33.82%) genomes. 
Seven strains (10.3%) had no BGCs found. Following BAGEL4 analyses, sactipeptides was 
the top RiPPs class, for which gene clusters were present in 29 strains (42.64%); however, no 
results were found for 36 genomes with this genome mining tool. Both antiSMASH 7.0 and 
BAGEL4 particularly detected the same BGCs encoding for class I lanthipeptides in 
metagenome-assembled genomes (MAGs) of kelp-derived Algibacter sp. representatives and 
lassopeptides in two Algibacter mikhailovii strains, compounds for which antimicrobial activity 
against Gram-positive bacteria and cytotoxic properties have already been reported. Thus, 
our preliminary assessment reveals that this marine bacterial genus potentially represents a 
paramount reservoir of hydrocarbon- and peptide-derived natural products with antimicrobial 
and anticancer activities deserving further attention in future bioprospecting endeavours. 
 
Keywords: blue biotechnology, marine bacteria, microbial genomics, new drugs. 
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Trichoderma is a globally distributed genus of filamentous fungi. The mitochondrial genome 

of Trichoderma spp. ranges from 27 to 94 kb. The chromosome is circular (GC ~27%) and 

contains 14 conserved genes involved in respiratory metabolism. Furthermore, the presence 

of introns is ubiquitous in these genomes and directly affects genomic plasticity. Organelle 

introns are autocatalytic sequences that can be divided into two main groups: I and II. Group 

I introns are common in mitochondrial genomes, while group II introns are common 

retroelements in plastid genomes [1, 2]. Group I introns can encode homing endonucleases, 

and group II introns can encode reverse transcriptases [3]. This work aims to describe the 

group I introns found in the mitochondrial genome of T. brasiliensis, a recently characterized 

endophytic fungus from the Amazon rubber tree Hevea brasiliensis [4] and compare them with 

group I introns present in 16 mitochondrial genomes from other Trichoderma species. The 

genomic DNA of T. brasiliensis (strain T17F5R-AM) was extracted and sequenced. After 

quality analysis using FastQC software, the genome was assembled using SPAdes software 

and circularized using CLC Main Workbench software. The annotation of mitochondrial genes 

was done using MITOS2, MFAnnot, and RNAweasel (available online), configured with 

genetic code 4 (fungi, protozoa, and cnidarians). The reference genomes were obtained from 

GenBank and re-annotated to standardize the analyses. In total, 85 introns were identified in 

the 17 mitochondrial genomes analyzed. The T. brasiliensis mitogenome has 4 introns: 1 

intron from subgroup IA (2,657 bp) in the rrnL gene and 3 introns from subgroup IB (1,271, 

1,130, and 977 bp) in the cox1, cox2, and cob genes, respectively. This number is below the 

average observed in the mitogenomes of other Trichoderma species. In T. brasiliensis, the 

largest intron (subgroup IA/rrnL gene) is 303 bp shorter than the largest intron, which was 

observed in T. cornu-damae KA19-0412C (subgroup IB/cob gene) of 2,960 bp. In contrast, 

the smallest intron of T. brasiliensis (subgroup IB/cob gene) is 3 times larger than the smallest 

intron (274 bp), which was observed in T. koningiopsis POS7 (subgroup IB/cox3 gene). Forty-

three introns carry homing endonuclease sequences (LAGLIDADG and GIY-YIG), 3 of which 

are in T. brasiliensis. In T. brasiliensis, introns represent 17.45% of the genome size, but this 

value can reach 40% in T. cornu-damae KA19-0412C, for example. The results show that in 

Trichoderma, the size of mitochondrial genomes is closely related to the presence of group I 

introns. Although they are not essential to the functioning of mitochondria, introns can 

participate in both the regulation of gene expression and the horizontal acquisition of new 

genes, which may ultimately represent an evolutionary advantage to the host. 
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[Purpose]  

This study aimed to establish a proof of concept (POC) for developing the computed 

tomography (CT) image feature-assisted gene expression predicting. 

 

[Materials and Methods]  

We collected 100 CT images of the patients with COVID-19 and lung cancer from the cancer 

image archive [1, 2]. Homology-based features are b0, b1, and b1/b0, indicating the number 

of isolated components (black pixels), holes (white pixels), and the ratio of the holes-isolated 

components in a binary image. These features represent the connectivity among objects in 

the image. This estimation was performed by changing the threshold value applied to the 

image binarization using the homology-profile method (HP) [3]. The calculation region of 

interest was set to 32×32 matrix and shifted by 8 pixels on the CT image of the 512×512 

matrix. The correspondence region in the resulting image assigned the maximum value of 

each HP as a homology-based feature (HF) map. In this study, the effectiveness of the HF 

map in capturing the promising feature of fibrosis was evaluated by comparing the cases of 

COVID-19 and lung cancer. 

 

[Results]  

The b1 HF map showed the largest visual association with the fibrosis lesions, with the HF 

value of fibrosis lesions enhanced as higher than that of the lung field of a lung cancer 

patient. Here, the b1 HF value on the fibrosis lesion indicated more than 1500 in the lung 

field, although the value showed a lower value than 500 in the case of lung cancer. 

 

[Conclusion]  

We validated the effectiveness of the homology-based feature in the CT image to capture 

the promising feature as a POC for the CT image feature-assisted gene expression 

prediction. This study demonstrated that the HF value can quantitatively indicate the fibrosis. 

We expect that the HF value may be promising in predicting gene expression prediction. 
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Introduction: Epitopes or antigenic determinants are parts of a pathogen or a foreign
protein to the organism that can be recognized by B or T cells, playing a crucial role in the
immune response [Abbas et al. 2021]. In silico approaches to predict epitopes using
machine learning can help peptide-based vaccine research, as it allows the development of
strategies that specifically target these entities – boosting the effectiveness of immune
interventions [Bravi 2024]. However, identifying relevant epitopes among the predicted ones
is still a challenge due to the need to consider biochemical characteristics. Improving this
approach could be strategic for the study of Neglected Tropical Diseases (NTDs), such as
Chagas disease (American trypanosomiasis), caused by Trypanosoma cruzi, which affects
approximately 30,000 people annually in Brazil and is responsible for about 14,000 deaths
per year [Ministério da Saúde 2022]. Objective: To develop a predictive model to validate
predicted linear B-cell epitopes in organisms of the genus Trypanosoma using biochemical
features. Methodology: The adopted methodology included creating a dataset using data
collected from the IEDB [Vita et al. 2018] and UniProtKB [Magrane and Consortium 2011]
databases. Initially, epitopes of Trypanosoma genus from the IEDB were selected, serving as
a reference due to their validation in previous studies. Then, synthetic peptides were
generated from data available in UniProtKB, complementing the database. Data
preprocessing involved filtering only linear epitopes from IEDB and integrating valid and
synthetic epitopes, incorporating scores and biochemical features obtained using the
BepiPred-3.0 [Clifford et al. 2022] and EpiBuilder-1.0 [Moreira et al. 2022] tools. After
preparing the dataset, experiments were conducted using the Orange Data Mining [Demsar
et al. 2013] tool, where different machine learning algorithms were tested. The Decision Tree
algorithm was selected as the most effective for the task. Results: The obtained results
showed that the predictive model achieved an accuracy of 0.933, with an F1-Score also of
0.933, indicating a high ratio of true positives relative to the total predicted positives. The
analysis of feature importance revealed that the Emini [Emini et al. 1985] feature was the
most relevant, contributing 68.79% to the model's decisions. Conclusion: The model
effectively validated the predicted epitopes, suggesting a contribution to in silico validation of
epitopes. The developed approach has the potential to assist in studies involving new
treatments for Trypanosoma-caused diseases, but could be adapted and generalized to
other pathogens.

Keywords: Immunoinformatics, Machine learning; Decision tree; Linear epitopes;
Trypanosoma.
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Coffea canephora is produced in almost all of Espírito Santo state in Brazil and corresponds 
to 70% of the country's production. Since 2014, great damage to coffee plantations has been 
recorded by the “coffee tree branch canker”. The pathosystem of this disease is complex 
and the conclusion of what is the causal agent of the disease has not yet been reached, with 
previous research indicating Fusarium spp. as the etiologic cause. To elucidate the plant-
pathogen interaction of this system, genotypes of conilon coffee plants in the state of 
Espírito Santo were evaluated by metabarcoding with primers for ITS region (ITS1F-ITS2). 
The Sequencing was performed in lllumina NovaSeq 6000 using DNA from pooled leaves 
and stem of 5 plants as replicates, 10 cm up/down the damaged tissue, of the clones: 
Susceptible: K61 and MP3 (asymptomatic and symptomatic samples) and Resistant A1 and 
P2 (Asymptomatic). The sequences were processed with softwares Cutadapt 4.6, 
Trimmomatic 0.39, BBMap 38.32 and Qime2 2024.2, with ITSxpress and Jupyterlab for 
bioinformatics analyses. The BBSplit tool of BBMap suite was used to decontamination and 
the C. canephora assembly NC_030053.1 was used to mapping sequences on chloroplast 
and nuclear genome. The 59 samples have 0.1 million sequences in average, with mean 
read length of 218 bases. After quality control, 99,8% of the reads lasted (total of 18,6 million 
reads). The rarefaction analyses showed sufficient sequencing coverage to represent fungal 
diversity, with at least 70.000 reads per samples. The reads classification was performed on 
qiime2 using Unite10 database, for singletons clustered sequences at minimum of 99% 
identity. The Differential abundance tested with ANCOM-BC analysis on level 7 (species 
classification) showed enrichment of the fungal plant pathogen Albonectria rigidiuscula in 
stem tissue of symptomatic plants of the two genotypes tested (K61 and MP3) compared to 
asymptomatic plants of the same genotype and to the resistant genotypes P2 and A1. No 
fungal species were detected as differential in leaves of symptomatic plants, compared to 
asymptomatic or resistant genotypes. The anamorph of A. rigidiuscula, the fungus Fusarium 
decemcellulare, is associated with inflorescence wilt and vascular necrosis in fruit tree crops 
such as Mango, Longan and Rambutan. These results highlight Fusarium decemcellulare as 
the potential causal agent of coffee tree branch canker, open venues to phytopathology trials 
for disease control strategies. Next steps are the analyses of 16S rRNA e 18S rRNA 
metataxonomy to evaluate if there are potential Bacteria or Protozoa related to the disease. 
 
Keywords: microbial ecology, metabarcoding, phytopatology, ecogenomics. 
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The Brazilian flora is considered one of the richest and most diverse in the world. According
to the Flora and Fungi of Brazil project, a total of 52,772 species were recorded as of
October 2024, including native, naturalized, or cultivated species. The Amazon stands out as
the Brazilian region richest in biological diversity. Its flora is composed of species that
represent a vast source of bioactives with biotechnological potential, arousing the interest of
industries such as pharmaceuticals, cosmetics, and food. However, there is no database that
centralizes information on the Amazon flora that includes species, biomolecules, and digital
structures, regardless of file formats, structural level, or visualization format, as these are
dispersed across different databases. This fragmentation limits the potential for compound
prospecting, as researchers need to consult multiple sources to obtain information, which not
only wastes a lot of time in this activity, but also results in greater financial and natural
resource expenditure by performing bioprospecting experimentally. Thus, the creation of a
centralized database allows researchers to quickly access complete data, contributing to
reducing the time and costs involved in the research process. Thus, the objective of this
study is to present the development of "Molecules of the Amazon", an online repository that
centralizes data on Amazonian flora species and their biomolecules. To this end, it was
necessary to develop a web scraping algorithm that was capable of collecting and classifying
data from a set of databases for feeding or repository: GBIF, for collecting data on species,
NuBBEDB, NCBI and ChEMBL, for collecting molecular, chemical, bibliographic and patent
data. As preliminary results, Molecules of the Amazon has already integrated data on
Amazonian flora species and biomolecules, crossing taxonomic and geographic data of
Amazonian species with molecular, chemical data, and bibliographic and patent information
on their biomolecules. Its main distinguishing feature is its ability to provide data on the
geographic distribution of species and associated biomolecules. The repository offers filters
that allow you to locate molecules using their common name, IUPAC, Inchikey, molecular
formula or physical-chemical characteristics. In addition, it is possible to refine searches by
species, with filters for taxonomy, life form, origin and geographic location, or refine by
bibliographic or patent reference data. When searching, the information is presented clearly
and concisely through intuitive layouts. When selecting the molecule of interest, the user is
directed to a page with more detailed data. In addition, search data is stored in the search
history. Thus, by centralizing previously dispersed data, Molecules of the Amazon results in
a robust platform that can directly impact the advancement of bioinformatics applied to
biodiversity and biotechnology, and can not only facilitate scientific research, but also assist
in the discovery of new biotechnological applications.
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Obesity is a disease with rising global prevalence and is linked to various health-related
conditions including, metabolic syndrome and type 2 diabetes. Recent studies suggest that
acerola byproducts, particularly seed extract, exhibit potential anti-diabetic properties. Brazil
is the largest producer of acerola and disposes tons of byproducts from its juice industry.
This work aimed to identify phytochemicals present in acerola seed extract (AS) that could
contribute to managing obesity and its related conditions using network pharmacology.
Chemical characterization of AS was performed through liquid chromatography-mass
spectrometry (UHPLC-ESI-Q-TOF-MS/MS). Oral bioavailability, drug-likeness (Lipinski’s
Rule of Five), gastrointestinal absorption, Caco-2 permeability, and blood-brain barrier (BBB)
penetration were evaluated using the SwissADMET Program. Obesity-related targets were
obtained from the GeneCards database, while targets related to AS extract were sourced
from SuperPred. Protein-protein interaction (PPI) analysis was conducted using the STRING
platform and visualized with Cytoscape software. Additionally, GO and KEGG enrichment
analyses were performed to elucidate the molecular mechanisms of AS's core genes.
Forty-eight molecules were identified in AS, and thirty-six showed drug-likeness and
gastrointestinal absorption potential. The active ingredient-target network revealed 171
nodes and 1106 interactions. Key targets in the PPI network included SRC, EGFR, ESR1,
NFKB1, PTGS2, MMP9, TLR4, PPARA, STAT1, and MAPK1. KEGG pathway analysis
indicated that AS action on obesity involves primarily key signaling pathways related to
inflammation and insulin resistance, namely PI3K-Akt, HIF-1, mTOR, FoxO, Toll-like
receptor, NF-kappa B, and calcium signaling pathways. Then, it was found that the AS is
associated mainly with cell proliferation, responses to external stimuli, and regulation of
oxidative stress. About cellular components, membrane microdomains like rafts and
caveolae were identified as crucial elements in the aggregation of signaling proteins,
facilitating inflammatory responses and metabolic regulation. Obesity and insulin resistance
are linked to low-grade chronic inflammation. Proteins such as NFK-B, PTGS2, and TLR4
play in the inflammatory response, while ESR1, EGFR, and SRC are involved in oxidative
stress and inflammation modulation. Membrane components like rafts and caveolae provide
essential platforms for aggregation signaling proteins such as SRC, EGFR, and TLR4, thus
facilitating responses to external stimuli and metabolic regulation. In conclusion, acerola
seed extract can manage obesity by modulating chronic inflammatory processes and
oxidative stress. Network pharmacology revealed the multi-target action of these
compounds, suggesting a comprehensive mechanism for obesity treatment.
Keywords: Inflammation; Oxidative stress; Insulin resistance; Phytochemicals; Signaling
pathways
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Nuclear segmentation is a fundamental step in cancer diagnostics and classification as it directly impacts the
precision of morphological analysis, thereby improving diagnostic accuracy, objectivity, and reproducibility.
This study presents a comparison between two CNN architectures, U-Net and a modified DeepLab V3+—for
segmenting nuclei in microscopic images from the 2018 Data Science Bowl dataset, encompassing both
brightfield and fluorescence microscopy. The study (source code:
https://github.com/FelipePassarela/cancer-cell-segmentation) was conducted in the PyTorch library using an
NVIDIA RTX 4060 Ti GPU (8GB VRAM) and 16GB of RAM. The hyperparameters included 50 training
epochs, a learning rate of 3x10^-4, a batch size of 8, and image resizing to 256x256 pixels. A
ReduceLROnPlateau scheduler, patience set to 5, dynamically adjusted the learning rate, while the AdamW
optimizer was used with default configurations. A hybrid loss function, combining Binary Cross Entropy and
Soft Dice, balanced learning across edges and interiors of the cell nuclei. To boost training robustness, we
incorporated data augmentation (Gaussian blur, adaptive autocontrast, affine transformations) and batch
normalization followed by GELU activation in each convolutional layer. Data augmentation includes: Gaussian
blur (3x3 kernel, sigma between 0.1 and 2.0), adaptive autocontrast, and affine transformations (rotation of ±5°,
translation of ±10%, and scaling between 0.9-1.1). Validation and inference stages applied normalization and
resizing only. The DeepLab V3+ used a simplified backbone with only three convolutional layers, resulting in
3,897,249 trainable parameters, approximately 12% the size of the implemented U-Net (31,043,521 parameters).
The models were evaluated based on three metrics: Dice coefficient and Hausdorff distance. U-Net showed
slightly better performance, with Dice coefficients of 0.9187 (training), 0.9015 (validation), and 0.9131 (test).
The modified DeepLab V3+ achieved values of 0.9044 (training), 0.8839 (validation), and 0.8921 (test).
Meanwhile, the Hausdorff distances were comparable between the models: U-Net with 21.7319 (training),
19.5527 (validation), and 20.1712 (test), and DeepLab V3+ with 21.7826 (training), 19.5527 (validation), and
20.1712 (test). The high efficacy observed (approximately 90%) demonstrates the viability of CNNs in nuclear
segmentation, promoting automation and accuracy in cancer diagnosis, minimizing human intervention, and
providing traceable information. In summary, the simplified implementation of DeepLab V3+ achieved
comparable metrics to traditional U-Net, even with a significant reduction in the number of parameters. This
optimization suggests potential applications, especially due to the high demand for robust and adaptable
segmentation methods, driven by the need to analyze large volumes of data, aiming to provide significant
innovations for diagnostic and prognostic practices in Oncology, by accelerating workflows, reducing diagnostic
errors, and adapting therapies. Thus, delivering speed, precision, and safety in oncology, even with minimal
computational resources.

Keywords: Digital Pathology. Oncology. Computer-Assisted Image Processing. Convolutional Neural
Networks. Deep Learning.
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Drug-Drug Interactions (DDIs) present significant challenges in healthcare due to their 

potential to cause harmful side effects [1]. Knowledge of these complex interactions is 

limited because they are not often detected during clinical testing [2]. Here, we introduce 

DCSE (Drug Combinations Side Effects), a novel machine learning method for predicting 

side effects caused by pairs of drugs. DCSE learns signatures (latent feature vectors) which 

encode the biological interplay between drug pairs and side effects. Signatures are learned 

separately for each drug and then combined nonlinearly using a deep neural network to 

obtain the signature for the drug pair. Side effect predictions are obtained through the linear 

combination of drug pair and side effect signatures, and it can be interpreted as the 

probability of the side effect being associated with the drug pair. We first evaluated DCSE’s 

performance in the experimental settings that are most commonly adopted in the literature. 

Next, we introduced more realistic settings in which experiments were separated into two 

distinct categories: warm-start, where the drug pairs in testing are the same as in training but 

some of their side effect associations are unseen, and we aim to predict these side effects 

for the pair; and cold-start, where the pairs of drugs in testing are unseen during training, 

and we predict the potential side effect of a new combination of drugs. Finally, we performed 

a prospective evaluation where we predicted associations reported between 2009 and 2014 

that were not listed in the 2009 snapshot that we used for training. Our extensive evaluation 

shows that DCSE consistently outperforms state-of-the-art methods, both in the traditional 

settings as well as in our novel settings, demonstrating its robustness and efficacy in real-

world applications. 

 

Keywords: machine learning, deep neural networks, representation learning, polypharmacy 

side effects, drug-drug interactions 

  



 
 

References 
1. Zitnik, M., Agrawal, M., and Leskovec, J. (2018). Modeling polypharmacy side effects 

with graph convolutional networks. Bioinformatics, 34(13), i457–i466. 

doi:10.1093/bioinformatics/bty294. 

2. Bansal, M., Yang, J., Karan, C., Menden, M.P., Costello, J.C., and Tang, H. (2014). A 

community computational challenge to predict the activity of pairs of compounds. 

Nature Biotechnology, 32(12), 1213–1222. 

 



Sialic Acid Enzymes Database

Moura, T. A. F.¹, Zaramela, L. S.¹

1. Ribeirão Preto Medical School (University of São Paulo)

Sialic acids are a large family of nine-carbon carboxylated monosaccharides present in
animals' and microorganisms' membrane glycoconjugates. They are located at the
outermost end of N-linked and O-linked carbohydrate chains of membrane glycoproteins and
glycolipids, and this characteristic is reflected in their functions, as they act as ligands or
receptors for cell-cell communication and host-parasite interaction. Several commensal and
pathogenic bacteria have the ability to metabolize, synthesize, and incorporate sialic acids
through catabolism, anabolism, and assimilation pathways. Bacteria capacity to synthesize
and assimilate sialic acids enables them to evade the innate immune system from hosts
through the synthesis of sialylated capsules and sialic acid incorporation onto their
membrane glycoconjugates. Also, the ability of bacteria to catabolize sialic acids allows them
to use it as a carbon and nitrogen source, conferring an advantage in competitive growth. To
date, it is still unknown how prevalent the presence of sialic acid metabolic pathways is in
microbial communities. Since sialic acid metabolism is associated with pathogenicity, this
knowledge will greatly contribute to the future development of alternative medical
interventions. In order to broaden our knowledge in this field, we aim to characterize all
bacterial genomes available in public databases. We will perform a comparative genomic
analysis to evaluate the presence and absence of sialic acid metabolic pathways in these
microbes. In addition, we will determine their origins (environmental, host-associated) and
their potential interactions with their hosts. A challenging step in this analysis is the
annotation of the genomes. The protein sequences available in databases are not well
annotated, not curated, and their indiscriminate use can lead to error propagation. A suitable
approach is to use curated databases rather than general ones¹. Therefore, in order to
achieve an accurate genomic annotation, a local database is being established. This
database will include data from RefSeq, Uniprot, dbCAN-PUL, Cazzy, KEGG, MetaCyc, and
BV-BRC. In addition, several quality control steps are going to be performed to ensure the
reliability of the sequences. So far, 853838 sequences have been collected from RefSeq,
Uniprot and dbCAN-PUL, 74.2% of which are catabolic enzymes, 3.5% anabolic enzymes,
13.2% transport proteins, 8.2% sialidases, and 0,8% transcriptional factors. These numbers
bring insight into the relative availability of information relating to sialic acid metabolism in
the databases. We are currently working on improving data selection to establish a gold
standard for our local database.
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After the end of the pandemic, several consequences from SARS-CoV-2 infection
have been reported. These are persistent multisystemic sequelaes, a condition
referred to as Long COVID (LC). Among them are depression and anxiety, possibly
associated with the cytokine storm during the acute phase, which, over time,
influences the persistence and progression of mental disorders. Therefore, to
elucidate the molecular mechanisms involved, a holistic analysis of genes and
proteins potentially involved in depression and anxiety in LC was conducted, aiming
to support future in vivo and in vitro studies. With this purpose, a manual curatorship
was performed following this search strategy: (Depression OR Anxiety) AND (Long
COVID OR Post COVID) AND (Protein OR Gene). The search yielded 48 articles,
published between 2020 and 2023, containing the searched descriptors in the title
and/or abstract. Through this process, 50 proteins were identified, each cited at least
twice in the articles, and found to be related to mental disorders. Subsequently, the
identification codes of the collected proteins were obtained from UNIPROT, followed
by the construction of the protein interaction network and its topological and
functional analysis using Cytoscape, based on the protocol by Casotti et al. (2022).
In the functional analysis, pathway enrichment linked the proteins to the Janus
Kinase/Signal Transducer and Activator of Transcription (JAK/STAT) pathway, an
important viral clearance mechanism associated with SARS-CoV-2, which, by
binding to angiotensin-converting enzyme 2 (ACE-2), undergoes endocytosis and
activates biochemical cascades to induce the expression of interferons α and β
(IFN-α and IFN-β), as well as pro-inflammatory cytokines, which help sustain acute
inflammation. Additionally, interferons interacting with the JAK-STAT pathway can
induce cascades that result in the expression of interferon-stimulated genes (ISGs)
to combat SARS-CoV-2. In this process, IFN-α, involved in serotonin reduction,
increases the production of neurotoxic compounds through the conversion of
tryptophan into quinolinic acid and 3-hydroxykynurenine, perpetuating
neuroinflammation associated with cognitive decline. Furthermore, the progression
of inflammation is likely linked to an increase in interleukin-6 (IL-6), amplifying the
permeability of the blood-brain barrier (BBB) and recruiting interleukin-1B (IL-1β),
C-reactive protein (CRP), and tumor necrosis factor-alpha (TNF-α), furthering
neuroinflammation. In summary, this research, along with numerous other studies,
supports the notion that the chronic inflammatory storm triggered by the COVID-19
virus may induce depressive and anxiety disorders through interference with



neuroplasticity, neurogenesis, and synaptogenesis in emotion-regulating areas such
as the hippocampus, amygdala, and prefrontal and subgenual anterior cortex,
following a complex and multifactorial mechanism that becomes less elusive with the
findings of this study.
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Polyploid giant cells (PGCCs) are characterized by possessing multiple complete sets of
chromosomes, unlike the two copies (diploid) typically found in humans, resulting in a much
larger cell, present in certain types of cancer, such as subtypes of breast cancer (the most
common in the female population). Robust evidence indicates that they play a crucial role in
tumor survival and progression, as they are capable of generating daughter cells with an
irregular number of chromosomes (aneuploidy), resistant and able to escape senescence,
thus aiding in the perpetuation of the tumor. A deeper understanding of the pathways involved
in the formation of PGCCs and their progeny has led to research into developing anti-PGCC
therapies, some of which are promising in preclinical studies; however, the dynamic changes
in the tumor microenvironment limit their success. Therefore, it is necessary to thoroughly
understand the pathways that contribute to the success of PGCCs, establishing robust
biomarkers for them and aiming for new combined treatments, especially for breast cancer. In
this context, the protocol developed by the Computational and Systems Biology Group
(SCBG) of the Human and Molecular Genetics Center (NGHM) at UFES was used, a
methodology for constructing protein-protein interaction networks and performing topological
and functional analyses. It includes a robust manual curation stage for bibliographic selection,
selection of experimental proteins, construction and analysis of protein-protein interaction
networks using the Cytoscape software and tools like stringApp, Network Analyzer, MCODE,
and cytoHubba, as well as the enrichment of biological pathways in databases such as KEGG
and Reactome. The constructed network exhibited typical characteristics of natural biological
networks, such as high heterogeneity and a low average degree, indicating that most nodes
are not hubs (have few connections). The short path length, high clustering coefficient, and
small diameter suggest a "small-world" network, indicating that the proteins have high
cohesion and significant interactions with each other. The studied network largely contains
proteins that interact with kinases, especially cyclins, which act in the cytosol, are involved in
cell cycle progression and checkpoints, and when deregulated, can lead to the formation of
PGCCs. Other proteins present are associated with cancer signaling pathways. These results
align with the accumulating data over the last decade on PGCCs, as previously mentioned.
Finally, through the mentioned applications, the five most relevant proteins in the network were
selected: CCNA2, CDK1, MAPK3, PLK1, and P53, with CDK1, MAPK3, and PLK1 already
described in the literature as potential biomarkers for PGCCs. Future in vitro and in vivo
studies are necessary to verify the viability of these proteins as pharmacological targets for
new treatments against breast cancer.
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Tamoxifen (TAM) is a drug used to treat breast cancer in premenopausal patients with estrogen 

receptor-positive tumors, acting as an antagonist of this receptor. TAM is metabolized by P450 isoforms 

CYP2D6 and CYP3A4, producing metabolites such as afimoxifen and endoxifen, which are absorbed 

by the intestinal system and eliminated via urine and feces. TAM can bioaccumulate through trophic 

transfer via sediments and water. Bivalves are recognized as sentinel organisms, allowing molecular 

evaluation of transcriptomic responses to detect potential molecular changes. For the experiment, five 

Crassostrea gigas oysters were used per aquarium, with a total of six aquariums. The experimental 

groups included one exposed to tamoxifen at a concentration of 100 ng/L diluted in 0.0001% DMSO 

and a control group treated with DMSO only. Digestive glands and gills were collected after 24 hours of 

exposure. RNA was extracted using the Trizol®/QIAzol® reagent and treated with the Qiagen® RNase-

free DNase kit, precipitated with ammonium acetate, and quantified using Nanodrop. The transcriptome 

was assembled via RNA-Seq. The quality of reads was assessed using the FastQC program, and 

mapping was performed against a reference genome using the STAR program. Gene counts were 

determined using the htseq-count program. Differential expression analysis was carried out using the 

DESeq2 library in R. Principal Component Analysis (PCA) was performed for both digestive gland and 

gill samples using the FactoMineR and factoextra packages. Gene ontology enrichment was conducted 

using the weight01 algorithm from the R topGO library, with significant terms defined as p < 0.05. 

Enriched KEGG metabolic pathways were identified using the Benjamini-Hochberg multiple testing 

correction (p.adj < 0.05). A total of 26,598 genes were identified from the mapped reads, with GC 

content between 40% and 42%. Mapping coverage ranged from 75.80% to 80%, indicating good 

mapping quality. PCA results showed clustering of samples exposed to tamoxifen, whereas the control 

group data demonstrated separation, with no clear similarities to the TAM-exposed group. Differential 

expression analysis revealed 2,492 genes in the digestive gland and 154 genes in the gills, with a 

predominance of underexpressed genes in both tissues. Gene ontology enrichment analysis in the gills 

highlighted biological processes related to cell adhesion and intracellular movement, while calcium ion 

binding was notable in the molecular function category. In the digestive gland, molecular function 

enrichment was related to transmembrane transport, and biological process terms such as "cellular 

communication," "transmembrane transport," and "carbohydrate metabolism" were significant. KEGG 

pathway enrichment, performed only on the digestive gland due to the role of tamoxifen 

biotransformation, identified lysosomal pathways, with two genes associated with apoptosis being 

overexpressed and one involved in cancer transcriptional deregulation. Glycosphingolipid biosynthesis 

pathways were also enriched, with overexpressed genes linked to cellular receptors for pathogens and 

ovarian cancer. Retinol metabolism, although antioxidant, was implicated in promoting tumor growth in 

some contexts. These findings indicate alterations in key cancer-related pathways. 
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Abstract 

MicroRNAs (miRNAs) are small non-coding RNAs that regulate gene 

expression post-transcriptionally. They are involved in biological processes 

such as apoptosis, cell differentiation, growth, metabolism, and immune 

response. Arginine plays various biological roles, including protein synthesis, 

nitric oxide production, and the regulation of blood flow, with significant 

importance during pregnancy, as it is involved in fetal development. Given the 

limited understanding of arginine's role in miRNAs, especially during the fetal 

stage in pigs, the aim was to identify differentially expressed miRNAs in fetuses 

at 35 days of gestation, with and without L-arginine supplementation. RNA was 

extracted using Trizol from 10 pig fetuses, sourced from six sows supplemented 

and non-supplemented with L-arginine during pregnancy. After extraction, 

quantification was performed with a QUBIT fluorometer (Thermo Scientific, 

Waltham, MA, USA), and integrity was assessed using 1.0% agarose gel 

electrophoresis. Additionally, the Agilent 2100 BioAnalyzer (Agilent 

Technologies, Santa Clara, CA, USA) was employed to measure RNA integrity, 

with samples showing an RNA Integrity Number (RIN) above eight being used 

for library preparation with the Illumina TruSeq Small RNA kit, followed by 

sequencing on the Illumina HiSeq2500 platform. Post-sequencing, data quality 

control was carried out using Trimmomatic and Cutadapt tools. Initial mapping 

was performed with Bowtie and the Rfam database to eliminate tRNA and 

rRNA sequences. The remaining reads were mapped to the pig reference 

genome (Sscrofa11.1/susScr11) using the miRDeep2 tool through the mapper.pl 

script, which was also used to identify potential novel miRNAs. Differential 

expression analysis was conducted using the limma package in R. The results 

revealed a novel miRNA, chr2_17249, which was downregulated in fetuses 

from sows supplemented with L-arginine. This potential miRNA is located on 

SSC2, in intron 14 of the ATG2A (Autophagy Related 2) gene, and is predicted 

to target the ACACA (Acetyl-CoA Carboxylase Alpha) gene, which regulates 

fatty acid synthesis, suggesting that miRNAs may serve as modulators of its 

expression and fatty acid production. These findings demonstrate that miRNA 

activity can be altered by diet, broadening our understanding of swine biology 

and opening new avenues for future research on fetal development. 
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Aging is associated with diverse intrinsic and extrinsic factors, among them UV exposure. Both internal and
external stimuli cause short-term and long-term skin inflammation by stimulating the production of reactive
oxygen species (ROS), designated as the first line of defense against external agents, which promote the
inflammatory process. As a consequence of ROS accumulation, there is an imbalance in the body between
production of oxidant molecules and their neutralization by antioxidants, causing oxidative stress. In addition to
the decrease in antioxidant capacity, oxidative stress is related to DNA damage, inflammation, and the
production of matrix metalloproteinases (MMPs), enzymes that damage skin dermal proteins. In this context, the
concept of inflammaging emerged as a chronic low-level inflammation associated with aging, manifested by
high levels of pro-inflammatory factors such as IL-6. Thus, there is a recognized need for cosmeceuticals that
modulate inflammation pathways to prevent and treat aging. In this sense, this study aimed to evaluate whether
the bioactive compounds astaxanthin, curcumin, quercetin, and resveratrol are effective in treating the effects of
skin aging, using in silico analyses. For this purpose, protein-protein interaction networks (PPINs) related to
skin aging and the bioactive compounds were generated using the Cytoscape plug-in.
The key genes for each network were identified from the Bottleneck (BN) analysis: IL-6 (general and
astaxanthin), TAB1 (curcumin), TNF-α (quercetin), and TP53 (resveratrol). IL-6, a pro-inflammatory cytokine,
plays a pivotal role in the development of inflammaging and is inhibited by astaxanthin. In this context, the
excessive accumulation of ROS in the skin, combined with the imbalance of the redox state due to intrinsic
aging, can increase the release of pro-inflammatory cytokines, such as IL-6 and TNF-α. These interleukins have
the potential to positively regulate the expression of mRNA, proteins, and the enzymatic activity of MMPs, thus
aggravating the skin aging process. Therefore, it is understood that the anti-inflammatory effects of quercetin
inhibit TNF-α activity, protecting the skin from damage caused by inflammaging.
Curcumin's BN network, on the other hand, has TAB1 as its central gene. This protein acts as a key adaptor with
fundamental action in the activation of NF-κB, as well as in the production of pro-inflammatory cytokines in
response to stimuli with toll-like receptors and cytokines. As NF-κB activation triggers the production of
MMPs, it is inferred that curcumin negatively regulates TAB1, presenting anti-aging potential.
Finally, resveratrol BN showed TP53 as the most relevant gene, which is related to apoptosis inductions. Given
that apoptosis is one of the aging cascades promoted by ROS, it is possible to correlate the action of resveratrol
with apoptotic pathways, which may play an important role in maintaining skin integrity.
In short, aging is directly related to the inflammatory response, therefore the bioactive compounds studied may
represent promising elements to be included in cosmetic products for topical application and/or candidates for
oral drugs, as they are capable of reducing excessive oxidative stress and inflammatory processes, thereby
preventing or delaying cellular aging.

Keywords: Bioinformatics. Aging. Inflammation. Natural Products. Systems Biology.
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Sialic acids are monosaccharides composed of nine carbons and they are mostly present in
the cell surface of vertebrates. Among them, N-Acetylneuraminic acid (Neu5Ac) and the
N-Glycolylneuraminic acid (Neu5Gc) are the major classes of sialic acid in mammals.
However, in humans, the Neu5Gc is not synthesized due to one mutation in the CMAH gene,
which encodes the enzyme responsible for the hydroxylation of Neu5Ac into Neu5Gc. The
relevance of sialic acid has grown over the years, for example, levels of Neu5Gc can be
found in the human body after dietary consumption with food sources rich in this class of
sialic acid. The presence of Neu5Gc as xeno-autoantigen is linked to inflammation and
cancer as tumor cells highly express Neu5Gc onto their surfaces. Sialic acids found in the
terminal moiety of glycoconjugates have an important role in cell signaling and also in the
interaction among different cells. Furthermore, pathogenic microorganisms present in the
microbiota can scavenge the host’s sialic acid and incorporate it on their cell surface. With
this mechanism, the microorganisms are capable of evading the host's immune system and
continue their proliferation in the organism without interference. This raises many questions:
Overall, which microorganisms are capable of sialylating their cell walls and if
microorganisms could incorporate Neu5Gc, which impact could this have in pathological
states such as inflammation. For this purpose, this project aims to identify microorganisms
capable of incorporating sialic acid into their cell walls. To achieve this, the project includes
in silico, in vitro, and in vivo analysis. For the bioinformatics component, Hidden Markov
Models (HMMs) were generated using the HMMER program for each protein involved in the
sialylation process. RefSeq genomes from NCBI were then downloaded, and after filtering,
they were matched with the protein models to identify relevant protein sequences in the
genomes. Subsequently, a phylogenetic tree was generated and annotated for better
understanding. After the filtration steps, 235 genomes were identified as having a complete
sialylation pathway. From bioinformatic analysis, 77% of genomes do not possess any
virulence factor, which can be associated with commensal microorganism. This unexpected
finding is surprising, as the literature typically associates sialylation more with pathogenic
microorganisms. This could suggest that potential commensal microorganisms could have a
more impactful role in inflammation, particularly when incorporating the xeno-autoantigen
Neu5Gc. Although, this is a preliminary result and further analysis is required. To solidify this
hypothesis, in vivo analysis using a Cmah-/- mice model will be crucial to conclude our
findings.
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A Curated Dataset for Machine Learning Training to Predict Novel Peptide
Inhibitors of Voltage-Gated Sodium Channels in Drosophila suzukii

(Matsumura, 193)
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Jequitinhonha and Mucuri ³, INRAe UMR STLO, Rennes 4

Drosophila suzukii (Matsumura, 1931) is a highly destructive agricultural pest, primarily
affecting soft-skinned fruits. Current control strategies rely heavily on chemical insecticides,
which pose significant risks to non-target species, including pollinators, and contribute to
environmental contamination. To address these challenges, the use of natural toxins,
particularly peptides, has emerged as a promising alternative. These molecules demonstrate
high specificity and selectivity, offering a more sustainable approach to pest management.
Voltage-gated sodium channels (Navs) are critical molecular targets for insecticides, and
natural toxins modulate these channels by binding to three distinct sites, providing an
avenue for the development of novel bio-insecticides. In this study, we curated a dataset of
125 Nav-inhibiting toxins from databases such as UniProt, NCBI, and ArachnoServer, as
well as relevant literature, filtered using LitSuggest. Among these, 54 toxins were confirmed
to interact with one of the three Nav binding sites in insects. However, other toxins exhibited
insecticidal activity without an identified mechanism or targeted Navs in non-insect
organisms. To elucidate the mode of action of these additional toxins and expand the
dataset, molecular docking simulations were performed using HADdock and Zdock, two of
the most advanced tools for protein-ligand interaction prediction. For validation, decoys were
generated by randomly permuting amino acid residues and fully reversing sequences of
active toxins. A second round of decoy generation involved substituting 50% of amino acids
with similar types based on blosum62 matrix scores. Both active toxins lacking structural
data in the Protein Data Bank (PDB) and decoys were modeled using AlphaFold2, and
docking simulations were conducted for each toxin in its respective Nav binding site.
HADdock achieved area under the curve (AUC) values of 0.59, 0.51, and 0.38 for sites 3
(α-toxins), 4 (β-toxins), and E (pore domain), respectively. Zdock yielded AUC values of
0.61, 0.33, and 0.36 for the same sites. For decoys with 50% residue substitutions, AUC
values improved to 0.63, 0.53, and 0.52 for HADdock, and to 0.69, 0.41, and 0.41 for Zdock.
Given the limitations of docking-based approaches, an alternative method leveraging
Foldseek was employed. This technique, which is based on sequence and structural
similarity, identified 172 additional toxins with TM-scores ≥ 0.5 and Fiden scores ≥ 0.7.
These toxins were subjected to docking with Zdock and their performance compared to the
original active toxin dataset. The final dataset, consisting of 298 toxins (125 from the original
selection and 172 from Foldseek), forms the basis for training machine learning models to
identify novel insecticidal toxins with higher specificity for D. suzukii Navs.

Keywords: Natural toxins, Curated dataset, Molecular Docking, Bio-insecticides
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Viruses display a far greater diversity than that observed in cellular organisms and 
viral taxonomy remains poorly organized. Given the significant advancements in viral 
genome sequencing, particularly from metagenomic samples, the development of 
reliable taxonomic classification tools has become essential. Tools like GRAViTy, 
vConTACT, VICTOR, PASC, DEmARC, and Sequence Demarcation Tool, employ 
biological sequences to determine viral relationships. In recent years, accurate 3D 
structure prediction methods have been developed, and programs like Dali, TM-align, 
and Foldseek can generate pairwise structural alignments. Over the course of 
evolution, proteins can maintain their functional domains through 3D structure, even 
when primary sequences are highly divergent. Thus, structural homology of viral 
proteins can unravel relationships at deep taxonomic levels, such as orders and 
classes. The development of an integrated tool, employing various metrics and 
presenting a graphical output, would be highly beneficial for taxa delineation and 
visualization of viral groups. In this work, we present 3A-DGT (All-Against-All Distance 
Graphical Tool), a toolbox for the analysis and graphical visualization of biological 
distance data using primary sequences and 3D protein structures. Five metrics are 
currently implemented: sequence identity and similarity, maximum likelihood (ML) 
distance, structural similarity (TM-score), and 3Di character similarity. For each metric, 
the program performs sample clustering and generates heatmaps and distance trees. 
Additionally, 3A-DGT can generate FASTA sequence files of the classified groups.  

 We employed five different viral sequence datasets to validate the program: 
dsRNA viruses of the Amalgaviridae and Totiviridae families, ssDNA viruses of the 
Microviridae family, and dsDNA viruses of tailed phages of the Caudoviricetes class. 
In the case of the dsRNA viruses, the results confirmed that RNA-dependent RNA 
polymerase (RDRP) is much more conserved than the ORF1 protein whose function 
remains unclear, within Amalgaviridae. Moreover, the resulting RDRP distance tree 
confirmed that Amalgaviridae and Totiviridae are sister clades, in agreement with our 
previous phylogenetic analyses. In the case of Microviridae, heatmap graphs exhibited 
high conservation, especially on metrics based on structural comparisons, and the 
resulting distance tree presented good congruence with a maximum likelihood tree. 
Caudoviricetes are highly diverse, encompassing members of numerous distinct 
families. Indeed, the heatmaps of all metrics revealed considerably lower conservation 
compared to Totiviridae, Amalgaviridae, and Microviridae. Across all datasets, we 



 
observed increasing conservation among viruses in the following order of metrics: 
identity, similarity, maximum likelihood distance, 3Di character similarity, and TM 
score. These findings substantiate that structural comparisons can be more sensitive 
in identifying taxonomic relationships than amino acid sequences.  

In comparison to SDT and Dali programs, 3A-DGT integrates a more extensive range 
of metrics within a single toolbox, rendering it suitable for the comparison and 
demarcation of viral sequences with varying degrees of conservation. We are currently 
implementing the generation of multiple sequence alignments (MSA) with structural 
information, utilizing either the Foldmason program with 3Di characters or reseek to 
generate a mega alphabet and MUSCLE5 to align the sequences. These MSAs will 
be employed to estimate ML distances. 
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Abstract
The fast-spreading transmission of Omicron results from mutations that increase its
infectivity, facilitating the interaction between the virus's RBD and the ACE2 receptor on the
target cell (MOURA et al., 2022; FREITAS; GIOVANETTI; ALCANTARA, 2021). These
mutations in the S protein enhance the viral affinity for the receptor, impacting transmission
(TEGALLY et al., 2020). With over 16 million SARS-CoV-2 genomes in databases such as
GISAID, this study aims, through bioinformatics, to analyze the mutations of the Omicron
variant from Espírito Santo and its interactions with ACE2, seeking to identify interactions of
greater stability. This study investigates the impact of mutations within the SARS-CoV-2
Omicron variant identified in Espírito Santo, Brazil, on its binding affinity to the human ACE2
receptor, a crucial step in viral infection. The research leveraged the complete genomic
sequence of the Omicron variant obtained from the GISAID database
(https://www.gisaid.org/) (ID: 1383367). The RBD was identified through sequence alignment
using the NCBI database (https://www.ncbi.nlm.nih.gov/). Its three-dimensional structure was
subsequently predicted using AlphaFold3 (https://alphafoldserver.com/). Molecular dynamics
simulations were performed using GROMACS 2024.2 (ABRAHAM et al., 2024), employing
the CHARMM36 (BEST et al., 2012) force field. This computationally intensive process
involved meticulous system preparation, including solvation with TIP3P (BEST et al., 2012)
water molecules, neutralization with 0.15 M NaCl, and minimized using the SD method until
the maximum force was below 1,000 kJ/mol·nm and subjected to 100 ps under constant
volume (NVT) and constant pressure (NPT) conditions at 300 K and 1.0 N/m². The 50 ns
simulation was visualized in PyMOL, with RMSD, RMSF, and SASA analyses conducted
using GROMACS tools. Interactions between RBD and ACE2 were evaluated with PLIP
software (SALENTIN et al., 2015). The resulting data were organized into an interaction map
using in-house Python scripts, and the ±SEM was calculated using the PBSA method in
gmx_MMPBSA (VALDÉS-TRESANCO et al., 2021). The analysis revealed an RMSD
variation between 0.25 and 0.35 nm. The SASA of the RBD domain remained around 377
nm², peaking at 70 ns. The RMSF showed fluctuations corresponding to loop regions,
indicating intermittent interactions and suggesting greater flexibility of residues in this region
compared to the 7KMB. Key interactions included ionic bonds involving residues ARG800,
LYS837 and LYS855. Cation-π interactions between ARG800 and HIS34, as well as π-π
stacking between PHE883 and TYR83. Binding free energy calculations yielded a value of
-15.89 kcal/mol (±1.52 kcal/mol), compared to the -32.44 kcal/mol (± 0.67 kcal/mol)
calculated for the wild-type interaction. Comparative sequence analysis revealed fourteen
distinct mutations in the Espírito Santo Omicron RBD compared to the wild-type, including



D805N, R808S, K817N, G846S, E884A, and Q893R. An amino acid insertion was also
observed in the wild-type sequence between positions 897-911. Residues MET82, LYS441,
VAL442, and PHE483, exhibiting negative energy values while LYS31, GLU35, ASP38, and
LYS353 displayed positive energy values, a potentially destabilizing effect. This study
highlights the importance of investigating the mutational landscape of SARS-CoV-2 variants
and their impact on ACE2 binding dynamics, offering insights into the molecular mechanisms
of viral adaptation.

Keywords: Bioinformatics. SARS-CoV-2. Angiotensin II Converting Enzyme. Molecular
Dynamics Simulation.

References

ABRAHAM, M. et al. (2024). GROMACS 2024.2 Manual (2024.2). Zenodo.
https://doi.org/10.5281/zenodo.11148638.

BEST, R. B. et al. "Optimization of the additive CHARMM all-atom protein force field
targeting improved sampling of the backbone phi, psi and side-chain chi1 and chi2
dihedral angles", Journal of Chemical Theory and Computation, 8: 3257-3273, 2012,
PMC3549273.

FREITAS, A. R. R, GIOVANETTI, M., ALCANTARA, L. C. J. Variantes emergentes do
SARS-CoV-2 e suas implicações na saúde coletiva. InterAm J Med Health, v. 4, p. 1-8,
2021.

JORGENSEN, W. L. et al. (1983). Comparison of simple potential functions for simulating
liquid water. The Journal of Chemical Physics, 79(2), 926-935. doi:10.1063/1.445869.

MOURA, E. C. et al. Covid-19: evolução temporal e imunização nas três ondas
epidemiológicas, Brasil, 2020–2022. Revista de Saúde Pública, v. 56, 2022.

SALENTIN, S. et al. PLIP: fully automated protein-ligand interaction profiler. Nucleic Acids
Res. 2015 Jul 1;43(W1). doi: 10.1093/nar/gkv315. Epub 2015 Apr 14. PMID: 25873628;
PMCID: PMC4489249.

SHU, Y., MCCAULEY, J. GISAID: Global initiative on sharing all influenza data–from vision to
reality. Eurosurveillance, v. 22, n. 13, p. 30494, 2017.

TEGALLY, H. et al. Emergence and rapid spread of a new severe acute respiratory
syndrome-related coronavirus 2 (SARS-CoV-2) lineage with multiple spike mutations in
South Africa. medrxiv, p. 2020.12. 21.20248640, 2020.

VALDÉS-TRESANCO, M. S. et al. gmx_MMPBSA: A New Tool to Perform End-State Free
Energy Calculations with GROMACS. Journal of Chemical Theory and Computation,
2021 17 (10), 6281-6291. https://pubs.acs.org/doi/10.1021/acs.jctc.1c00645.

https://doi.org/10.5281/zenodo.11148638


Application of Machine Learning Algorithms for Identification of
Viruses in Dark Matter from Next-Generation Sequencing

Gabriel Montenegro de Campos¹, Luan Gaspar Clemente², Alex Ranieri
Jerônimo Lima³, Milton Yutaka Nishiyama Junior³, Eneas de Carvalho³, Sandra

Coccuzzo Sampaio³, Maria Carolina Elias³, Svetoslav Nanev Slavov³

1. Ribeirão Preto Medical School, University of São Paulo
2. College of Agriculture “Luiz de Queiroz”, University of São Paulo
3. Butantan Institute

Metagenomic methods represent one of the most potent tools for identifying emerging or
lesser-known viruses (SANTIAGO-RODRIGUEZ e HOLLISTER, 2022. With the advent of
next-generation sequencing technologies (NGS) and taxonomic classifiers, it has become
feasible to discern their genetic makeup and correlate the identified sequences with their
respective taxa. However, a subset of sequences remains unassociated with known taxa,
commonly called "dark matter." Dark matter poses a significant impediment to achieving a
comprehensive understanding of the metagenome (KRISHNAMURTHY e WANG, 2017;
SANTIAGO-RODRIGUEZ e HOLLISTER, 2022). Content residing within the dark matter can
potentially unveil novel pathogens capable of infecting humans. Hence, the primary aim of
this study is to delineate the viral content within the unclassified portion utilizing sequences
obtained from samples collected via nasopharyngeal swabs of pediatric patients of Hospital
das Clínicas de Ribeirão Preto, who tested negative for SARS-CoV-2 in 2021. The obtained
samples were sequenced using the NGS technique and the raw data was subjected to
quality control. Next, the entire human genome present was mapped and removed, the
unmapped reads were then taxonomically classified. The entire unclassified part (dark
matter) was subjected to a search for viral protein families that were used for training and
testing of supervised machine learning techniques, namely Naïve Bayes, Random Forest,
XGBoost, and LightGBM. Our approach revealed the presence of four predominant virus
groups—Caudovirales, Enterovirus, Respiratory Syncytial Virus, and Torque Teno
Virus—within the dark matter, indicating that certain genomic sequences evade taxonomic
classification. Moreover, our findings indicate that while XGBoost exhibited superior
performance, Random Forest yielded the most reliable outcomes.

Keywords: Viral metagenomics; Viral dark matter; Machine Learning; Bioinformatics.
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Glioblastoma (GBM) is the most common brain tumor in adults, characterized by low survival

rates and significant heterogeneity. A specific subset of GBM cells, known as glioma stem

cells (GSCs), plays a crucial role in tumor progression and treatment resistance by

maintaining stem cell-like characteristics. The NOTCH1 signaling pathway is important for

regulating stem cells in normal and neoplastic tissues within the central nervous system,

potentially contributing to the aggressiveness of GBM. Given the challenges posed by

GSCs, there is increasing interest in exploring their metabolic reprogramming and its

influence on tumor microenvironment, highlighting the potential for novel therapeutic

strategies. This study aims to: (i) assess whether NOTCH1 expression differs between

healthy brain tissue and GBM samples; (ii) characterize the GBM cohort and identify

pathways or processes associated with varying levels of NOTCH1 expression; (iii) analyze

the signaling pathway changes that occur upon NOTCH1 silencing in GSCs. We analyzed

GBM samples on GEPIA2 to compare NOTCH1 expression between TCGA-GBM and GTEx

healthy samples. TCGA-GBM transcriptomic and DSS data were downloaded from UCSC

Xena, and samples were grouped into NOTCH1-high and -low based on a DSS-based

cutpoint calculated with maxstat package. Gene set enrichment analysis (GSEA) was

employed to predict potential pathways and biological processes of the differentially

expressed genes (DEGs) between different groups. Additionally, we analyzed

transcriptomics data of GSCs (GSM2300615, GSM2300618, GSM2300616 and

GSM2300619) from the study GSE86348 available on the GEO platform. Gene Ontology

(GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analyses were

performed using the clusterProfiler package in the R environment. Our results revealed

NOTCH1 is highly expressed in brain tumors (~7X) and in all four GBM subtypes (p<0.05,



all) compared to healthy control. The Reactome signature “Signaling by NOTCH1” also

exhibited an increasing trend in GBM cases compared to healthy samples. Among 631

patients in the TCGA-GBM cohort, 172 had available NOTCH1 expression data, with 140

presenting disease-specific survival (DSS) data and classified as primary tumor. Of these, 99

(65%) were male and 54 (35%) female, with median ages at initial pathological diagnosis of

60 and 62, respectively. One hundred fifteen samples were identified as exhibiting high

NOTCH1 expression. GSEA and GO analysis comparing NOTCH1-high and -low groups

revealed differences related to the cell metabolism pathway, demonstrate that samples with

elevated levels of NOTCH1 exhibit reduced oxidative phosphorylation (OXPHOS), reactive

oxygen species (ROS) production, immune infiltration signatures and high tumor plasticity.

The cellular metabolism profile altered by NOTCH1 was further examined in GSC samples

with NOTCH1 silenced, revealing restoration of OXPHOS-related genes (NES=2.10) and

suppression of carbon metabolism (NES=-1.80). GO analysis of these samples also

indicated enhanced mitochondrial function, evidenced by heightened expression of

mitochondrial genes (ND1, ND2, ND3, ND5, ND6). Additionally, we observed diminished

expression of G6PD, a pivotal enzyme in the pentose phosphate pathway parallel to

glycolysis, underscoring the NOTCH1 in metabolic reprogramming. These findings suggest

NOTCH1 involvement in metabolic changes in GBM and GSCs, particularly in OXPHOS,

potentially influencing alternative metabolism and pathogenic mechanisms.
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The comparison and analysis  of  genetic  sequences allow researchers to  identify
similarities and differences among organisms, understand molecular evolution, and
reveal significant genetic patterns; however, the large volume of data generated by
next-generation  sequencing  technologies  presents  a  significant  challenge  for
conducting  these  comparisons  and  analyses  using  bioinformatics  methods. In
particular,  methods  based  on  sequence  alignment  don’t  cope  very  well  with
analyzing whole genomes in large quantities. Recently, alignment-free methods are
being developed as a potential solution to address this issue. In such a manner, this
study aims to present a free-alignment method for comparing genomic sequences
using a graph representation of genomes. 

The DNA sequences are initially transformed into graphs using the BASiNET
method, where the FASTA format sequence is processed with a sliding window to
identify  subsequences  of  three  nucleotides,  with  a  word  and  step  size  of  3
nucleotides. Edges are established between adjacent triplets, resulting in a weighted
directed graph. The weight of each edge signifies the frequency of co-occurrence of
the corresponding triplets. Subsequently, this graph is transformed into a weighted
adjacency matrix, which reflects the relationships between vertices and is employed
to calculate various metrics for assessing sequence similarity. The comparison of
adjacency  matrices  can  be  performed  using  metrics  that  quantify  the  distance
between the matrices, facilitating the analysis of similarity between the sequences. In
this  work,  to  simplify  the  calculations,  the  matrices  are  vectorized  and  then  the
Hamming distance, Euclidean distance, Hausdorff distance, Jaccard distance, and
Pearson correlation are applied. With the distance matrices, it is possible to conduct
a cluster analysis and examine the similarity relationships among the sequences.

For this study, sequences of the HIV virus will be analyzed, which possesses
a  high  mutation  capacity  primarily  due  to  its  error-prone  reverse  transcriptase
enzyme,  leading  to  significant  genetic  diversity.  This  genomic  variability  has
necessitated  the  classification  of  HIV  into  groups,  subtypes,  and  recombinant
forms.The proposed approach was evaluated considering a set of HIV genomes,
producing promising results in the classification of HIV-1 and HIV-2 types and the
analysis of virus subtypes.
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Introduction: Machine learning algorithms effectively handle high-dimensional genomic data,
such as exome data, addressing challenges such as prediction, classification, and
dimensionality reduction. Objective: This study aimed to compare classifiers to predict the
severity of COVID-19 using exome data from 239 samples. Methodology: The database
included the exome of 239 patients, with 150 in the "Non-severe COVID" class and 89 in the
"Severe COVID" class (CAAE: 37094020.6.0000.5060). Variants with up to 10% missing
data were retained (4505). Python (v.3.12.5) was used to train the models, with libraries
such as “pandas”, “scikit learn”, applying the linear kernel Support Vector Classifier (SVC).
After data cleaning and removing variables that could introduce bias, the Recursive Feature
Elimination (RFE) method was implemented to select the 20 most influential features. Five
algorithms were tested: KNeighborsClassifier(KNN), LogisticRegression(LR), and
DecisionTreeClassifier(DT), SVM with RBF kernel, and SVM with linear kernel.
SimpleImputer was used to handle missing values, and evaluation metrics included
AUC-ROC, accuracy, F1 Score, sensitivity, specificity, and cross-validation. Results and
Discussion: With the 20 best features selected by SVM-RFE, kNN achieved an AUC of 0.60,
an accuracy of 0.65, an F1 Score of 0.47, sensitivity of 0.80, and specificity of 0.40,
indicating high sensitivity but challenges in identifying true negatives. The linear kernel SVM
achieved an AUC of 0.83, accuracy of 0.85, F1 Score of 0.85, sensitivity of 0.90, and
specificity of 0.77, demonstrating excellent overall performance. The RBF kernel SVM had
an AUC of 0.79, accuracy of 0.82, F1 Score of 0.73, sensitivity of 0.93, and specificity of
0.64, standing out for its high sensitivity but with lower specificity. LR presented an AUC of
0.75, accuracy of 0.78, F1 Score of 0.68, sensitivity of 0.86, and specificity of 0.64, showing
good distinction between classes and competing with linear SVM-RFE. DT achieved an AUC
of 0.71, accuracy of 0.72, F1 Score of 0.64, sensitivity of 0.73, and specificity of 0.70, with
slightly better performance than kNN, particularly in terms of specificity. The ideal model
choice depends on the most relevant metric for the problem, such as sensitivity versus
specificity, and the dataset's characteristics. The linear kernel SVM stood out for its ability to
reduce complexity and avoid the curse of dimensionality, being preferable in situations with
many attributes (Wiyono et al., 2019). According to Huang et al. (2003), SVM tends to
perform better in terms of AUC, maintaining high true positive rates and minimizing false
positives. Conclusion: The linear kernel SVM-RFE had the best overall performance, with
the highest AUC, accuracy, F1 Score, and specificity. LR also proved competitive, being a
good alternative depending on the specific application context.
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Paenibacillus is a genus of Gram-positive, facultatively anaerobic, endospore-forming 

bacteria, comprising at least 240 species. Over the past two decades, interest in its 

biotechnological potential has increased, although there is still limited genomic information 

available about the genus. In this study, we performed a comparative genomic analysis of 

Paenibacillus genomes and investigated their potential to interact with plants and act as 

antagonists of phytopathogens. 1,500 Paenibacillus genomes available in August 2024 were 

downloaded from GenBank and evaluated using CheckM v1.0.13, considering parameters 

(>95% completeness and <0.5% contamination). A total of 428 genomes were selected for 

phylogenetic and global distribution analyses. The alignment of the genomes of Paenibacillus 

was constructed using CheckM v1.0.13. The phylogenetic tree was obtained using maximum 

likelihood with IQ-TREE v1.6.11. A set of 102 complete genomes was selected for subsequent 

analyses. The protein files were used in pan-genome analyses and categorization of core, 

accessory, and unique gene families according to the COG database using the Bacterial Pan 

Genome Analysis v. 1.3 pipeline. The identification of CAZymes was performed using the 

dbCAN 3. Plant growth-promoting genes was carried out using the BLASTP and HMMER tools 

on the PGPT-Pred database from PLaBAse, and a heatmap was generated using the Clustvis 

v.1.0 tool. Secondary metabolite biosynthetic gene clusters were predicted using antiSMASH 

v. 6.0. Paenibacillus polymyxa was the most predominant species (46). Global distribution was 

represented in a map generated using the 'ggplot 2' package in R, which indicated that the 

areas of greatest abundance were concentrated primarily in North America. 11.71% of the 

genomes were derived from soil samples, with P. polymyxa being the most abundant species, 

also found in rhizosphere samples, suggesting its role in plant growth promotion. The 

phylogenetic tree was built based on 43 marker genes using the LG+I+G4 model. The genome 

sizes ranged from 3.839 to 9.080 Mb, while the GC content varied from 40.0% to 63.5%. The 

lineages exhibited an average of 174, 4,620, and 775 core, accessory, and unique genes, 

respectively. According to Heaps Law, the pan-genome was open and increasing (b = 0.56). 

Genes related to nitrogen acquisition (nifU, nifS and nifF), iron acquisition (lipA and lipB), 



 

indole-3-acetic acid (IAA) production (trpD, trpA, trpF, trpB, trpS, trpE, trpC and trpG), and 

phosphate solubilization (ptsB, ptsS, ptsA, ptsC, phoU, phoR, phoH and phoA) were 

ubiquitously present. P. polymyxa exhibited higher frequencies of phosphate-solubilizing 

genes. Paenibacillus synthesizes ten types of secondary metabolite clusters, with non- 

ribosomal peptide synthetase (NRPS) being the most predominant. The most frequently 

identified CAZyme family in the genomes was glycoside hydrolases (GH). By exploring these 

genomes, we provide new insights into ubiquitous characteristics of the genus and unique 

traits among species. Our research emphasizes the role of Paenibacillus in plant- 

microorganism interactions, highlighting its impact on plant growth promotion and biocontrol. 
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Development of a web system responsible for automating the process of
validating three-dimensional proteins
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The analysis of the structures of a protein is a fundamental step for its better understanding,
since through this it is possible to understand not only its functionality, but also its interaction
with other molecules and its relationship with different biological activities. One tool that
allows this analysis to be performed is the creation of Ramachandran graphs. Through this,
it is possible to evaluate the stereochemical quality of protein structures, represented by the
association of phi (φ) and psi (ψ) angles present in polypeptide residues, which are located
in energetically favorable and unfavorable regions of the protein. A protein is composed of
three main angles: omega (Ω), which is a fixed angle, and phi (Φ) and psi (Ψ), which are
responsible for the conformational variation of the main chain, making it flexible.
Furthermore, the creation of these graphs also helps in the evaluation of the quality of
theoretical and experimental models involving proteins. Thus, the use of this approach
becomes fundamental for this process. However, the manual analysis of these graphs,
combined with the lack of tools that automate this process, makes this a time-consuming
and error-prone activity, especially in cases where there is a large volume of experimental
data. Therefore, the objective of this work is to develop a web system responsible for
automating the process of generating Ramachandran graphs of proteins contained in Protein
Data Bank - PDB format files, in order to facilitate their three-dimensional analysis and assist
research in the area of ​​structural bioinformatics and proteomics. The prototyping
development process was used to develop the system, where the necessary requirements
were raised to automate the processing for generating Ramachandran graphs on a large
scale. Then, the Figma tool was used to create prototypes of screens, which served as the
basis for the development of the web platform. For the development of the code and the
construction of the database, the MySQL system was used. As for the languages, Python
was used to generate graphs, PHP with Laravel framework for the development of the
back-end and TypeScript for the development of the front-end. The web system developed
allows users to submit PDB files, generating four different graphs that allow detailed analysis
of the torsion angles of protein residues. In addition, the system sends by email and displays
a report indicating the outlier residues responsible for facilitating the identification of unusual
conformations and contributing to the assessment of the quality of the protein structure.
Therefore, this web system stands out for its ability to automate the process of generating
Ramachandran graphs efficiently, making the process of analyzing protein structures faster,
easier and more practical. Its creation contributes to the advancement of studies in
proteomics, especially in the understanding and validation of protein structures, and is a
promising tool for bioinformatics.

Keywords: Ramachandran, bioinformatics, automation, proteomics.
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Schizophrenia  is  a  complex  mental  disorder  characterized  by  disruptions  in  thought,
perception,  and  social  functioning  [Patel  et  al.  2014].  Diagnosing  schizophrenia  is
challenging  due  to  its  variable  symptomatology  and  the  absence  of  specific  biological
markers  [Hany  et  al.  2024].  While  traditional  diagnostic  approaches  are  grounded  in
behavioral  assessments,  recent  advances  in  neuroimaging,  particularly
Electroencephalography (EEG), offer potential support for diagnostic processes [Sun et al.
2021].  EEG  enables  the  tracking  of  neural  oscillations  across  various  frequencies  and
amplitudes, providing a means to observe specific energy fluctuations in the brain. Through
the analysis of these fluctuations, researchers can compute Global Field Power (GFP), a
measure of the brain's overall electrical activity, which can be used to generate topographic
images known as microstates [Skrandies, 1990]. Microstates represent brief, spatially stable
intervals of brain activity and reflect fundamental building blocks of cognitive processing.
Studies have shown that patients with schizophrenia exhibit abnormal microstate patterns
[Andreou and Leicht, 2020; Alves et al. 2024], such as an increased duration of microstate
class  C (linked to  attention  networks)  and a  reduced occurrence of  class  B (related to
language functions). These abnormalities may serve as biomarkers, providing insight into
cognitive disruptions associated with schizophrenia [Michel & Koenig, 2018]. Additionally,
patients  often  show a higher  prominence of  microstate  class  D,  a  potential  indicator  of
psychosis risk, and a reduction in alpha power (8–12 Hz) in frontal brain regions, associated
with impaired attention and working memory [Tomescu et al., 2014; Berman & Stern, 2017].
These findings support EEG microstate abnormalities as early markers for schizophrenia
risk,  particularly  as  similar  patterns  are  observed  in  individuals  at  high  risk.  This  work
hypothesizes that the classification of EEG microstates can be realized by machine learning
models  such as Vision Transformers (ViTs)  [Dosovitskiy  et  al.  2020]  applied to  analyze
microstate  images.  ViTs  divide  input  images  into  patches  and  apply  self-attention
mechanisms. This approach allows ViTs to capture subtle spatial dependencies and identify
patterns that may relate to schizophrenic traits. The application of Vision Transformers in
analyzing EEG microstate images has demonstrated classification accuracies of over 60% in
diagnosing schizophrenia;  however,  these results  are based on preliminary experiments,
utilizing a dataset with 28 patients,  of  whom 14 have schizophrenia and 14 are healthy
[Olejarczyk and Jernajczyk, 2017], and an additional 84 patients from [Gorbachevskaya and
Borisov, 2019], where 39 patients are healthy and 45 have schizophrenia. Further research
is needed to validate these findings across diverse populations.

Keywords: Global Field Power, Neural Network, Machine learning in diagnostics.
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EVALUATION OF MACHINE LEARNING MODELS IN IDENTIFYING NEUROLOGICAL
COMPLICATIONS OF COVID-19: AN INTEGRATED AND COMPARATIVE ANALYSIS

Basílio LA1, Silva DRC1, Zetum ASS1, Ventorim VP1, Altoé LSC1, Morelatto SA1, Meira
DD1, Louro ID1,

1 Universidade Federal do Espírito Santo (UFES)

Objective: This study aimed to compare five machine learning algorithms in classifying
neurological complications in COVID-19 patients to identify the best-performing model. Methods:
206 patient samples with neurological sequelae (brain fog, memory loss, mood changes, and sleep
disorders). Sociodemographic variables , comorbidities, and biomarkers were also included in the
analysis. The R programming language was used to develop the models, and the Synthetic
Minority Over-sampling Technique (SMOTE) was applied to address class imbalance. Performance
was assessed using F1 score, AUC, accuracy, precision, and sensitivity. The ML tools used
included SVM, Elastic-Net, RF, XGB, and LGBM, employing the SMOTE resampling technique.
Risk prediction was performed using Stepwise Logistic Regression (RLS). Results: ML: Brain
Fog: Best results were observed with EN (F1:0.74; AUC: 0.64), XGB (F1:0.73; AUC: 0.58), LGBM
(F1:0.71; AUC:0.59), RF (F1:0.7; AUC:0.59), and SVM (F1:0.69; AUC:0.56). Important variables
for EN: obesity and clinical spectrum(CS). Memory Loss: XGB (F1:0.57; AUC:0.68), LGBM
(F1:0.56; AUC:0.65), EN (F1:0.53; AUC:0.64), SVM (F1:0.52; AUC:0.58) and SVM (F1:0.69;
AUC:0.61). Important variables for XGB: CS, gender and age. Mood Changes: SVM (F1:0.74;
AUC:0.74), EN (F1:0.71; AUC:0.66), LGBM (F1:0.69; AUC:0.69), XGB (F1:0.69; AUC:0.6) and RF
(F1:0.53; AUC:0.6). Important variables for SVM: CS and Chronic Cardiovascular Disease (CCD).
Sleep Disorders: XGB (F1:0,68; AUC:0.6), SVM (F1:0.68; AUC: 0.54), LGBM (F1:0.58;
AUC:0.63), RF (F1:0.56; AUC:0.61) and EN (F1:0.45; AUC:0.63). Important variables for XGB:
obesity, gender and such as TNF-α. Stepwise Logistic Regression (P<0.05): Brain Fog: Severe
CS (OR:3.0140, CI:1.2714–7.5743), Female Gender (OR:2.4720, CI:1.2771–4.9214), Chronic
Lung Disease (CLD) (OR:3.1492, CI:1.1936–8.7073), Diabetes Mellitus (OR:3.1546,
CI:1.3067–7.8031), Obesity (OR:1.9775, CI:1.0032–3.9263), TNF-α (OR:2.1883,
CI:1.1548–4.2219). Memory Loss: Severe CS (OR:4.8569, CI:2.2780–10.838), Gender
(OR:3.6473, CI:1.9451–7.1157). Mood Changes: Moderate CS (OR:7.9958, CI:2.9263–24.632),
Severe CS (OR:8.2091, CI:3.0150–25.497), Gender (OR:2.2266, CI:1.1329–4.4884), Age over 55
years (OR:0.3638, CI:0.1500–0.8456), CCD (OR: 2.6222, CI: 1.2749–5.5398), D-dimer
(OR:0.4040, CI:0.1576–0.9623), TNF-α (OR:2.2469, CI:1.1721–4.3839). Sleep Disorders: CLD
(OR:3.1725, CI:1.2074–8.5764), Diabetes Mellitus (OR: 2.7034, CI:1.0772–6.8683), Obesity
(OR:2.1574, CI:1.0845–4.3484), TNF-α (OR:2.4231, CI:1.2733–4.7083). Discussion: XGB
performed best for memory loss and sleep disorders, while SVM excelled in mood changes
and EN in brain fog. The importance of biomarkers such as TNF-α and IL-6 highlights the
potential of integrating biological data into predictive models. Conclusion: Artificial intelligence
tools can optimize the diagnosis and management of neurological sequelae in severe COVID-19
cases. However, the selection of the most appropriate algorithm depends on dataset
characteristics. Continued development of automated tools to test multiple classifiers remains
essential to refine these predictions.

Keywords: Machine learning, Long COVID, Artificial intelligence, Logistic regression, Neuropathy.
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Introduction 

The inherent complexity of representing living organisms has been a current challenge in modern science. Several 

tools such as KEGG, Reactome and String store complex cell signaling reactions, allowing a static recreation of 

the biological events observed within years of research endeavors. Despite the efforts, this approach solely cannot 

bring accuracy when modeling complex cell signaling pathways. To overcome this, dynamic models can be used 

to bring reliable results, but with a high-cost of information. Our research group has opted for using Ordinary 

Differential Equations (ODE) model to represent the KRas-GTP activation by SOS in Y1 cells. This model has 

revealed that SOS could not solely explain the high levels of KRas-GTP on this lineage, and further investigation 

pointed RasGRP4 as an important GEF. Protein depletion by CRISPR followed by tumor growth assays showed 

that the depletion of this protein displayed reduced tumor size compared to controls, insight that could never be 

reached without the initial ODE modeling. This result gives us the glance that the role of GEFs is underrated, and 

much more can be learned from complex networks if the dynamic models could be extensively expanded. We 

believe that this expansion can bring a game-changing role in disease and drug discovery research. 

Objectives 

For this research, our goal is to expand the dynamic hybrid models and explore its limitations. To achieve that, 

we plan to combine the ODE with data-driven models to overcome the limitations of building a bigger network, 

that in turn will be fed by high-resolution mass spectrometry of normal and phosphoproteome kinetic data from 

Y1 cell, over a number of perturbations on the system. 

Methods  

To confirm the initial theoretical aspect of the aforementioned background, we depleted the protein RasGRP4 and 

KRas protein with the CRISPR technique and performed tumoral growth assay in nude mice. As for the high-

resolution mass spectrometry, we analyzed the Y1 cell TMT-Phosphoproteome (DDA) and Normal proteome (DIA) 

on Thermo Lumos™ and Q-Exactive™ mass spectrometers respectively, in a 0 to 30 minutes timespan under FGF2, 

SOS inhibitor + FGF2, with or without FBS in triplicates. After that, an exploratory analysis was performed in the 

data, which will be further used to compose the future dynamic hybrid models.  

CEUA #3976280723 

Results and Conclusion. 

The mouse tumor assays showed that CRISPR-depleted RasGRP4 protein cells exhibited lower tumor average 

and frequency, where only one achieved 1000 mm³, pointing for the complexity of the overlooked GEFs in cancer 

development. This result prompted us to expand the modeling using high-resolution mass spectrometry of the Y1 

cell line, which is currently under exploratory analysis. This result will further compose the dynamic hybrid 

modeling, where the limitations and achievements will be explored, to give new insights for cell signaling studies 

as a whole. 
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Introduction: COVID-19 is an acute respiratory infection caused by SARS-CoV-2 that might affect 

various systems, including the nervous system, leading to persistent sequelae. SARS-CoV-2’s 

ability to penetrate brain tissue may trigger neurological complications, especially in those with 

genetic predispositions. Objective: To examine the relationship between genetic variants in 

participants affected by COVID-19 and their post-infection neurocognitive issues. Methodology: 

From 277 participants, 167 reported neurocognitive issues after the acute COVID-19 phase. They 

completed questionnaires for sociodemographic and clinical data, and provided blood samples for 

DNA sequencing. The analysis focused on genes involved in nervous system dysfunctions. Partial 

least squares (PLS) regression was used, with cross-validation and variable selection via the R 

statistical software (version 4.4.0). Results and Discussion: Significant results (p<0.05) were 

found for the HTR2A gene, with the rs6314 variant (OR=2.4856; IC 95%=1.1420-5.6362), and for 

the HLADRB1 gene, with the rs17886882 (OR=2.1758; IC 95%=1.0701-4.5211) and rs9269960 

(OR=2.1493; IC 95%= 1.0364-4.5709) variants. These alterations were identified as risk factors for 

post-infection neurocognitive sequelae. HTR2A codes for serotonin receptor 2A and plays crucial 

roles in cognition and mental health. Jokela et al. (2007) linked an HTR2A polymorphism to 

increased chances of developing depression. Modulation of this gene has also been related to 

anxiety reduction in mice due to decreased mRNA expression and receptor formation (Rhon et al., 

2023), while Rhon et al. (2024) found that knocking down 5HT-2A improved memory in mice, 

suggesting its potential in treating neurocognitive disorders. HLADRB1 has also been linked to 

cognitive issues, particularly in age-related dementia and neurodegenerative diseases. Many 

HLADRB1 variants are linked to cognitive decline and Alzheimer's (Cătană et al., 2024). Payton et 

al. (2016) associated an allelic variant of this gene with multiple sclerosis and cognitive decline. 

When the infection occurs, SARS-CoV-2 can penetrate the central nervous system (CNS) through 

the blood-brain barrier (BBB), potentially causing neurologic complications. Persistent CNS 

inflammation due to deoxygenation, coagulation, and neurotransmitter dysregulation in the acute 

infection phase (Lazzaroni et al., 2021; Rivas-Vazquez et al., 2022), followed by neuroinflammatory 

cascades, microclots, and glial cell activation in the residual phase (Shafqat et al., 2023; Sideratou; 

Papaneophytou, 2023), has been documented. These processes may worsen in individuals with 

genetic mutations (Siqueira et al., 2024). We hypothesize that viral infection in the CNS acts as a 

trigger for individuals with genetic variants in HTR2A and HLADRB1 to develop neurocognitive 

sequelae. Conclusion: Genetic variants in the HTR2A and HLADRB1 may increase the risk of 

neurocognitive complications, especially following SARS-CoV-2 infection. The variants rs6314 

(HTR2A) and rs17886882, rs9269960 (HLADRB1) were linked to cognitive impairments, including 

memory loss and mental fatigue. The role of these genes in brain function, as shown in previous 

research, supports the hypothesis that viral-induced neuroinflammation could exacerbate genetic 

vulnerabilities, leading to more severe neurocognitive outcomes. 

Keywords: Neurocognitive sequelae, COVID-19, Genetics. 
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Staphylococcus aureus is a versatile pathogen that colonizes various tissues in distinct
vertebrate hosts, reflecting its mobile genome and metabolic adaptability. Genomic elements
may have been primarily selected for roles crucial to microbial metabolism, with their function in
counteracting antimicrobials being secondary. Since antibiotics co-opt bacterial transporters to
enter bacterial cells, changes in the transporters' composition due to the adjustment of bacterial
metabolism to an environmental shift might challenge the susceptibility to antibiotics.
Conversely, mutations affecting the expression or the activity of porins due to antibiotic selective
pressure might modify bacterial metabolism. The metabolic adaptation of S. aureus to distinct
niches within its hosts results partially from the acquisition of multiple carbohydrate transporter
types that allow maximal uptake of host sugars during infection. Thus, we aimed to
cross-compare genetic elements related to antimicrobial resistance (AMR) and carbohydrate
transport in the global S. aureus genomic population. To that end, we retrieved all complete
genomes of the pathogen available at NCBI as of March 2024, filtering for high quality using
CheckM v1.2.2 and annotating with Prokka v1.12. Sequence types (STs) were determined using
mlst v2.11, and SCCmec types were identified with staphopia-sccmec v1.0. Additional
resistance genes were detected using ABRICATE. For carbohydrate transporters, we curated a
database from UniProt and identified transporters through a BLASTp search. We assessed the
correlation between transporter abundance and AMR, performing statistical analyses such as
Wilcoxon tests, Spearman’s rank correlations, and odds ratio. Phylogenomic and pangenome
analyses were conducted using Phylophlan v3.0.67 and Roary v3.13.0, with maximum
likelihood (ML) trees built with IQ-TREE multicore v2.1.4. Our findings highlight the intricate
complexity of the S. aureus sugar transportome and antimicrobial resistome, revealing high
variability in presence and abundance across lineages. Statistical and phylogenomic analyses
suggest a potential relationship between sugar transporters, multidrug-resistant efflux pumps,
and the SCCmec element. Variations in transporter gene copies correlate with distinct
resistance profiles in highly successful clones over the evolution of the pathogen's AMR.
Together, these findings demonstrate the intricate complexity of the S. aureus sugar
transportome and antimicrobial resistome, revealing high variability in presence and abundance
across lineages. Overall, our study emphasizes the significance of taking into account multiple
aspects of AMR in order to gain a deeper understanding of the genetic underpinnings of the
evolution and dispersion of pathogenic bacteria and to develop more effective infection control
strategies.

Keywords: Staphylococcus aureus, carbohydrate transporters, antimicrobial resistance,
cross-genome comparison, efflux-pump.
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An understanding of how an antiviral monoclonal antibody recognizes its target is important 
for the development of neutralizing antibodies and vaccines. Identification of epitopes, a part 
of antigen that antiviral antibody binds, is essential for this purpose, and several informatics 
tools have been developed for epitope prediction based on protein structure and sequence 
information. For example, BepiPred [1] is a sequence-based prediction method which uses a 
random forest algorithm trained on epitopes annotated from antibody-antigen protein 
structures. There is also a structure-based method, ElliPro [2], which uses antigenicity, solvent 
accessibility, and flexibility of protein structures. These methods are powerful and can identify 
epitopes in a short time. Given many viral proteins are extensively glycosylated, an obvious 
and critical limitation of these methods is that they do not take into account the effect of glycans. 
The glycans on the surface of a viral envelope protein potentially affect the antibody response 
and the interaction with host cell protein. However, the structural complexity inherent to 
glycans (heterogeneity and flexibility) hamper visualizing the overall structure of surface 
glycans using X-ray crystallography and Cryo-electron microscopy. 

MD simulations provide atomistic structure information, incorporating dynamics, for 
complex biomolecules. Integrating Molecular Dynamics (MD) simulation with epitope 
prediction informatics tools provides a solution to overcome the limitation mentioned above 
[3,4]. The dynamical structure information of surface glycans is deduced from MD simulation, 
which is then combined with the results of informatics tools to construct a consensus score 
for predicting epitopes under the effect of glycans. Because glycans interact extensively on 
protein surfaces, sampling all of their possible conformations remains challenging. Here, in 
order to accurately characterize the conformational ensemble of surface glycans at 
affordable computational cost, we present an MD simulation using gREST (generalized 
Replica- Exchange with Solute Tempering) [5], which enhances conformational sampling by 
locally scaling the potential energy of interest (the “solute” region). We applied this method to 
a small-sized but densely glycosylated Lassa virus fully glycosylated envelope protein 
complex and compared the results with those obtained using conventional MD simulations. 
The model system was constructed using CHARMM-GUI Glycan Modeler [6]. gREST 
simulation was performed using GENESIS program package [7,8], where the surface 
glycans were selected as the solute region. Shortly, gREST simulations better characterized 
distinct glycan clusters on the protein surface and explored antibody-accessible regions. 
Integration of simulation results with immunoinformatic tools improved the accuracy of 
epitope prediction. This method can be extended to the development of molecular models of 
antigen−antibody interactions with details of explicit glycan involvement. 
 
Keywords: Molecular dynamics simulation, Enhanced sampling, Epitope prediction, Viral 
glycoprotein 
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Introduction: Long COVID (LC) refers to persistent symptoms after infection with SARS-CoV-2,
affecting millions of people. One of the most common sequelae is chronic fatigue syndrome, which
occurs after viral infections and may be related to genetic factors that influence the inflammatory
immune response. Objective: To identify genetic variants associated with predisposition to the
development of post-COVID-19 physical fatigue. Methodology: A total of 277 participants were
included, of whom 104 reported physical fatigue. All underwent a questionnaire to collect
sociodemographic and clinical data, as well as blood collection for DNA extraction and sequencing.
The analysis focused on genes related to cytokine signaling pathways, leukocyte recruitment, and
endothelial injury markers. The variants were analyzed through partial least squares regression,
with cross-validation and variable selection using R software version 4.3.3. Results and
Discussion: Significant changes (p < 0.05) were found in the following genes: VWF (rs216325;
OR=7.4792; 95% CI=1.5615-57.965); ADAMTS13 (rs2301614; OR=1.9656; 95%
CI=1.0916-3.5728); HLA-B (rs200450928; OR=2.7742; 95% CI=1.1157-7.1936); and MICA
(rs41553616; OR=3.3933; 95% CI=1.2429-9.8135). During the acute phase of COVID-19, the
complement and coagulation systems can be activated and remain active in various tissues in
patients with LC. Damage to endothelial cells results in the release of von Willebrand factor (VWF),
which recruits platelets and promotes coagulation. The size of VWF is regulated by the enzyme
ADAMTS13, responsible for its cleavage, preventing the formation of excessively large multimers
that could promote thrombosis. The HLA-B gene presents peptides derived from foreign antigens
to T cells, triggering an immune response to combat the invader. The literature indicates that
patients with chronic fatigue show a higher VWF(ag)/ADAMTS13 ratio and downregulation of
HLA-B. Thus, alterations in these genes may dysregulate their functions, favoring thrombus
formation and impairing the recognition of pathogens by T cells. Moreover, the MICA gene,
expressed in stressed cells and one of the ligands for the NKG2D receptor (natural killer group 2
member D), may undergo changes that lead to the release of soluble MICA during infection,
allowing, along with the downregulation of HLA-B, the virus to evade the immune response and
cause persistent hyperinflammation. Therefore, pathogenic genetic alterations may weaken the
body's defenses and contribute to hyperinflammation, prolonging tissue damage and increasing
the risk of complications. Conclusion: Genetic factors play crucial roles in the development and
worsening of post-COVID-19 physical fatigue. The role of these genes in immune response and
endothelial injury supports the hypothesis that virus-induced inflammation can overcome a
weakened immune system and cause persistent damage. Thus, identifying these variants can aid
in screening individuals at risk, enabling the development of more effective preventive and
therapeutic treatments.
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Cell signaling pathways regulate cellular activities, orchestrating processes such as growth,
proliferation, and death through cascades of chemical reactions. Their deregulation is as-
sociated with diseases such as cancer [Hidalgo and Others 2018, Joo 2009]. In this con-
text, dynamic modeling using ordinary differential equations (ODEs) can be employed
to understand the behavior of individual proteins within these complex networks. How-
ever, these dynamic models capture only a portion of the processes occurring within the
cell, assuming that the modeled proteins function in isolation. Some studies have been
proposed to address the isolation assumption [Lee and Others 2020, Glass et al. 2021,
Bangi and Others 2022, Santana and Others 2023]. One way to tackle the lack of isola-
tion problem is by employing a hybrid model that integrates mechanistic and data-driven
modeling, also known as universal differential equations (UDE) [Rackauckas et al. 2021].
Our previous work investigated the identifiability of such a model within the context of
cell signaling pathways: we demonstrated, using toy models, that the hybrid approach
was better than an ODE-based model [Sousa et al. 2023]. This ongoing work employs
the hybrid model approach but with a real-world model instead of a toy model. It aims
to investigate the performance of this approach when a data-driven component is used
to capture the missing signals from a submodel of a real one, in this case, the cell cycle
model [Iwamoto et al. 2011] with 54 proteins and 126 reactions. From this model, a sub-
model was created, compressing five proteins and ten reactions. A universal differential
equation (UDE) was defined, where the neural network was employed to predict the miss-
ing signal from the ODE model from those five proteins. Initial results showed that the
hybrid approach still got better than the ODE-based model, even though some of the pro-
tein predictions still need improvement. Thus, UDEs demonstrate the ability to capture
missing signals. This ongoing work aims to improve the methodology for training these
models and address the associated challenges. The goal is to advance hybrid modeling,
making it a powerful tool in computational biology with implications for disease research
and therapeutic development.

Keywords: Scientific Machine Learning , First-principle Modeling , Universal
Differential Equation , Inverse Problem , Cell Signaling Pathway
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Shotgun metagenomic sequencing allows for the detailed analysis of microbial communities
directly from environmental samples, providing a comprehensive view of both microbial
diversity and the present metabolic functions. The assembly and study of reconstructed
genomes from metagenome-assembled genomes (MAGs) are crucial for characterizing
uncultivable microorganisms, elucidating their ecological roles, and understanding their
interactions within complex systems. In agricultural soils, MAG analysis is particularly
relevant due to the essential role that microorganisms play in nutrient cycling, soil health,
and plant growth promotion, directly impacting crop productivity and sustainability (Setubal,
2021). BASALT, a new bioinformatics tool (QIU et al., 2024), was used for metagenomic bin
refinement. It offers an innovative approach to recovering microbial genomes from complex
environmental samples. BASALT is expected to enhance genomic reconstruction efficiency,
with lower contamination and higher completeness, outperforming traditional tools. Some
bioinformatics tools (as MetaPhlAn e Kraken) were compared, aiming to address biologically
relevant agricultural questions, such as the influence of the microbiome on soil fertility and
crop performance.
This study focused on soil samples from three Argentine provinces (Santa Fé, Buenos Aires,
and Córdoba) and from different regions in Brazil, covering crops such as soybean, corn,
sugarcane, citrus and common bean. Preliminary results from MetaWrap bin refinement
showed significant variations in microbial communities, influenced by both crop type and
geographic location. Nitrogen-fixing species predominated in soil samples cultivated with
soybeans, while other regions exhibited greater diversity of organisms involved in nitrogen
cycling and organic matter decomposition.
These results were compared with those obtained after BASALT refinement, and an
expressive enhancement in the number of generated bins was evident, providing more
accurate data and enabling new insights into agricultural microbiology and bioinformatics.
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Introduction 
Cognition involves a range of mental processes crucial for human functioning, with the 
prefrontal cortex (PFC) playing a central role. Several genes crucial for cognitive functions are 
implicated in neuropsychiatric disorders, i.e., autism spectrum disorder (ASD), Bipolar 
Disorder (BD), Major Depressive Disorder (MDD), Schizophrenia (SCZ), Alzheimer’s Disease 
(AD) and Parkinson Disease (PD). The significant genetic overlap among disorders suggest 
a strong genetic basis. Yet, how these overlapping genes interact in individuals affected by 
neuropsychiatric remains largely unknown. Transcription factors (TFs), which play a role in 
brain development and gene regulatory processes, has shown enrichment in this context. 
Cognitive disorders are intricate and polygenic. Therefore, network analyses are essential for 
unraveling the genetic interactions involved. In this study, we focus on the TFs' impact and 
their coexpression patterns on disease networks, aiming to pinpoint TFs specific to selected 
neuropsychiatric disorders (signature TFs). To achieve this, we conducted a thorough analysis 
of the genetic and regulatory overlap among mental disorders. We first assessed disease 
similarity by calculating gene-disease overlap and network separation for each disease pair 
based genetic association. Next, we construct their coexpression networks, employing 
rigorous statistical filtering and consensus network methods to ensure reliability. By comparing 
these networks, we identified biomarkers for each disorder. 
Results 
We mapped out 50 neuropsychiatric disorders to their associated genes, creating a bipartite 
network of disorders and their associated genes. We next assessed genetic disease similarity 
using Jaccard Similarity and disease separation based on protein-protein and their non-coding 
mediated interactions (PPI & NCI1). Diseases were considered connected if they had a 
significant overlap in their associated genes and if their networks were in the same topological 
region, revealing a strong genetic and network overlap among neuropsychiatric disorders. 
Additionally, we found diseases clusters in the same manner as the DSM-5 main chapters. 
We focus on the psychotic and neurodegenerative cluster, observing a high genetic overlap 
within the cluster. Notably, MDD shared a significant portion of its genes with AD, PD, SCZ, 
and BIP, suggesting a central role for MDD in this network of disorders. 
To investigate the regulatory overlap among mental disorders in the psychotic and 
neurodegenerative cluster, we collected transcriptomic data from patients' PFC across 26 
studies, covering six diseases and healthy controls. We ensure data integrity by processing 
each data independently. We identify next consistent gene relationships within each disease 
and disease-specific relationships, leading to the identification of signature genes. 
Given the significant impact of non-coding GWAS signals on gene expression, and the 
importance of TFs to mental disorders, we focused our network analyses on approximately 
3000 TFs. We constructed 61 independent TF-TF networks, one for each condition per study, 



 
using the weighted topological overlap (wTO2,3). We then consolidated the most reliable links 
into six Consensus Networks (CNs2), combining TF-wTO networks from different datasets.  
We next use the CNs to identify specific links and nodes for each mental disorder compared 
to healthy controls, employing coexpression Differential Network Analysis (CoDiNA4,5). 
CoDiNA integrates TF-wTO networks in a comparative manner, classifying links and nodes 
based on their specificity within each network. Specifically, α represents conserved functional 
relationships, β indicates functional relationships that have changed under certain conditions, 
and ɣ represents interactions specific to one network. We next focus on understanding the 
similarities, differences, and specificities of TF co-regulation patterns between controls and 
neurodegenerative disorders (AD and PD), as well as psychiatric disorders (ASD, BD, MDD, 
and SCZ). This analysis provides insights into the unique regulatory mechanisms underlying 
each disorder, revealing key biomarkers and therapeutic targets. 
To understand how gene coexpression networks change in the neurodegenerative diseases, 
we compared TF-wTO networks of AD and PD with healthy controls using CoDiNA. We found 
301 TFs specific to AD, 58 specific to PD, and 16 shared between both. The AD-specific TFs 
are enriched for cell cycle, differentiation, and brain development. PD-specific TFs are 
involved in myelination, mitosis regulation, and stress response. For psychiatric disorders, 
only 31 TFs are common across all networks. However, several specific TFs are identified 
ASD has 493 specific TFs, MDD has 248, while SCZ and BIP have 21 and 2, respectively. 
TFs enriched in SCZ are involved in dendrite morphogenesis, and synaptic development. 
Conclusion 
We investigated the genetic overlap of fifty mental disorders and their associated genes, 
finding that diseases cluster into modules which largely agree with DSM-5. For one disease 
module, which contains AD, PD, SCZ, MDD, ASD and BIP, we analyzed similarities and 
differences in their co-expression TF networks in the PFC. We found less overlap between 
the diseases at this regulatory level than at the genetic level, suggesting that more signature 
genes, here TFs with disease specific interactions, can be found by the analysis of 
coexpression patterns. These coexpression networks overlap very well with known PPI 
lending additional support for the validity of our results. Importantly, known gene functions and 
biological processes enriched among signature TFs and their disease specifically co-
expressed genes agree very well with the known molecular underpinnings of the diseases. 
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INTRODUCTION: Frailty is an aging-related syndrome characterized by increased

vulnerability and mortality, resulting from the loss of functional biological reserves. The

genetics of the syndrome is not well understood, and its heritability varies between 19-46%

in different studies (Sathyan; Verghese, 2020). NOTCH1, a gene that encodes a NOTCH

receptor 1, plays a crucial role in the embryonic development, cell fate decision and

maintenance of stem cells pool and appears to be important in the aging process. Although

a recent study identified higher levels of NOTCH1 in plasma as a protective factor against

frailty in middle-aged individuals (Liu et al., 2024), there are still no studies that have focused

on the gene's involvement with the condition. OBJECTIVE: Determine whether single

nucleotide polymorphisms (SNPs) in the NOTCH1 gene are associated with the frailty

phenotype. METHODS: Older adults from the Health, Well-being, and Aging (SABE) cohort

in São Paulo were stratified into frail and robust groups according to the frailty classification

based on the Fried Frailty Criteria (FF). Data were obtained from a standardized

questionnaire and whole-genome sequencing to identify genetic variants. The variants and

frequencies were deposited in ABraOM - Brazilian Online Archive of Mutations. We filtered

SNPs located at the start and end positions of NOTCH1 and within 50Kb on both sides. We

excluded Indels and unannotated SNPs. We selected SNPs with a minor allele frequency

(MAF) of 0.01 or greater, Hardy-Weinberg equilibrium (p>0.05) and r²≥0.8. Of the total 976

elderly individuals, 495 were excluded for being considered pre-frail. A total of 481 elderly

individuals were included, with a median age of 69.12 years, of which 320 were women

(66.5%), and 103 (21.14%) were frail. Statistical analyses were performed in R 4.4.1, and

SNP-based association analysis was conducted using the R package SNPassoc. A total of

242 tag SNPs were analyzed. RESULTS: The intergenic SNPs located upstream NOTCH1

rs56235385 and rs7021438 were associated respectively to FF and slowness, and

weakness. Additionally, we found the SNP rs1127152, located at 3’UTR of SEC16A, in



association with low physical activity. The GTG haplotype was associated with lower risk of

being frail (OR=0.7, 0.5-0.98) (p=0.039). In silico functional analysis predicted the regulatory

potential of these SNPs in rSNPBase, as well as the presence of enhancer markers in

muscle and brain in RegulomeDB, and eQTL data for rs7021438 and rs1127152, which also

presented sQTL in GTEx portal. Alteration of transcription factor binding site (TFBS)

analysis performed in FABIAN-Variant suggests that the alternative allele of the SNP

rs56235385 increases the binding affinity of the region with SOD1, a transcription factor (TF)

known to neutralize free superoxide radicals. CONCLUSION: The variants rs56235385,

rs7021438 and rs1127152, located near the NOTCH1 gene were associated with FF. The

GTG haplotype appears to be protective against frailty. The results suggest that the

regulatory region of NOTCH1 may be important for the development of frailty.
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Predicting aggregation region in proteins with machine learning
based on tertiary structure: web platform
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Protein aggregation is a relevant biological problems. There are several tools on
literature to predict protein aggregation, some ones are: i) NET-Cssp: uses amino
acid sequences to predict secondary protein structures, helping to identify regions
that could contribute to aggre- gate formation ii)Betascan that estimates the
propensity of a sequence to form specific secondary structures, particularly β-sheets
which are often associated with protein aggre- gation ii) Tango: Simulates mutations
and environmental conditions to predict aggregate formation, while others, like
Pasta, assess the propensity to form β-sheets and the over- all aggregation tendency,
providing a comprehensive view of the likelihood of aggregate structure formation;
iv) Aggrescan that a concentrates on calculating the average propen- sity in the
vicinity of amino acids, providing insight into how the environment of residues
might have influenced aggregation; v) Zyggregator is Similar to Aggrescan, it
calculates the average propensity in the vicinity of amino acids, helping to identify
regions with a higher likelihood of forming aggregates.[Navarro and Ventura 2022].
Our group have developed a tool called MAGRE-I for such predictions, based on
the machine learning and sliding window techniques. We have applied the Support
Vector Machine algorithm to generate classification models. We utilized information
of primary structure - protein sequence - from the Amyloid Data [Moreira et al.
2019]. In this project, we are developing a web application to integrate the
functionalities of MAGRE I and MAGRE II. This application will allow users to
evaluate aggregation tendencies using amino acid sequences and/or tertiary
structures.
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PREDICTIVE MODELING OF POST-COVID-19 HAIR LOSS: INSIGHTS FROM
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Objective:
This study aims to investigate post-COVID-19 hair loss by leveraging machine learning techniques
to identify key factors contributing to its occurrence and propose prevention strategies1. Multiple
algorithms will be evaluated to determine the best-performing model for predicting and
understanding the primary drivers of hair loss following COVID-19 infection.

Methods:
A total of 206 patients were selected (Mild COVID: 55, Moderate: 60, Severe: 91) between
November 2020 and December 2021, confirmed by RT-PCR, aged over 18 years, without acute
symptoms for at least 30 days post-infection, and unvaccinated (not having received a two-dose
series). All participants signed informed consent forms, completed an online questionnaire, and
provided biological samples (CAAE: 37094020.6.0000.5060). Between March and July 2023,
participants were contacted again to complete a follow-up questionnaire on Long COVID. A total of
19 parameters (sociodemographic, comorbidities, and biomarkers) were assessed. The machine
learning tools used included Support Vector Machine (SVM), Logistic Regression with Elastic-Net
(EN), Random Forest (RF), Extreme Gradient Boosting (XGB), and Light Gradient Boosting
Machine (LGBM), utilizing the SMOTENC resampling technique Models were evaluated based on
AUC, Accuracy, F1-score, Recall (R), and Precision (PR)1,2. Risk prediction was performed using
Stepwise Logistic Regression (SLR) and Chi-square test or Fisher’s exact test. The sequel
analyzed was hair loss N=66.

Results: Machine Learning: Best results were observed with RF (F1=0.81; AUC: 0.78;), XGB
(F1: 0.79; AUC: 0.79), EN (F1: 0.79; AUC: 0.79), SVM (F1: 0.79; AUC: 0.78), and LGBM (F1: 0.77;
AUC: 0.79). Important variables for RF: gender. Stepwise Logistic Regression (P<0.05): Severe
clinical spectrum (CS) (OR: 10.09, CI: 3.43-33.10), female gender (OR: 22.87, CI: 9.26-64.39).
Chi-square test or Fisher’s exact test (P<0.05): female gender P < 0.001 and Von Willebrand
Factor (VWF) (%) P=0.009.

Discussion: The RF model performed best, showing robustness for complex datasets with
multiple variables. Logistic Regression highlighted female gender as the most significant predictor,
which aligns with known associations between hormonal factors and hair loss. Moreover, VWF was
a critical factor, potentially linking vascular injury to post-COVID-19 hair loss. This suggests that
endothelial damage and microvascular dysfunction may play essential roles in the condition.
Further studies are required to explore the precise role of VWF and other biomarkers in
post-infection hair loss. These findings indicate that interventions targeting vascular health, nutrient
replenishment, and environmental control could improve hair loss outcomes.

Conclusion: Selecting the most appropriate algorithm depends on the dataset characteristics,
Nutrient replenishment and controlling environmental factors. However, further studies will be
necessary to fully understand the long-term effects and the most effective interventions for hair
loss management post-infection.



Keywords: Machine learning, Long COVID, Logistic regression, Hair loss.

References

1. PUROHIT, Manoj; MADIRAJU, Praveen. (2023). Predicting Mental Health Disorders Post
Long COVID Diagnosis Using Advanced Machine Learning Techniques. In: 2023 IEEE
International Conference on Big Data (BigData). IEEE. p. 4954-4962.

2. CHAWLA, Nitesh V. et al. (2002). SMOTE: synthetic minority over-sampling technique.
Journal of artificial intelligence research, v. 16, p. 321-357.

3. BREIMAN, Leo. Random forests. (2001). Machine learning, v. 45, p. 5-32.
4. Rahmati, M., Udeh, R., Yon, D. K., Lee, S. W., Dolja-Gore, X., McEVoy, M., Kenna, T.,

Jacob, L., López Sánchez, G. F., Koyanagi, A., Shin, J. I., & Smith, L. (2023). A systematic
review and meta-analysis of long-term sequelae of COVID-19 2-year after SARS-CoV-2
infection: A call to action for neurological, physical, and psychological sciences. Journal of
medical virology, 95(6).



 
 

SP crime: A Python package for merging São Paulo criminal and medical data 

 

Maria Laura Gabriel-Kuniyoshi1, David Corrêa Martins-Junior2, Sérgio Nery 

Simões3, Helena Brentani1 
1Instituto de Psiquiatria – Faculdade de Medicina da Universidade de São Paulo 

(FMUSP) São Paulo – SP – Brazil 
2Centro de Matemática Computação e Cognição – Universidade Federal do ABC 

(UFABC) Santo André – SP – Brazil 
3Instituto Federal do Espírito Santo (IFES) – Serra, ES – Brazil 

 

Since a violent environment may relate to negative health outcomes, it is important to integrate 

criminal and health data. In São Paulo (SP) state, the Public Security Secretariat (SSP) 

publicly provides data, but it is unprocessed tables or through a purely visual interface. 

Scientists and journalists who analysed such data deliver the results, but not the code or any 

processed table-formatted database. Thus, healthcare scientists from SP urge for an open-

source database with usable formats and updated information. Here, we present SPCrime, a 

Python package that processes SP criminal data and was designed to integrate it into medical 

databases. The tool processes raw data of the SP-SSP — which consists of individual records 

for each police occurrence — and calculates the frequency of 21 felony categories and three 

macro-categories (robbery/theft, lethal intentional violent crimes, and non-lethal intentional 

violent crimes). We normalized the rates by inhabitants of 645 municipalities of SP state and 

96 districts of SP city. Given a dataset containing the postal codes of each patient, SPCrime 

returns the crime rates in their place of residence. The tool can be used along the Pandas 

library. In a test on a standard computer, SPCrime processed one year worth of SP-SSP data 

in 48 minutes. Then, it took <1 second to map the postal code of 307 patients and add the 

crime rates to the dataset. We envision that this tool will help healthcare scientists and that it 

can be extended to other areas such as criminology. The SPCrime package, source code, 

and documentation are freely available at https://github.com/marialgk/SPCrime. 
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The Role of Indel Variants in COVID-19: Unveiling Frequency Patterns and Potential Clinical
Significance
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Introduction: Insertions and deletions (InDels) remain a largely unexplored frontier in
structural biology. While frequently associated with various pathological phenotypes, studies
on InDels and their structural impacts are still limited, particularly in the context of COVID-19
(Zheng Zhang et al. 2016). Objective: To map the percentage of inDels in a COVID-19
cohort. Methodology: A total of 300 individuals were sequenced (CAAE
37094020.6.0000.5060). The initial filtering of variants was performed using VCFtools
(v0.1.16) (Danecek et al. 2011), isolating only inDels from the VCF file. Subsequently, a
second filter was applied with bcftools (v1.9) to ensure variant quality (QUAL > 30 and DP >
10). The filtered variants were converted to ANNOVAR format and annotated using
databases like refGene, enabling the identification of inDels and their potential functional
consequences. The reference genome used was HG38. Results: A total of 27,974 inDels
were identified. Of these, 24.82% occurred in exonic regions, with 21 inDels (0.08%)
classified as exonic/splicing. Most exonic inDels were nonframeshift deletions (31.23%) and
nonframeshift insertions (20.94%). Frameshift deletions accounted for 21.73% and
frameshift insertions for 12.22%. Additionally, stopgain inDels (2.29%) and start loss inDels
(0.28%) were identified. In ncRNA (exonic) regions, 799 inDels (2.86%) were found. In
intronic regions, 56.53% of inDels were observed, with 5.37% and 2.78% in UTR3 and
UTR5, respectively. Non-coding RNA (ncRNA) intronic regions represented 827 inDels
(2.96%). Splicing regions contained 253 inDels (0.90%). Intergenic regions accounted for
720 inDels (2.57%), while 225 inDels (0.80%) and 70 inDels (0.25%) were found in upstream
and downstream regions, respectively. An additional 12 inDels (0.04%) were identified in
both upstream and downstream regions. Discussion: InDels may have a more severe
impact than point mutations, particularly when they occur in regions essential for maintaining
protein stability (Jilani et al. 2022). For example, frameshift inDels can severely disrupt
protein function, potentially leading to pathogenic outcomes, while those in non-coding
regions can affect gene regulation and splicing (Zheng Zhang et al. 2016). This analysis is
especially relevant for understanding infectious diseases like COVID-19, where variants
affecting key immune system genes or inflammatory response may influence the severity of
infection. Conclusion: Studying inDels is important due to their impact on gene function and
regulation across various diseases. Frameshift and stopgain inDels can lead to truncated or
dysfunctional proteins. Future steps will involve comparing these results with control group
data to determine whether InDel distribution varies in individuals with severe COVID-19,
potentially clarifying the clinical roles of these elements in diverse infection outcomes.
Keywords: COVID-19, Indels, Genetic, Bioinformatics.
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Cancer is recognized as a systems biology disease, requiring an integrated view for its
study, such as that provided by network medicine [Hornberg et al. 2006, Laubenbacher et al.
2009]. By applying network science techniques, network medicine has significantly
contributed to advances in cancer research, particularly by comparing gene expression
profiles across different cancer types [Barabási et al. 2011]. Since the early 2010s, a
comparative approach known as pan-cancer analysis has gained prominence, with network
medicine analytical tools playing a pivotal role [Cancer Genome Atlas Research Network et
al. 2013]. Additionally, microRNAs are crucial for cancer biology, acting as regulators of gene
expression and establishing themselves as important cancer biomarkers and therapeutic
targets [Hayes et al. 2014]. Our study focuses on the DLK1-DIO3 genomic region, a source
of multiple microRNAs identified as tumor suppressors in distinct cancer types [Alves et al.
2024]. To our knowledge, no pan-cancer analysis grounded in network medicine has
specifically targeted a genomic region before.
However, there are open challenges associated with using network-based approaches in
pan-cancer research. In our proposal, we argue that a key challenge lies in applying
topological network analysis in this context, especially when different cancer types are
compared. To address this gap, we propose a topology-based axis to study and compare
several cancer networks systematically. To uncover the recurrent topological patterns
involving DLK1-DIO3-derived microRNAs, our comparative axis leverages a uniform
application of topological metrics and structure detection strategies in these networks. We
are using transcriptome profiling data from The Cancer Genome Atlas projects to model
RNA-RNA interaction networks. Our topology-based comparative approach will elevate
pan-cancer analysis to a holistic level, taking advantage of the complex system properties
inherent to cancer. Instead of focusing on fine-grained interactions, we will compare these
cancer networks based on their global organizational and structural characteristics. For
instance, we will identify global network hubs, uncover the most recurrent ones, and
determine their functional roles across cancers.
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The development of genome-wide molecular methods in the last two decades has greatly 

improved our understanding of biological processes relevant to human health and the 

alterations that drive cells and tissues to a disease state. Our particular focus is the study of 

the molecular basis of aging and reproductive history as major risk factors of ovarian cancer 

(OC). As with several other cancers, the incidence and mortality of sporadic OC increases 

with aging -a non-modifiable risk factor- reaching a peak during the post-menopause. OC 

progression usually involves hemorrhagic ascites with intraperitoneal dissemination where a 

common metastatic niche is the greater omentum. In this work, we performed a transcriptomic 

study of the aged female mouse omentum aiming to identify dysregulated genes that might 

promote ovarian cancer metastatic invasion. Over 5-hundred differentially expressed genes 

were detected between aged and young omenta. Distinct genesets involved in cytokine 

response and neutrophil degranulation were up- and down-regulated with age. Genes 

involved in PPAR and insulin signaling, lipid metabolism and glucose homeostasis were up-

regulated while genes related to collagen catabolism and structure, ECM remodeling, cell 

proliferation and ATP synthesis were down-regulated in the aged omentum. Dysregulated 

gene expression suggested age-dependent changes in the diverse cell types comprising the 

omentum, particularly macrophages, fibroblasts, endothelial and T-cells. GEO datamining 

uncovered 22 out of 42 of the lipid and glucose metabolism genes also upregulated in studies 

related to the OC response to azacitidine and talazoparib, olaparib resistance and the effect 

of PARP inhibitors on growth of BRCA2-deficient cells and tumors. Based on available gene-

function knowledge, we conclude that the aged omentum develops a fibrotic, chronically 

immune-activated state supported by fatty acid catabolism with signs of insulin resistance and 

dysregulated glucose utilization. In this scenario, immunosuppression and chemotherapy 

resistance would be enhanced thus facilitating the invasion of metastatic OC cells.     
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Metazoans, as multicellular organisms, face the constant challenge of cellular loss due to homeostatic renewal,
injuries, or diseases. This involves cooperation between cells, which is guided by morphogenetic fields—
chemical and physical patterns that direct growth, positioning, and shape. In this context, cancer can emerge
when the organism fails to maintain order, also co-opting characteristics of biological regeneration, such as
compensatory apoptosis and others. This abstract aimed to answer the following question: "How can the
interactions between cancer and regeneration from a holistic perspective, through systems biology, provide
valuable insights for using tumors in diverse treatments, demanding comparative methodologies?" To address
this, protein interaction networks were constructed, according to the method standardized by our research group,
using genes/proteins from the Regeneration Roadmap and REGene databases, in association with cancer-related
genesets from Monarch (MONDO:0004992) and Disease (DOID:162). In summary, three networks were
obtained—two for cancer (Monarch and Disease) and one for regeneration—and were compared, highlighting
common genes/proteins with similar colors. A network with an mean degree of 19 was obtained, agreeing with
mathematical parameters of graph and biological network theory. Functionally, pathway enrichment associated
the regeneration-cancer relationship with processes/mechanisms linked to cellular and molecular structures (e.g.,
HuR binds and stabilizes mRNA, chromosome, membrane raft, cell cycle, DNA-binding, signal transduction),
signaling pathways (e.g., MAPK, Wnt, TGF-beta receptor, PI3K-Akt, Notch, G protein-coupled serotonin
receptor, SMAD binding and retinoic acid binding), development and regeneration (e.g., cell population
proliferation, muscle organ development, axon guidance, neuron projection, and response to mechanical
stimulus), metabolism and diseases (e.g., purine metabolism, peptide hormone metabolism, drug metabolism,
chemical carcinogenesis, osteoblast), and other functions (e.g., apoptotic process and regulation, SUMOylation
of DNA replication proteins, and chondroitin sulfate binding). Based on the results obtained, there is a shared
mechanistic process in which there are cooperative and interactive arrangements permeating biochemical,
biophysical, and biological regulations under an entropic trend inducing resilience capable of directing the
dynamics of shared states between cancer and regeneration. The superexpression of the gamma retinoic acid
receptor, which influences cell proliferation and anti-apoptosis. It also emphasizes the integration of cell cycle
control with specific genes (FOS, JUNB, WNT4) and cellular senescence, regulated by epigenetic factors,
tracing senescence as an intermediate state. Key signaling pathways like WNT, Notch, MAPK/ERK, and PI3K-
Akt, along with hormone modulation, contribute to adaptive responses such as oxidative stress. Plasticity acts as
a crucial link between cancer and regeneration, relying on stable post-transcriptional modifications and factors
like HuD protein. And the common point between regeneration-cancer comes from the characteristic of cellular
reprogramming that direct either pre-cancerous or regenerative/rejuvenating processes, depending on immune
privileges and the normalization of morphogenetic fields. In light of this, this shared mechanistic program offers
potential for innovative therapeutic approaches and demand for the inclusion of multidisciplinary and
collaborative strategies in translational oncology, with constructivist algorithmic models, expanding the level of
perception extracted from high-resolution genetic and functional data, as well as comparative studies with
models that bring together these two themes, such as cnidarians (e.g. genus Hydra), offering potential innovative
therapeutic approaches.

Keywords: Regeneration. Integrative Oncology. Comparative Study. Biological Evolution. Systems Biology.
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In Network Medicine, hereditary diseases are conceptualized as perturbations that originate 

within specific regions of the protein-protein interaction network (interactome), known as 

disease modules. Identifying these modules is crucial for understanding disease mechanisms 

and predicting disease genes [1]. Similarly, a drug binding to a protein target causes 

perturbations that propagate through the interactome.  

We present Verdict, an interactive visualization tool designed to analyze diseases, drug 

targets, and custom protein groups within the human interactome. Verdict also enables 

researchers and clinicians to apply algorithms for predicting disease-related genes and drug 

targets, contextualizing these predictions within the interactome to facilitate hypothesis 

generation and experimental testing. In particular, disease genes predictions are obtained 

using Cardigan [2], a state-of-the-art prediction method and drug targets predictions are 

obtained using our in-house drug target prediction algorithm [3].  

Verdict also offers metrics such as disease similarity based on the Caniza measure [4] and 

graph kernel methods that can quantify the similarity and proximity of nodes within the 

interactome, thus enhancing our understanding of the relationships between diseases. 

Functional profiling through over-representation analysis of Gene Ontology terms and 

Anatomical Therapeutic Chemical (ATC) categories [5] is also provided to further contextualize 

protein groups. Integrating data from OMIM [6], Entrez [7], UniProtKB [8], and DrugBank [9], 

and incorporating extensive similarity scores and gene predictions, Verdict provides a 

comprehensive overview of over 10,120 diseases, 19,700 proteins, 773,500 interactions, and 

5,800 drugs within a single, accessible platform. This will enable scientists to formulate new 

research hypotheses through interactive exploration of the interactome, and enhance our 

understanding of disease pathology. 

 

Keywords: Network Medicine, Disease Modules, Interactome Visualization, Disease Gene 
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‭Improvement of the assembly and Annotation of the‬‭Trypanosoma cruzi‬
‭Genome Using Hi-C Data‬
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‭The‬ ‭protozoan‬ ‭Trypanosoma‬ ‭cruzi‬‭,‬ ‭the‬ ‭causative‬ ‭agent‬ ‭of‬ ‭Chagas‬ ‭disease,‬ ‭has‬ ‭a‬ ‭highly‬
‭complex‬ ‭and‬ ‭repetitive‬ ‭genome,‬ ‭posing‬ ‭significant‬ ‭challenges‬ ‭for‬ ‭downstream‬ ‭analysis.‬
‭Existing‬ ‭genome‬ ‭assemblies‬ ‭for‬ ‭T.‬ ‭cruzi,‬ ‭Dm28c‬ ‭strain,‬ ‭contain‬ ‭636‬ ‭contigs‬ ‭and‬ ‭53.2‬‭Mb,‬
‭raising‬ ‭concerns‬ ‭about‬ ‭the‬ ‭quality‬ ‭and‬ ‭contiguity‬ ‭of‬ ‭the‬ ‭assembly.‬ ‭To‬ ‭address‬ ‭these‬
‭limitations,‬‭we‬‭used‬‭chromosome‬‭conformation‬‭capture‬‭techniques‬‭(Hi-C‬‭dataset)‬‭to‬‭improve‬
‭the‬‭genome‬‭assembly.‬‭By‬‭integrating‬‭Hi-C‬‭data‬‭with‬‭PacBio‬‭long‬‭reads,‬‭we‬‭reassembled‬‭the‬
‭genome‬ ‭using‬ ‭Minimap2,‬ ‭scaffolded‬ ‭with‬ ‭Hi-C‬ ‭data‬ ‭through‬ ‭YaHS,‬ ‭and‬‭performed‬‭manual‬
‭curation‬ ‭with‬ ‭Juicebox.‬ ‭This‬ ‭process‬ ‭removed‬ ‭duplicated‬ ‭contigs‬ ‭and‬ ‭refined‬ ‭the‬ ‭scaffold‬
‭structure,‬‭resulting‬‭in‬‭a‬‭new‬‭assembly‬‭with‬‭99‬‭scaffolds‬‭(N50‬‭835‬‭Kbp,‬‭compared‬‭to‬‭347‬‭Kbp‬
‭previously).‬‭We‬‭comprehensively‬‭annotated‬‭genomic‬‭features‬‭by‬‭applying‬‭an‬‭in-house‬‭script‬
‭based‬ ‭on‬ ‭BLAST‬ ‭analysis‬ ‭leading‬ ‭to‬ ‭the‬ ‭identification‬ ‭of‬ ‭802‬ ‭non-coding‬ ‭RNAs‬ ‭(such‬ ‭as‬
‭tRNAs,‬‭rRNAs,‬‭and‬‭snoRNAs)‬‭and‬‭14‬‭telomeric‬‭sequences‬‭identified‬‭by‬‭performing‬‭BLASTn‬
‭searches.‬ ‭Additionally,‬ ‭we‬ ‭investigated‬ ‭centromeric‬ ‭regions‬ ‭using‬ ‭ChIP-seq‬ ‭data,‬ ‭focusing‬
‭on‬ ‭co-localization‬ ‭with‬ ‭repetitive‬ ‭sequences‬ ‭enriched‬ ‭in‬ ‭these‬ ‭regions.‬ ‭In‬ ‭summary,‬ ‭the‬
‭improved‬ ‭genome‬ ‭assembly‬ ‭demonstrated‬ ‭increased‬ ‭completeness,‬ ‭as‬ ‭evaluated‬ ‭by‬
‭BUSCO,‬‭and‬‭the‬‭refined‬‭annotation‬‭provided‬‭deeper‬‭insights‬‭into‬‭telomeric‬‭and‬‭centromeric‬
‭regions.‬ ‭This‬ ‭enhanced‬ ‭assembly‬ ‭and‬ ‭annotation‬ ‭represent‬ ‭a‬ ‭valuable‬ ‭resource‬ ‭for‬‭future‬
‭studies on the biology and pathogenicity of‬‭T. cruzi‬‭.‬

‭Keywords:‬‭(T. cruzi, Genome, Hi-C, Assembly, Annotation)‬
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Since RNA function is often linked to structure, selection acts to preserve RNA structures
throughout  evolution.  Typically,  individual  base  pairs  are  conserved  leading  to  similar
structure formed by homologous sequence elements [Parsch et al.  2000, Washietl  et  al.
2005,  Rivas  et  al.  2017].  In some cases,  however,  it  has been observed that  structural
elements appear shifted with respect to the sequence so that analogous base pairs are no
longer formed by homologous nucleotides. In order to better understand the prevalence of
this kind of evolutionary incongruence, we explore here the possibility of generating shifted
helices by introducing random mutations into RNA sequences.  Our analysis reveals that
helix shift in response to a small number of mutations is not an overly rare phenomenon,
albeit  it  is less frequent  than perfect structural  conservation. Helix  shifts thus are readily
accessible  to  evolutionary  processes.  We  propose  that,  alongside  established  models
focusing on compensatory mutations, new approaches are required to detect and evaluate
instances of incongruent evolution.
Towards  that  goal,  we  propose  the  concept  of  "Bi-alignments"  as  model  for  such
incongruence  [Waldl  et  al.  2020]:  The  key  idea  is  to  represent  sequence  and  structure
homology by separate alignments, U and V, linked together by an an intermediary alignment
W that represents the shifts between the sequence and the structure of the individual RNAs. 
Bi-alignments can be computed  efficiently, requiring only a constant-factor increase in effort 
compared to individual alignments when shift limits are imposed. By integrating established 
heuristics and sparsification techniques, we can implement an efficient Sankoff style bi-
alignment model that can reliably compute (potentially shifted) consensus structures and 
sequence homology[Sankoff 1985, Will et al. 2007]. This approach provides a robust 
framework to further study incongruence in sequence-structure evolution.

Keywords: RNA secondary structure, RNA alignment, incongruent evolution
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