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FOREWORD 
 

 

The Bioinformatics and Genomics Symposium is a conference held every year since 2013 with the aim of 

promoting the development of bioinformatics and genomics and their application. The main objective of this 

meeting is to promote scientific interaction between different groups, presenting the excellent research carried 

out in bioinformatics and genomics, as well as advances in our understanding of the genome in humans and other 

organisms, new technological developments, applications, and the impact of genomic data in evolutionary 

biology, among other areas. Originally designed to bring together world specialists in the subject, this 

symposium has already been successfully organized on 9 occasions, having fallen the responsibility as hosts of 

its 10th edition to the researchers Ferran Palero (ICBiBE, UVEG) and Ana Conesa (I2SysBio, CSIC-UVEG). 

This year we intend to gather in Valencia more than 150 scientists and experts from several countries, who will 

be able to participate in the form of oral presentations and posters, as well as social events to promote 

relationships and future collaborations between attendees. We hope you will have a fruitful visit to Valencia and 

enjoy the meeting!  

 

 

The organizing Team 
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Site Plan: Everything you Need to Know 

Buses should be the preferred option if you are travelling from the “Estació del Nord” train 

station to the Aulari Interfacultatiu (Campus de Burjassot): 

https://goo.gl/maps/GDcZNf71onmvmXjd9  

 

1.  Bus: Line 63, Stop “Campus Burjassot” 

(https://www.emtvalencia.es/ciudadano/index.php?lang=en)  

2. Metro/Tram: Line 4, Stop “Vicent Andrés Estellés” 

(https://www.metrovalencia.es/ca/index.php/)  

 

Once you get to the “Campus Burjassot” (Bus) or “Vicent Andrés Estellés” (Tram) final 

stops, you just need to walk through the Facultat de Farmàcia or around the corner to reach 

the Aulari Interfacultatiu main Access, which is where the welcome/reception desks will be: 

https://goo.gl/maps/GDcZNf71onmvmXjd9
https://www.emtvalencia.es/ciudadano/index.php?lang=en
https://www.metrovalencia.es/ca/index.php/
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The Aulari Interfacultatiu will host every activity during the Symposium except the Gala 

Dinner (which will happen right in Valencia`s city heart, at the Octubre Centre de Cultura 

Contemporània, Carrer de Sant Ferran, 12; https://octubre.cat/). 
 

 
 

 
 

*Poster numbers are shown within blue circles. 

https://octubre.cat/
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PROGRAM AT A GLANCE 
 

December 15th
 

 

12:00 – 13:00  Pick up documentation at the Aulari Interfacultatiu (Campus de Burjassot). 

 

13:00 – 14:00  Welcome lunch/reception and opening of the symposium. 

 

 

SESSION I.   

 

14:00 - 14:45  Invited Lecture: Mark Blaxter (Sanger). 500 completed genome sequences from the Tree 

of Life: New genomes yield new biology. 

14:45 - 15:00  Maria Diaz Ros (UAB). Long-term inversion recurrence and segmental duplication 

conservation during mammalian evolution. 

15:00 - 15:15  Carles Galià Camps (UB). A worldwide invasive pangenome sheds light on multiple 

molecular evolutionary processes. 

15:15 - 15:30  José Miguel Serradell Noguera (UPF). North Africa demographic history through an 

ABC-DL approach. 

 

 

15:30 - 16:00  Coffee Break 

 

 

SESSION II.    

 

16:00 - 16:15 Jorge García Calleja (UPF). Exploring genetic adaptation in the iberian peninsula using a 

genome wide scan of positive selection in the GCAT data. 

16:15 - 16:30 Francesc Ganau Penella (CNAG). Can GWAS data be used to detect adaptation among 

human complex phenotypes? 

16:30 - 16:45 Sergio Andreu Sánchez (Groningen U.). Genetic, environmental and intrinsic 

determinants of the human antibody epitope repertoire. 

16:45 - 17:00 Winona Oliveros Diez (BSC). Systematic characterization of regulatory variants of blood 

pressure genes. 

17:00 - 17:15  Lorena Alonso (BSC). TIGER: The gene expression regulatory variation landscape of 

human pancreatic islets. 

17:15 - 17:30  Sponsored talk: Lluc Cabús (Floomics). Plasma cell-free RNA monitoring for the early 

detection of complex diseases. 

 

 

17:30 - 19:00  Cocktail and free poster viewing with authors 

 

 

20:00 - 22:00  Dinner at the Octubre Centre de Cultura Contemporània (https://octubre.cat/)  

  

https://octubre.cat/
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December 16th
 

 

SESSION III. 

 

9:30 - 10:15  Invited Lecture: Julio Saez-Rodriguez (Heidelberg U.). Knowledge-based machine 

learning to extract disease mechanisms from single-cell multi-omics data. 

10:15 - 10:30  Aida Ripoll Cladellas (BSC). A fast and robust statistical framework for gene-wise single-

cell differential expression meta-analysis. 

10:30 - 10:45  Paola Corbín Agustí (UV). Genome-scale metabolic models and the discovery of new 

metabolic pathways. 

10:45 - 11:00  José Camacho Páez (Granada U.). Improved statistical inference in omics analysis with 

Variable-selection Anova Simultaneous Component Analysis (VASCA). 

 

 

11:00 - 11:30  Coffee Break 

 

 

SESSION IV.  

 

11:30 - 11:45 Ferriol Calvet Riera (CRG). A universal protein-coding gene finder. 

11:45 - 12:00 Michal Zasisza Alvarez (UB). A machine learning approach to RNA-editing. 

12:00 - 12:15 Alejandra González Sánchez (Vall Hebron). Recombinant characterization of circulating 

non-polio enterovirus in Europe. 

12:15 - 12:30  Julia Hillung (I2SysBio). Accumulation dynamics of DVGS during experimental evolution 

of betacoronaviruses. 

12:30 - 12:45  Miguel Álvarez-Herrera (I2SysBio). Real-time surveillance of SARS-CoV-2: effects of 

variation in the spike N-terminal domain of variants of concern 

12:45 - 13:00  Sponsored talk: Evan Floden (Seqera Labs). Building foundational open science tools for 

the data analysis life cycle.  

 

 

13:00 - 14:30  Lunch and free poster viewing 

 

 

SESSION V. 

 

14:30 - 15:15 Invited Lecture: Yolanda Sanz (IATA). Gut microbes - many ways of speaking to the 

human host 

15:15 - 15:30 Trishla Sinha (Groningen U.). Lifelines NEXT: temporal development of the gut 

microbiome in relation to health and environment in 713 mother–infant pairs 

15:30 - 15:45 Olfat Khannous (BSC). Microbiome profiling from fecal immunochemical test reveals 

microbial signatures with potential for colorectal cancer screening. 

15:45 - 16:00 Giuseppe D'auria (FISABIO). The impact of third generation sequencing on the study of 

microbial diversity: filling the short-reads gap 
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16:00 - 16:30 Coffee Break 

 

 

SESSION VI.  

 

16:30 - 16:45 Ana Conesa (I2SysBio). Benchmarking of Long read transcriptomics methods for 

transcriptome identification and quantification: the LRGASP project. 

16:45 - 17:00 Gazaldeep Kaur (CRG). Digging into the hidden layer of the human and mouse 

transcriptomes 

17:00 - 17:15  Francisco J. Silva (UV). Tissue specific expression of antimicrobial peptide genes in 

Blattella Germanica 

 

17:15 - 17:30 Award to the best oral communication and poster and end of the symposium. 
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ABSTRACTS 

 

Oral presentations 

 

O-001: LONG-TERM INVERSION RECURRENCE AND SEGMENTAL DUPLICATION CONSERVATION 
DURING MAMMALIAN EVOLUTION 

 

Maria Diaz-Ros1, Mario Cáceres1,2 

 

1. Institut de Biotecnologia i de Biomedicina, Universitat Autònoma de Barcelona, Bellaterra 

(Barcelona), Spain 

2. ICREA, Barcelona, Spain 

Presenter e-mail: maria.diaz07@estudiant.upf.edu 

 

Genome evolution occurs through different processes, such as small sequence changes and 

larger rearrangements, which are typically considered to be unique. In particular, inversions are 

an important type of structural variant involved in phenotypic differences, speciation and sex 

chromosome evolution in diverse organisms. Recently, it has been found that human inversions 

generated by non-allelic homologous recombination (NAHR) between inverted repeats (IRs) show 

high levels of recurrence, but few studies have been made in other species, partly due to a lack 

of available high-quality genome assemblies. To understand better how this recurrence is 

generated and its potential functional role, in this work we take advantage of the newest 

genomic data in multiple mammals to investigate in detail IR conservation and inversion 

recurrence over long evolutionary distances in a large set of 58 human validated inversions 

mediated by NAHR. By analyzing five relatively close primate species, above half of the 

inversions showed recurrence. When the analysis was extended to 13 species across the 

mammalian phylogeny with longer divergence times, we found IR conservation in 18 of the 44 

analyzed inversions (41%), corresponding mostly to segmental duplications (SDs) and blocks of 

repetitive elements, and independent recurrent events were observed for eight of them, 

especially in chromosome X. Interestingly, conserved SDs tend to show considerable variation 

among species, but the two copies maintain high identity within each species, suggesting 

elevated divergence of these regions by sequence exchange and rearrangement. Our results 

therefore demonstrate that SD conservation and inversion recurrence are relatively frequent 

during mammalian evolution, opening interesting questions about the nature and functional 

consequences of this unusual phenomenon. 

  

mailto:maria.diaz07@estudiant.upf.edu
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O-002: A WORLDWIDE INVASIVE PANGENOME SHEDS LIGHT ON MULTIPLE MOLECULAR 

EVOLUTIONARY PROCESSES. 

 

Carles Galià-Camps 1,2, Tilman Schell 3, Cinta Pegueroles 1,2, Marta Pascual 1,2, Xavier Turon 4, 

Carola Greve 3,*, Carlos Carreras 1,2,*. 

 

1. Departament de Genètica, Microbiologia i Estadística, Universitat de Barcelona, Avinguda 

Diagonal 643, 08028 Barcelona, Spain. 

2. Institut de Recerca de la Biodiversitat (IRBio), Universitat de Barcelona (UB), Barcelona, 
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Biological invasions are a major threat to biodiversity. Thus, monitoring genomic features of 

invasive species is crucial to understand their population structure and adaptation processes in 

order to plan future management measures. However, the genomic resources of invasive species 

are scarce, hampering the study of the molecular bases for their success. Here, we present the 

pangenome of Styela plicata, one of the most widespread invasive species, by using whole 

genome sequencing data from 24 individuals from six populations distributed worldwide. Thanks 

to the newly generated reference genome, we characterized polymorphic inversions in four 

chromosomes, accounting for ~15% of the genome size. These inversions are spread over 

populations, and contain shared variants which prevent the detection of population structure, 

which is recovered when these structural variants are removed from the analyses. Once properly 

assessed, we detected the main biogeographic barriers, and could characterize each region's 

population structure. Moreover, we recovered three major mitogenomic clades, one of them 

with a large insertion of 1000pb with several partial genes duplicated. Finally, we tracked down 

the gene functions 1) in each chromosomal inversion, 2) driving genetic differentiation between 

biogeographic regions, and 3) underlying mito-nuclear interactions. Our results suggest that the 

structural and genetic richness yielded by this species might be responsible for its success when 

invading new habitats. The pangenome presented here will allow a better comprehension of 

invasive species, and is a starting point for understanding how intraspecific genomic and 

structural variants are related to species population structuring and adaptation processes. 
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Previous studies conducted on North African human populations have identified a complex 

demographic scenario in the region due to the location as a crossroad between the 

Mediterranean Sea, Middle East and the Sahara desert. The presence of an autochthonous 

genetic component, plus extensive migrations and gene flow from the Middle East, Europe and 

Sub-Saharan Africa, have shaped the genetic composition of its people through time. 

We built a demographic model based on deep learning in an Approximate Bayesian Computation 

(ABC-DL) framework to deduce the evolutionary history of North Africa populations, from the 

origin of the population to infer the effect of the admixture events from the surrounding 

populations, using whole genome data. The ABC framework eludes the need of estimating the 

likelihood of the data given the demographic model, like in traditional Bayesian methods, which 

could become too difficult in complex demographic scenarios like the one in North Africa. Our 

results support a model where North Africans present a most recent common ancestor with 

Middle Easterns and that increasingly complex models, with multiple demographic events, 

perform better than simpler ones in explaining the data. 
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Positive (adaptive) selection leaves particular patterns of genetic variation in our genomes. 

These genomic footprints can be detected at genome-wide level without requiring any prior 

knowledge of the selective pressures at play and independently of their corresponding genetic 

content. Here, we analyzed signatures of recent positive selection on the Catalan Genome 

(GCAT) dataset, a dataset of 800 complete genomes, sequenced at ~30X coverage from 

volunteers residing in Catalonia (Valls-Margarit et al. 2022), which we use as a proxy for the 

Iberian population. With the Singleton Density Score statistic, we detected some well-known 

European adaptive signals related to diet (SLC22A5), pigmentation (OCA2) and immunity (HLA) 

replicating in the Iberian Peninsula. However, when comparing the extended haplotype 

homozygosity of the Iberian population with that of other Europeans with the XP-EHH statistic, 

we also detected significant adaptive signals private of Iberians in the immunologic genes 

LILRA1, LILRA2 and LILRB1. This result suggests an Iberian-specific pathogen-driven selection 

pressure. By using genealogy-based methods, such as Relate and CLUES, we now plan to date 

and trace each selective event and the specific trajectories of the subjacent adaptive variants, 

to investigate whether they coincide with past pandemics in the Peninsula. 

 

Reference: 

 

Valls-Margarit et al. (2022). GCAT|Panel, a comprehensive structural variant haplotype map of 

the Iberian population from high-coverage whole-genome sequencing. Nucleic Acids Research 

50(5): 2464–2479, https://doi.org/10.1093/nar/gkac076 
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Statistical tests aiming to detect fingerprints left by past strong selective pressures on human 

genomes have been successfully used to detect several loci associated to recent human 

adaptation (<100,000 years). However, linking such events to particular phenotypes is more 

contentious. Furthermore, the power for detecting positive selection is potentially limited for 

complex phenotypes, as these are the product of a large number of variants with low biological 

relevance for the phenotype. Genome-Wide Association Studies (GWAS) provide statistically 

powerful phenotype-genotype associations for human complex phenotypes, and they have been 

suggested as an alternative for identifying candidate loci that can be used to study complex 

phenotype adaptation. 

However, GWAS are more powerful at identifying markers at intermediate frequencies and low 

biological impact in the phenotype in the discovery population. A basic question is then to which 

extend such bias can affect the conclusions obtained from statistical tests used for positive 

selection. 

Our study evaluates how useful are GWAS data when studying how adaptation shaped worldwide 

human inter-population differentiation. We used hair colour as our proof-of-concept phenotype, 

as 1) published evidence suggests hair colour was differentially selected in Europe in recent 

Prehistory and henceforth the phenotype shows large differences between human populations, 

2) large-scale GWAS support it being highly polygenic, yet 3) it behaves as a quasi-Mendelian 

trait, with few loci counting for large proportion of the variance of the trait and a large number 

of loci contribute in a modest, almost biologically negligible way. 

To study the genetic variation of this trait, we used the GWAS-significant loci from the study 

published in Nature in 2018 by Morgan et al, and retrieved the genètic variation of these loci in 

26 worldwide populations available in 1000Genomes. 

First, we observed that, contrary to what would be expected, statistically significant GWAS loci 

with large biological impact in the phenotype tends to be poorly differentiated among 

populations, whereas markers explaining modest proportions of the variance of the phenotype 

tend to strongly variate among populations. This paradox has to be interpreted in terms of the 

initial bias introduced by the GWAS SNP discovery. Second, if instead of using measures of 

genetic differentiation as proxy for positive selection for these loci we consider selective signals 

of iHS and Fay & Wu’s H, we see that population clustering by hair-significant loci does not 

differ from clustering by neutral sites matched by MAF. Hence, caution is required when 

interpreting classical signals of positive selection using GWAS data, as even complex traits with 

large inter-population variance cannot produce significant signals using this approach. 
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The human antibody repertoire can be perceived as a journal that records an individual’s 

current and past immune responses to thousands of antigens that they have been exposed to. 

Currently, we have little knowledge about genetic and environmental determinants shaping the 

human antibody repertoire and its relation with disease, especially in the context of immune 

response to the gut microbiome. To fill this knowledge gap, we applied the state- of-the-art 

phage immunoprecipitation sequencing (PhIP-Seq) technology to characterize serological 

antibody repertoires against 344,000 peptides derived from commensal gut microbes, 

pathogens and dietary antigens in a broadly phenotyped, population-based cohort (LifeLines-

DEEP, n=1,443) and a patient cohort with inflammatory bowel disease (IBD) (1000IBD, n=497). 

We demonstrated that the antibody repertoire is individual specific, consistent over time (4 

years follow-up) and is similar within individuals who are co-housing. We identified co- 

occurring networks of antibody-bound peptides with phylogenetically distinct origins, including 

those from gut microbiome, but with highly conserved motifs which might highlight a role of 

residing microbiota in the development of immune diseases via bacterial mimicry. Genetic 

analyses showed multiple human genetic variants shaping the antibody repertoire of the 

population, mainly at HLA, IGHV and FUT2 regions. In addition, phenotypic factors including 

age, cell counts, sex, smoking behavior and allergies, were associated to 544 antibody-bound 

peptides. In patients with IBD, a total of 373 peptides appeared to be significantly enriched or 

depleted in IBD patients in comparison to population controls. These peptides mainly belonged 

to bacterial flagellins, were predominately enriched in patients with Crohn’s disease and were 

able to accurately discriminate Crohn’s disease patients from population controls (AUC = 0.89). 

Our results indicate that human antibody epitope repertoires are shaped by host genetics, 

commensal microbes and environmental exposures like co-housing and smoking. We further 

highlight the role of previously undescribed antigens in relation to diseases, suggesting the 

potential value of measuring antibody-bound peptides for disease diagnostics and 

understanding their pathophysiological implications. 
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High blood pressure (BP) is the major risk factor for cardiovascular disease. Genome-wide 

association studies have identified genetic variants for BP, but functional insights into causality 

and related molecular mechanisms lag behind. We functionally characterize 4608 genetic 

variants in linkage with 135 BP loci in vascular smooth muscle cells and cardiomyocytes by 

massively parallel reporter assays. Some loci harbor hundreds of regulatory variants (i.e. ULK4, 

MAP4, CFDP1, PDE5A) suggesting that multiple variants may drive genetic association. 

Regulatory variants are enriched in repeats and alter cardiovascular-related transcription factor 

motifs. We develop an heuristic scoring system to define likely causal variants for BP genes at 

GWAS loci. Modeling allelic ratios with CRISPR prime editing we are able to link regulatory 

variants to KCNK9, SNFX2 and PCGF6 target genes that we further confirm using higher-order 

genome organization data. Our systems-level approach provides a catalogue of functionally 

relevant variants and their genomic architecture for a better understanding of blood pressure 

gene regulation. 
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The broad use of Genome Wide Association Studies (GWAS) have facilitated the discovery of a 

large list of variants associated with complex disorders. However, the vast majority of these 

signals still remain without functional interpretation, thus, representing a challenge for the 

research community. To approach this problem, gene expression variation and regulatory 

regions analyses have enhanced the detection of numerous associations between variants and 

their change in expression, and the creation of wide catalogues of disease-related regulatory 

elements, such as enhancers and promoters. Remarkably, the transcriptomic and epigenetic 

study of disease-related tissues facilitates the understanding of the molecular mechanisms 

underlying GWAS disease-susceptibility loci. This is the case of pancreatic islets from which 

progressive failure and dysfunction is related to the development of Type 2 Diabetes (T2D). 

Despite its interest to gain insights of the disease, the many complexities surrounding the 

accessibility and analysis of pancreatic islets has limited the advance on the study of the 

genetic and regulatory landscape of human islets and T2D. Here, within the context of the 

T2DSystems, a Horizon2020 Project, we developed the Translational human Islet Genotype 

tissue-Expression Resource (TIGER), a large human islets regulatory expression database 

(http://tiger.bsc.es). This database integrates, in a unique platform, the results obtained from 

the performance of extensive expression, expression quantitative trait loci (eQTL), and 

combined allele-specific expression (cASE) in 514 human islets samples, with publicly available 

summary statistics results from islets analyses, including expression array, regulatory elements, 

and other gene, variant, and disease functional information. As a result, the TIGER platform 

contains information for more than 27 million variants and 59,625 genes, and facilitates the 

search at the level of the gene and at the level of the variant. It encloses tools for visualising, 

querying, and downloading human islet data enhancing the study of T2D and other islet-related 

diseases. Therefore, representing a formidable resource to interrogate the molecular aetiology 

of beta-cell failure. 
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Cell-free RNA (cfRNA) is released into the circulation by active secretion, apoptosis or necrosis. 

In blood, cfRNA is either encapsulated inside microvesicles or forming ribonucleoprotein 

complexes, increasing its stability. Traditionally, cfRNA has been used as an analyte for cancer 

detection, but since it can derive from any tissue, its analysis can be applied to a wide spectrum 

of diseases. MicroRNAs (miRNAs) are especially useful, due to their high stability in plasma. 

PMM2-CDG is a rare disease where patients develop a cerebellar syndrome, causing long-term 

disability. It is often detected during childhood and when the symptoms are detected, its 

progression is irreversible. Therefore, early diagnosis is crucial to improve patient prognosis. 

Here we analyze the plasma circulating miRNome to generate a machine learning (ML) model 

able to discriminate between PMM2-CDG patients and healthy controls with an AUC higher than 

0.9 in both training and validation cohorts. Using regularization methods and backward stepwise 

selection, we achieve a minimal signature with great diagnostic value. 

This is the first study proposing the detection of plasma miRNAs as a non-invasive method for 

the early detection of PMM2-CDG, offering a non-invasive diagnosis for children with 

presymptomatic neurological diseases. 
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In the last decade, there has been a huge effort to build human cell atlases from different 

tissues using single-cell transcriptomics data. These atlases provide a deep molecular 

characterization of cell types but often profile many cells from one or a few donors, thus 

hampering the study of inter-individual variability. Recent technological advances enable single-

cell transcriptome sequencing of many cells from multiple individuals offering the opportunity 

to investigate cell-type-specific gene expression responses to individual traits (such as sex or 

age). However, most current single-cell methods do not address the hierarchical structure (i.e., 

cells from the same individual are not statistically independent; referred to as subsamples, or 

pseudoreplicates) of single-cell data. Here, we propose to use two-part Hurdle generalized 

linear models with random effects for individuals to account for both zero inflation and within-

sample correlation in single-cell RNA-seq data. Towards this end, we develop a statistical 

framework to conduct a gene-wise single-cell differential expression meta-analysis across 

several peripheral blood mononuclear cells datasets from the single-cell eQTLGen consortium. 

Our approach increases the statistical power to find cell-type-specific genes differentially 

expressed with sex and age while reducing the running times and memory consumption of 

single-cell mixed models. Altogether, this study addresses the pseudoreplication bias in single-

cell differential expression analysis and highlights the need to “bring the algorithm to the data” 

in the era of upcoming consortia.  
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Genomic-scale metabolic models (GEMRE) based on constraints are useful and robust 

computational tools for in silico systemic approaches to metabolic networks. The 

applications of this methodology include the prediction and phenotypic characterization of 

the modelled biological system and the discovery of new metabolic pathways. We have recently 

identified two bacteria capable of living on acetate as the sole carbon source lacking any of 

the previously described metabolic solutions to produce biomass from acetate: the 

phytopathogen Xylella fastidiosa and the polyextremophilic bacterium Exiguobacterium sp. 

Helios isolated from solar panels. In this work, the GEMRE of the two bacteria were 

reconstructed and analyzed. With this purpose, the four steps of reconstruction were 

followed: (i) automatic draft reconstruction, (ii) manual refinement, (iii) conversion into 

a computable mathematical model, and (iv) network evaluation and exploitation. The 

reconstruction of the GEMREs suggests two alternative and different, yet undescribed 

pathways for the growth on acetate. A series of experimental validations are under way in 

order to confirm the two hypotheses. In conclusion, we observe a widely multiplicity of 

pathways that make possible to live on acetate and how the models are a suitable basis for 

understanding fundamental metabolic features, thus increasing biological knowledge. 
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Statistical inference is ubiquitous in genomics and other -omics. The state-of-the-art is based 

on the procedure to control the the False Discovery Rate (FDR) by Benjamini and Hochberg [1] 

and the optimized version of the FDR by Storey and Tibshirani [2], often referred to as the q-

value. Both methods are widely popular (> 90k and >10k references, respectively, according to 

Google Scholar) and are often referred to as main promoters of the widespread application of 

genomics in science. 

The FDR and the q-value are suitable inference tools when large numbers of potential 

features (genes, SNPs, protein/metabolite abundances, etc.) are studied. The FDR or q- value 

is computed from the original p-value of a feature considering the number or distribution 

of the other p-values. Given that a p-value is intrinsically univariate, recomputation 

according to the FDR or the q-value remains univariate, and therefore it does not take into 

account the possibly complex multivariate structure underlying the data. 

A recent multivariate alternative to the FDR was proposed in [3]. The Variable- 

selection ANOVA Simultaneous Component Analysis (VASCA) method is an extension of ASCA 

that applies variable-selection using a step-up procedure inspired in [1]. In this presentation, 

we introduce the VASCA methodology and show that it provides higher statistical power 

than alternative methods in several (multi)-omics studies. 

 

[1] Benjamini, Y. and Hochberg, Y. (1995). Controlling the false discovery rate: a practical 

and powerful approach to multiple testing. Journal of the Royal Statistical Society: Series B 

(Methodological), 57(1), 289–300. 

[2] Storey, J. D., and Tibshirani, R. (2003). Statistical significance for genomewide studies. 

Proceedings of the National Academy of Sciences, 100(16), 9440-9445. 

[3] Camacho, J., et al. (2022). Variable-selection ANOVA Simultaneous Component Analysis 

(VASCA). Submitted to Bioinformatics 

[4] Smilde, A. K. et al. (2005). ANOVA-Simultaneous Component Analysis (ASCA): a new tool for 

analyzing designed metabolomics data. Bioinformatics, 21(13), 3043–3048. 
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The Earth Biogenome Project will sequence the genome of 1.8M eukaryotes. Identifying the 

genes in these genomes is essential to uncovering the species’ biology and increasing our 

knowledge of life on Earth. To capture the full transcriptional complexity, gene annotation 

methods incorporate deep RNA sequencing into complex pipelines. These require substantial 

resources, available only at a few sites, and are only partially successful, as illustrated by the 

fact that the human gene set has not yet been finalised. Moreover, functional inference on the 

biology of genomes can only be made from coding genes. Given the strong imprint that coding 

regions leave in genome sequences, ab initio methods can produce decent predictions of coding 

genes without the need for transcriptome data. We have shown that when considering all splice 

isoforms of a protein-coding gene, there is only marginal gain in the functional assignment over 

considering just one. Considering these results, we used the program Geneid in conjunction with 

a non-redundant set of proteins, and Diamond for protein-DNA comparisons, to efficiently 

predict the dominant isoform of protein-coding genes. We show that our method, GeneidX, is 

comparable to top ab initio programs, but orders of magnitude faster in vertebrates’ and 

arthropods' genomes annotated in Ensembl. Our implementation automatically estimates 

parameters required by Geneid making GeneidX a training-free program. The minimal 

computational requirements and its portability and scalability make GeneidX carbon footprint-

aware and address the equity concerns in genome diversity projects, contributing to 

empowering local communities to perform genome analysis. Also, we are running our pipeline to 

generate the genome annotations for all the species under the EBP umbrella and we are 

distributing them publicly through a data portal.  
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RNA-editing is a post-transcriptional modification of the RNA where particular nucleotides 

undergo a chemical change, thus changing the original sequence. Together with alternative 

splicing, RNA-editing is one of the mechanisms that allows for a flexible genome with a single 

gene being able to produce different mature transcripts. While there are other types of editing 

across Eukaryotes, our focus is on the adenosine to inosine editing mediated by the ADAR 

protein family, that is the most prominent form of editing in metazoans. Synthesis-based RNA 

sequencing techniques cannot directly detect inosines, appearing as guanosines in the 

sequencing output. A standard way of detecting editing involves comparing the reads of DNA 

and RNA sequencing from the same individual organism in order to confidently classify the A-to-

G changes detected as polymorphisms or A-to-I editing. This approach relies on the availability 

of RNA and DNA reads from the same individual, which may not be readily available and may 

require specific sequencing process. Thus, an alternative approach for genome-wide detection 

of RNA-editing, requiring only the RNA sequences, could be useful for certain cases. We will 

present several results of a novel machine-learning approach for A-to-I RNA-editing detection, 

based on the RNA secondary structure, as well as a comparison between using neural networks 

and using a random forest algorithm for this approach. We think this provides an alternative 

method for A-to-I RNA-editing that also reveals clues on how ADAR selects which adenosines will 

be edited. 
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Enteroviruses are non-enveloped viruses with a positive single-stranded RNA genome, which 

belong to the Picornaviridae family. Those infecting humans are classified in four species, 

enterovirus A, B, C and D. Among the main forces shaping the evolution of enteroviruses, 

recombination and point mutations can be observed at high rates. Recombination is not only 

important for relevant antigenic changes and hence, its association with epidemic waves, but 

also with worsening the clinical outcomes. Nevertheless, little is known about the underlying 

recombination mechanism. In this study, we analysed 737 whole genome sequences (351 EV-A, 

161 EV-B, 24 non-polio EV-C, 201 EV-D) sampled between 1966 and 2022 from 25 European 

countries, of which 63 were sequenced and assembled in our hospital, with the aim of detecting 

and characterizing recombination events. Our bioinformatic analysis identified 3 recombination 

hotspots, one at the beginning of the 5' UTR region and two flanking the capside proteins, and 1 

recombination cold spot spanning almost the entire region of the capside proteins in circulating 

enteroviruses across Europe. These findings could help elucidate recombination dynamics, 

deepening the genetic mechanism of evolution of these viruses associated with a high morbidity 

and mortality. The location of hotspots may suggest capsid proteins exchange between 

enterovirus types, allowing binding to a wider range of tissue receptors, in addition to changes 

in antigenic features, and thus, leading to more severe clinical outcomes. 
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Replication of RNA genomes by virus-encoded RNA dependent RNA Polymerases (RdRP) often 

results in hypermutated or in truncated versions of genome (DVGs). Coinfection with a helper 

virus that provides missing protein(s) in trans, may result in amplification and transmission of 

DVGs. DVGs depend on helper virus for propagation, but in coinfection they can interfere in the 

replication of infectious virus, cause faster immune responses and also promote viral 

persistence or/y evolution. However, dynamics of accumulation of DVGs during viral infection 

remains elusive.  

To address this question, we perform an experimental evolution of betacoronaviruses Human 

Corona Virus OC43 (HCoV-OC43) and Murine Hepatitis Virus (MHV) in cell culture and at high and 

low multiplicity of infection (MOI) conditions. Subsequently we performed high throughput 

sequencing of equidistant time series of resulting viral populations. We reconstructed DVGs from 

obtained short reads and their accumulation among passages were analyzed.  

We found that DVGs evolved to more net diversity and more abundance. Most abundant DVG 

types were deletions and insertions. Especially at high MOI some deletions had only transitory 

existence, while other won at abundance. Genomes of HCoV-OC43 carrying deletions had 

bimodal size distribution at low MOI, with short and long genomes being common and almost no 

changes in their size distribution during the viral evolution. In samples at high MOI, the size 

distribution was multimodal shifted over time to longer DVGs.  

In MHV genomes with deletions the size distribution shifted from bimodal distribution to 

unimodal distribution, being large genomes most common as well as at high as at low MOI. Hot-

spot regions for deletions evolved at high MOI were found and they stretched mainly over 

regions of structural and accessory proteins.  

In conclusion, we showed the pervasive formation of DVGs during betacoronavirus evolution, 

with the dynamics being MOI- and virus-dependent. 
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Genomic surveillance has become a powerful asset to monitor SARS-CoV-2 evolution in real-time 

and detect the emergence and spread of lineages of concern. In 2021 alone, sudden global 

takeover by novel variants of concern (VOC) happened three times, starting with the Alpha 

variant, then Delta, and lastly Omicron. Interestingly, these three variants belong to different 

clades that diverged early in the pandemic. In fact, Alpha and Delta only share one substitution 

on the S gene, which gathers the most diversity. Hence, the need to understand the generation 

of variability to tackle the current state and future progression of the pandemic. Here we show 

the co-occurrence of mutational markers located at the N-terminal end of the S gene from the 

B.1.1.7 lineage (Alpha VOC) the B.1.617.2 lineage (Delta VOC) and the B.1 lineage (Omicron 

VOC). We have defined a series of haplotypes containing marker mixtures, identified haplotype-

matching sample on a worldwide dataset, and assessed the abundance of each genotype, their 

spatiotemporal distribution, and their phylogenies in their local geographic context. To address 

the impact of each combination of markers on their fitness, we have also estimated the 

minimum number of independent emergences and their implication in transmission events. The 

performance of certain haplotypes does not fit neutrality when considering their relative 

abundance, the expected emergence rate, and genetic distance. Additionally, we have assessed 

differences in infectivity, antibody escape, cell-cell fusion, thermal stability and in silico 

molecular dynamics attributable to the remodeling of the N-terminal domain of the Omicron 

VOC. Strikingly, some combinations of mutations have never been sequenced. However, the 

most abundant ones have emerged multiple times, and been implicated in transmission events, 

with one of them clearly outperforming the rest. The lack of some of the marker mixtures point 

to strong epistatic interactions between said markers. Our framework is ready to be 

implemented for any other context, genomic region, or variants of interest. 
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The establishment of the gut microbiome in early life plays a crucial role in health. Despite its 

importance, current knowledge on the environmental factors modulating strain-level 

colonization and their dynamics over time is limited. To bridge this gap, we collected 4,369 

longitudinal fecal samples (starting from 12 weeks of pregnancy up to 1 year after birth) from 

713 mother–infant pairs in the Lifelines NEXT cohort, a prospective birth cohort from the 

Northern Netherlands. Shotgun metagenomic sequencing was used to characterize the gut 

microbiome at strain-level. From all participants, we acquired >1000 meta-data records, 

including birth factors, maternal and infant diet, pregnancy complications, medications, 

allergies, diseases, and environmental exposures. Generalized additive models were used to 

relate gut microbial features with the available phenotypes. In the first 3 months of life, the 

overall gut microbiome composition was strongly shaped by birth factors such as mode of 

delivery, duration of active pushing during birth and number of previous pregnancies. Within-

individual alpha diversity increased significantly during the first year of life, was largely shaped 

by infant feeding mode and medications such as remedies to reduce gastrointestinal gas 

formation and was associated with stool frequency (FDR<0.05). After introduction of solid food, 

alpha diversity was mainly influenced by infant diet (FDR<0.05). Co-assembly of longitudinal 

samples from the same families showed mother to infant transmission of bacterial strains 

belonging to Bacteroides fragilis, B. uniformis, B. dorei, Bifidobacterium adolescentis, 

Parabacteroides distasonis and Parabacteroides merdae species throughout the first year of life. 

In contrast, strain-sharing was observed less frequently for Bifidobacterium breve and Klebsiella 

variicola, suggesting different seeding sources for these strains. In vaginally born infants, the 

dominant strains of Escherichia coli, Bifidobacterium longum and B. dorei were significantly 

closer to their mother’s strains when compared to infants born via cesarian section indicating a 

disturbed gut-to-gut strain-transmission in infants born by cesarean section. In conclusion, our 

high-resolution longitudinal characterization of the maternal and infant gut microbiome, 

coupled with detailed phenotypic data, enabled us to identify novel patterns of microbial 

transmission, early-life microbiome assembly and the environmental and health factors that 

shape human gut microbiome development. This provides a better understanding of how the gut 
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microbiome is established and developed and will pave the way to discovering methods to 

modify the gut microbiome, such as maternal and infant lifestyle and dietary interventions.  
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Colorectal cancer (CRC) is the third most common cancer and the second leading cause of 

cancer deaths worldwide. Early diagnosis of CRC, which saves lives and enables better 

outcomes, is generally implemented through a two-step population screening approach based on 

the use of Fecal Immunochemical Test (FIT) followed by colonoscopy if the test is positive. 

However, the FIT step has a high false positive rate, and there is a need for new predictive 

biomarkers to better prioritize cases for colonoscopy. Here we used 16S rRNA metabarcoding 

from FIT positive samples to uncover microbial taxa, taxon co-occurrence and metabolic 

features significantly associated with different colonoscopy outcomes, underscoring a predictive 

potential and revealing changes along the path from healthy tissue to carcinoma. Finally, we 

used machine learning to develop a two-phase classifier which reduces the current false positive 

rate while maximizing the inclusion of CRC and clinically relevant samples.  
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Amplicon sequencing is used to obtain the taxonomic annotation of the bacteria present in a 

given sample, and the count of the times they are found. From the 1990s until the advent of 2nd 

generation methods, the subject of sequencing was the whole 16S rDNA gene (~1500bp) 

enclosed within the historic primers 27F-1492R (E. coli coordinates). The process passed through 

the DNA extraction, gene amplification, the cloning of the amplicons in commercial plasmid, the 

transformation, clones selection and sequencing of each insert using Sanger method (1st 

generation). During the first decade of 2000, the appearance of 2nd generation sequencers 

allowed to skip the cloning step, sequencing directly the amplicons and producing hundreds of 

thousands of sequences in a single experiment. These approaches were limited in amplicon size 

reducing the taxonomic “signal” to less than 500 bp (1/3 of the gene sequenced using Sanger 

sequencing). As a result, we have been populating databases with partial sequences for more 

than 10 years.  

Here we present a comparison of oral and gut communities using short-reads from Illumina and 

full-length 16S from PacBio sequencing methods. DNAs from saliva, subgingival (dental) plaque 

and feces of 9 volunteers were extracted. In parallel, regions V3-V4 and V1-V9 were amplified 

and sequenced by Illumina Miseq and PacBio Sequel II sequencers, respectively. Reads were 

annotated against SILVA.v138 database using DADA2 and QIIME2 pipelines. PacBio sequencing 

showed, a higher number of reads assigned to the genus (99.41% vs 93.58% for traditional 

Illumina V3-V4 sequencing) and to the species level (75.92% vs 55.44%). Regarding the 

composition, more than 85% of abundant genera (those at >0.1% abundance) were shared 

between platforms in all types of samples. However, relevant genera such as Fusobacterium 

(6.13% vs 10.14%) were significantly reduced in saliva (adjusted p-value<0.05) using PacBio 

technology whereas Streptococcus (19.85% vs 14.03%) was increased. Our results suggest a high 

similarity of the overall microbial composition between platforms at the genus level but with 

some inconsistencies that will need to be evaluated with mock communities. We conclude that, 

since the advent of third generation sequencers, we have re-gained the possibility to sequence 

the full length of the 16S rDNA gene, coming back to the first generation standard but with the 

high-throughput typical of parallel sequencing methods.  
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Long reads, single molecule sequencing methods featured by Pacific Biosystems and Oxford 

Nanopore, have created new opportunities for the analysis of the transcriptomes as they enable 

the detection of fulllength transcripts and the identification of alternative isoforms. Novel 

analysis algorithms have been developed to analyze these data. Using these resources, studies in 

different species showed that the repertoire of alternative transcripts that are expressed in any 

tissue is larger than previously anticipated. However, long reads methods have also their 

limitations. Library preparations do not always render fulllength molecules and the single 

molecule technologies have higher error rates than Illumina. As these approaches are 

increasingly being used to define transcriptome catalogues, there is an urgent benchmarking 

necessity to establish the accuracy of both the technologies and bioinformatics tools for 

transcriptome detection and quantification. 

The LRGASP project is an international initiative for such effort. We generated long reads data 

in three species, on different biological samples -including spike-ins and simulated data- and 

using four different library preparation methods and subjected them to sequencing by Pacbio 

and Nanopore. Data was made public to the bioinformatics community for prediction of 

transcript models with and without the utilization of a reference annotation, and for 

quantification. A total of 12 bioinformatics labs submitted nearly 200 transcriptome predictions 

for evaluation. Quality of the transcriptome identity was evaluated using SQANTI framework and 

performance metrics were obtained on spike-ins, simulated data, and a set of 50 GENCODE-

manually curated loci. A selection of novel transcript predictions was experimentally validated. 

Our results indicate that a large diversity in the predicted transcriptome exists when comparing 

methodologies, both experimental methods and analysis algorithms. Specifically, the detection 

of novel transcripts seems to be particularly challenging. Moreover, our data reveals that the 

library preparation protocol, not only the sequencing technology is critical for data quality, 

being read length and quality, rather than quantity, most important. Our results also reveal that 

long reads-based quantification is possible when a sufficient number of reads is available, but 

that accurate identification of the transcriptome without the use of a reference annotation is 

difficult. Finally, our results confirm the complexity of the expressed transcriptome and suggest 

that novel strategies should be envisioned to describe the dynamics of gene expression. The 
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LRGASP is the largest effort to date for the benchmarking of long reads sequencing methods for 

transcriptome analysis.   
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A comprehensive transcriptome-scale view is essential for understanding the intricacies of 

biological functioning at the genomic level. GENCODE, originating from the pilot phase of 

ENCODE, is an international consortium with an effort towards generating high-confidence 

annotations for human and mouse genomes. A major effort is towards the improvement and 

expansion of all gene feature annotations with a special attention to protein-coding, non-

coding loci and pseudogenes in these genomes. In this direction, GENCODE develops 

experimental approaches to target transcripts from genomic regions that have not been 

well studied by standard transcriptome approaches, while producing high-quality full-length 

transcript models that require minimal manual editing. Herein, we describe our improved 

Capture Long Sequencing (CLS) workflow with a motive to increase the representation of 

these specific transcriptional elements in the sequenced genome to aid their detection. 

The accurate annotation of these rare elements is fundamental for the downstream studies 

to correctly assign the functions helping to elucidate the regulatory mechanisms these 

elements are involved in. In this effort, we designed the broadest catalog that includes poorly 

annotated but crucial regulatory elements predicted to transcribe for lncrna, putative 

secondary elements, enhancers and small RNA precursors, giving the most accurate view of 

the long noncoding transcriptome to date. The improved captrap-CLS methodology, that 

specifically enriches 5'-capped, full-length rnas, was used to capture and enrich full-length 

transcripts from this catalog of elements across various important tissues and development 

stages in human and mouse. We use lyric, an in-house pipeline to further aid the detection of 

high confidence transcripts as it incorporates experimental information for identification of 

full-length transcripts. The results indicate a good enrichment of the reads mapping to the 

target catalog elements after capture, confirming the efficiency of the captrap-CLS 

methodology. Downstream analysis reveals detection of a set of transcripts that are only 

detected post-capture, further confirming the efficiency of this method in identification of 

transcripts that have gone undetected so far. In addition, we discover completely novel full-

length transcript models in the largest ever Effort to access the largely unexplored fraction of 

the human and mice transcriptomes.  
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The genome of the cockroach Blattella germanica harbors a large number of canonical 

antimicrobial peptide (AMP) genes (39 in total) distributed in five families: attacins, 

defensins, drosomycins, termicins and blattellicins. The latter is a new protein family 

evolved in the Blattella lineage. The expression of AMP genes is required to control 

pathogenic infections but also to maintain the healthy microbiota or to potentially control 

the obligate endosymbiont Blattabacterium cuenoti located in the fat body. Here, by 

analyzing the expression of these AMP genes in six adult tissues (salivary glands, foregut, 

midgut, hindgut, Malpighian tubules and fat body) and the hemolymph, which contains 

circulating hemocytes, we have revealed that two samples (salivary glands and 

hemolymph) display a total AMP gene expression two or three orders of magnitude 

higher than those observed in the other analyzed tissues, being midgut and hindgut the 

tissues with the lower expressions. In salivary glands, the high expression would help to 

control pathogens ingested with the food and would avoid their transit to the midgut or 

hindgut where they could compete with the commensal/beneficial microbiota. On the 

other hand, the expression in hemolymph would serve to distribute AMPs to the different 

organs of the insect. The reason why midgut and hindgut are the tissues with the lower 

AMP gene expressions could be associated with avoiding damage to the microbiota. The 

analysis of specific AMP gene expression revealed that some genes were specifically highly 

expressed in a single sample, while a few display relevant expressions in the seven samples. 

It was not possible to identify any specific AMP gene whose expression could be related with 

the control of the endosymbiont in bacteriocytes (a type of fat body cells). Moreover, an 

additional differential expression analysis of adult fat bodies between control and quasi-

aposymbiotic individuals (treated with rifampicin to reduce the endosymbiont load) was 

performed and analyzed in order to detect noncanonical AMP genes and to identify the most 

relevant genes involved in the host-endosymbiont relationship. 
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Although virtually all genes produce multiple protein isoforms (due to alternative splicing, 

alternative translation start sites, post-translation cleavage etc.), a proteome-wide functional 

characterisation of these isoforms is missing. Protein isoforms that only differ at their n-

terminal sequences, can hugely vary in their biological function, such as the two protein 

products of Deoxyuridine 5'-triphosphate nucleotidohydrolase (DUT), one of which localises in 

the nucleus, where the other localises in the mitochondria. By applying our novel statistical 

model, we can de-convolute peptides shared by the two protein isoforms, and thus distinguish 

and characterise them. Using protein co-regulation we can infer the function of each protein 

isoform, proteome-wide. Currently, there is ambiguity in the field of subcellular localisation of 

proteins, as multiple groups demonstrate that approximately 50% of the proteins exist in 

multiple compartments. However, the protein sequence coverage of these studies is not deep 

enough to capture differences in isoforms. Using our method, we can show that while a gene 

can make proteins that are in multiple compartments, in fact, each subcellular compartment 

only contains one isoform, thus changing the dogma for protein subcellular localisation.  
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Squalene and many high valued chemicals in the pharmaceutical, biotechnological, cosmetic, 

and biomedical industries belong to the terpenoid family. Biosynthesis of these chemicals relies 

on polymerization of IPP and/or DMAPP monomers. The monomers are synthesized by plants 

using two alternative pathways: a cytosolic MVA pathway and a plastidic MEP pathway. 

 

Plants need IPP/DMAPP to produce many developmental hormones, and this creates a flux 

bottleneck that makes it unviable to redirect IPP/DMAPP towards production of non-cognate 

plant chemicals. Developing plants for use as a platform to produce high value terpenoids is an 

important biotechnological goal that requires increasing their IPP/DMAPP production flux. Rice 

is a potential platform for achieving this. 

 

With this in mind, we created mutant rice lines that implement additional alternative 

biosynthetic pathways for IPP/DMAPP production through synthetic biology. These lines express 

three different versions of an additional MVA pathway in the plastid, in addition to the normal 

endogenous pathways. We collected data for changes inmacroscopic and molecular phenotypes, 

gene expression, isoprenoids and hormone abundance in those lines. 

 

Integrating the molecular and macroscopic data to understand how rice accommodates the new 

pathway is complex. To achieve that integration and generate understanding about the effects 

of engineering the exogenous pathways in the mutant rice lines, we develop and analyze data-

centric, line specific, multilevel mathematical models. These models connect the effects of 

variations in hormones and gene expression to changes in macroscopic plant phenotype and 

metabolite concentrations within the MVA and MEP pathways of WT and mutant rice lines. 

 

Our models allow us to understand how an exogenous IPP/DMAPP biosynthesis pathway affects 

the flux of biosynthesis of terpenoid precursors. They also allow us to quantify the effect of 

hormonal regulation on the alternative IPP/DMAPP biosynthetic pathways, enabling the 

prediction of macroscopic plant characteristics from molecular data. In addition, the line-

specific models are a tool that can prioritize the best reengineering strategy of the exogenous 

pathway in order to achieve specific metabolic goals. 
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Host-parasite (HP) interactions involve the association of two organisms over a long evolutionary 

time. Thus, the diversification of host and parasites is rarely independent. Phylogenetic 

congruence quantifies the extent to which each node and branch-length in a host phylogenetic 

tree maps on a corresponding position in the parasite phylogenetic tree. We present an R 

package, Rtapas, that provides a new framework to map phylogenetic congruence (or 

incongruence) on a tanglegram, thereby providing insight into cophylogenetic patterns across 

the HP evolutionary history. To test the effectiveness of the package, we applied the analysis to 

a community of 130 species of small mammals and 202 species of flea parasites. 

 

A tanglegram reflecting the congruence of the interactions between mammals and fleas its 

produced. The degree of congruence in hosts is concentrated in clades, whereas in fleas it is 

distributed across the entire tree. This suggest that within a flea family some clades exhibit 

some phylogenetic conservatism in relation to their hosts, whereas other clades do not, 

probably due to host switching. 

 

Rtapas provides an efficient tool to gauge large and complex HP evolutionary associations. This 

R package facilitates and speeds up cophylogenetic analysis between two evolutionary histories, 

as it can handle large phylogenies reducing computational time. 
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Multiple collaborative genomic projects are arising with the aim to sequence 

a wide variety of species at high quality in order to learn more about biodiversity, their biology 

and ultimately to help with their conservation. 

 

The current state of sequencing technologies of long-read, 3D and genomic maps allow for the 

generation of high quality genomic data for non-model vertebrates which, together with 

improvements in the software, finally makes possible the generation of de novo high-quality 

genome assemblies. 

 

Within the framework of different genomic initiatives we have sequenced and assembled at 

chromosome-level different vertebrate species including a mammal (red-ruffed lemur (Varecia 

rubra)), a bird (bearded vulture (Gypaetus barbatus)) and a reptile (snub-nosed viper (Vipera 

latastei)). 

 

We are going to present the different approaches and workflows used to obtain the different 

genome assemblies and we are going to describe the resulting genome assemblies.  
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Understanding the consequences of individual transcriptome variation is fundamental to 

deciphering human biology and disease. Demographic traits such as ancestry, sex, age and BMI, 

and clinical traits such as diabetes, simultaneously affect gene expression and alternative 

splicing variation. However, how these variables mechanistically interplay to ultimately define 

an individual’s phenotype is not well understood. Here, we implement a statistical framework to 

quantify the joint contribution of these four demographic and 17 clinical traits as drivers of 

gene expression and alternative splicing variation across 46 human tissues and 781 individuals 

from the Genotype-Tissue Expression project. We demonstrate that demographic traits have 

additive and tissue-specific contributions to expression variability, but trait interactions are 

rare. Variation in splicing is dominated by ancestry and is under genetic control in most tissues, 

with ribosomal proteins showing many tissue-shared splicing events, raising the possibility that 

specific aspects of the ribosome machinery might differ between human populations across most 

tissues. Our analyses reveal important contributions of clinical traits to tissue transcriptome 

variation. Type 1 and 2 diabetes affect multiple tissues, particularly the tibial nerve, where we 

further show that the nerve damage induced by diabetes shares similarities with that of 

biological ageing. Furthermore, we use machine learning techniques trained on histological 

images to classify diabetic tibial nerve samples, and, importantly, identify new genes related to 

diabetic neuropathy. Overall, our multi-tissue and multi-trait approach provides an extensive 

characterization of the main drivers of human transcriptome variation in health and disease.  

mailto:jose.ramirez1@bsc.es


42 

 

P-006: IN-SILICO ANALYSIS OF PH-DEPENDENT LIQUID-LIQUID PHASE SEPARATION IN 
INTRINSICALLY DISORDERED PROTEINS 

 

Carlos Pintado-Grima1, Oriol Bárcenas1, Salvador Ventura1 

 

1. Institut de Biotecnologia i de Biomedicina and Departament de Bioquímica i Biologia 

Molecular, Universitat Autònoma de Barcelona, Barcelona, Spain 

Presenter e-mail: Carlos.Pintado@uab.cat 

 

Intrinsically disordered proteins (IDPs) are essential players in the assembly of biomolecular 

condensates during liquid–liquid phase separation (LLPS). Disordered regions (IDRs) are 

significantly exposed to the solvent and, therefore, highly influenced by fluctuations in the 

microenvironment. Extrinsic factors, such as pH, modify the solubility and disorder state of 

IDPs, which in turn may impact the formation of liquid condensates. However, little attention 

has been paid to how the solution pH influences LLPS, despite knowing that this process is 

context-dependent. In this work, we have conducted a large-scale in-silico analysis of pH-

dependent solubility and disorder in IDRs known to be involved in LLPS (LLPS-DRs). We found 

that LLPS-DRs present maximum solubility around physiological pH, where LLPS often occurs, 

and identified significant differences in solubility and disorder between proteins that can phase-

separate by themselves or those that require a partner. We also analyzed the effect of 

mutations in the resulting solubility profiles of LLPS-DRs and discussed how, as a general trend, 

LLPS-DRs display physicochemical properties that permit their LLPS at physiologically relevant 

pHs. 
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Vegetables that are consumed raw are potential vehicles for the transmission of any type of 

microorganisms capable of causing human disease. Free-living amoebae (FLA) are ubiquitous 

protozoa found in many ecosystems and can serve as hosts to pathogenic bacteria. So far, data 

of the FLA microbiome in vegetables remain scarce. Thus, in this work a preliminary 

characterization of the microbiome of FLA isolated from organic vegetables (lettuce, spinach 

and cabbage) and strawberries were carried out to know their possible implications for 

consumers. The bacterial microbiome of FLA was obtained after amplicon sequencing using 

Illumina MiSeq platform and pair-end protocol. Raw data was analyzed using QIIME2. Sequences 

were first imported. Then, forward and reverse sequences were merged, quality and chimera-

checked, and clustered into Amplicon Sequence Variants (ASVs) using the DADA2 algorithm. ASVs 

underwent a taxonomic assignment using “classify-consensus-blast” plugin and SILVA SSU v138.1 

database. Alpha‐diversity metrics, beta diversity metrics unweighted UniFrac and Principal 

Coordinate Analysis (PCoA) were estimated using q2‐diversity after samples were rarefied. Beta 

diversity analysis was computed to establish the differences of microbial communities between 

the different types of organic fresh produce. Finally, the core microbiome was obtained to 

explore the bacterial taxa shared by all the samples. Moreover, the identification of the 

protozoa Acanthamoeba spp. and Vermamoeba vermiformis was carried out by qPCR. Both 

Acanthamoeba spp. and V. vermiformis were identified in 65% and 25% of the samples, 

respectively. The most abundant bacteria of the FLA microbiome were Pseudomonas, 

Flavobacterium and Prosthecobacter in all samples. Bacteria not previously related to FLA such 

as Bacillus or Brevundimonas have been detected in this work. Moreover, some identified 

genera as part of the FLA microbiome are of public health interest because they contain species 

that are potentially pathogenic to humans such as pseudomonas or flavobacterium. Although 

these are found in low abundance values. 
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Newly evolved genes in a given lineage showing no homologs in other taxa are known as 

“orphan” or “taxonomically restricted” genes. One of the most striking sources for the birth of 

lineage-restricted genes is the molecular domestication of transposable element (TE) proteins 

into novel coding genes, which are sometimes involved in the appearance of clade-specific traits 

and even true evolutionary novelties. Thanks to the increasingly growing genomic data publicly 

available from projects like the Darwin tree of life, we developed a pipeline capable of 

identifying putative TE domestication events within taxonomically restricted genes across 

hundreds of species. Here, we focused on the available genomes of the Lepidoptera order to 

better understand the mechanics behind the appearance of taxonomically restricted genes by 

TE domestication. 
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A substantial but uncharted fraction of plant proteomes is composed of small proteins 

(peptidome), of roles and functions -for the most part- yet to be discovered. Several putative 

peptides encoded in short Open Reading Frames (sORFs) have been found in intergenic regions 

and transcripts previously identified as non-coding by integrative analysis using omics-based 

approaches. In order to characterize the Arabidopsis peptidome and, in particular, its possible 

involvement in flower development, we performed tandem mass spectrometry of inflorescences 

of the floral homeotic mutants apetala1, apetala2, apetala3, pistillata, and agamous, and wild-

type plants of Arabidopsis thaliana. For peptide identification we created an extensive database 

that includes putative sORF-encoded peptides (SEPs) from intergenic regions, UTRs, ‘non-

coding’ RNAs and other transcripts. By combining the datasets from individual / wild type 

comparisons we were able to identify 132 novel peptide candidates expressed in flowers, from 

which 60 peptides are predicted to be specifically expressed, or at least enriched, in one type 

of floral organ. Around 25% of the novel SEPs belong to putative gene families in A. thaliana and 

almost 80% have putative homologs in other plant species such as A. lyrata, Brassica oleracea 

and Camelina sativa.  
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Agglomerative hierarchical clustering has become a common tool for the analysis and 

visualization of data, thus being present in a large amount of scientific research and predating 

all areas of bioinformatics and computational biology. In this work, we focus on a critical 

problem, the nonuniqueness of the clustering when there are tied distances, for which several 

solutions exist but are not implemented in most hierarchical clustering packages. We analyze 

the magnitude of this problem in one particular setting: the clustering of microsatellite markers 

using the Unweighted Pair-Group Method with Arithmetic Mean. To do so, we have calculated 

the fraction of publications at the Scopus database in which more than one hierarchical 

clustering is possible, showing that about 46% of the articles are affected. Additionally, to show 

the problem from a practical point of view, we selected two opposite examples of articles that 

have multiple solutions: one with two possible dendrograms, and the other with more than 2.5 

million different possible hierarchical clusterings. 
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The expansion of single-cell applications in the era of personalized medicine and the increasing 

complexity and decentralization of current studies require disconnecting the time and site of 

sampling from downstream processing steps. In addition, cellular transcriptomic profiles are 

dynamic and can change under external stressors, altering the natural state of the cells. In light 

of this, early sample preservation improves robustness and reproducibility by avoiding artifacts 

introduced during sample handling. Here, we present FixNCut, an approach for reversibly fixing 

tissue followed by dissociation, that overcomes limitations in the generation of single-cell data. 

As a proof of concept, we have showcased our sample processing approach prior to single-cell 

RNA sequencing for mouse lung and colon tissue, sample types with inherent sampling 

challenges. Further, we processed human lung and colon from different pathological contexts to 

provide further evidence of the clinical value of this methodology. We showed that this 

reversible fixation followed by dissociation strategy enables the removal of time and location 

constraints while preserving the RNA integrity, library complexity and cellular composition. 

Moreover, fixed cells can be stained with antibodies, as proved by cytofluorimetric analysis, 

thus allowing FACS sorting or hashing prior to single-cell analysis. In principle, FixNCut is 
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potentially compatible with multiple standard single-cell technologies, making it a versatile 

protocol to enable robust and flexible study designs.  
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Interacting proteins tend to experience reciprocal evolutionary change to retain biological 

functions. This coevolution, quantified as the degree of similarity between the phylogenetic 

trees of protein families, has been demonstrated to be an indicator of protein-protein 

interaction. The observed degree of resemblance between phylogenetic trees is the result of 

the concerted action of many factors, not necessarily related with the interaction, such as the 

effect of background evolution on protein families because of underlying speciation events. 

Previously proposed methods treat every protein pair as an independent interaction partner; 

however, proteins interact with many others and its adaptation is influenced by them. The 

ContextMirror approach uses the coevolutionary network of an organism (network of similarities 

between all pairs of proteins in a genome) to evaluate coadaptation by integrating the influence 

of every interactor on a given protein pair. This has been proven to be a significant 

enhancement in the accuracy of protein-protein interaction inference since its publication in 

2008. In this review we present an updated version of the ContextMirror approach, better fitted 

to the vast amount of available data and compliant with the latest findings on the field. The 

testing of this implementation with a reduced set of proteins yielded a 90.4% precision and 

38.7% recall when compared against experimentally validated interactions.  
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Agent-based models (ABMs) constitute an advantageous approach for multicellular systems 

modeling. Nonetheless, cell and tissue ABMs usually do not include detailed transport 

mechanisms which interface between the agent or cell and its chemical microenvironment. 

Given that these mechanisms are a key biological process, we set to develop and implement a 

compendium of general transport mechanisms into a cellular ABM-based multiscale software: 

PhysiCell. We consider six different mechanisms which encompass both passive (simple and 

facilitated diffusion through carriers and channels) and active transport (primary and 

secondary). Transport mechanisms were described as systems of Ordinary Differential Equations 

(ODEs), conceptually grounded on Fick’s Diffusion Laws and Michaelis-Menten kinetics. We 

assessed density equilibrium dynamics in each mechanism through simple experiments, 

confirming saturable, nonlinear dynamics. We also performed unit testing on simple models to 

check for unexpected dynamics, and a PhysiCell-based template of drug resistance acquisition 

was then built by combination of three models. We also present ongoing work that combines 

molecular transport and boolean modeling within PhysiCell in order to recapitulate different 

experimental drug synergies in a gastric cancer cell line. We argue that our models improve 

PhysiCell base code, which accounts only for linear transport dynamics. Furthermore, we made 

an effort to assemble modular models with interoperable units, which will facilitate connection 

with specific agent rules and will make them more user-friendly by simplifying model fitting 

with experimental data.  
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Classification of medulloblastoma (MB), the most common malignant pediatric brain tumor, into 

clinically relevant molecular subgroups (WNT, SHH and non-WNT/non-SHH) is crucial to 

personalize tumor treatment and optimize patient care. Genome-wide DNA methylation 

profiling enables precise classification of this tumor. However, the implementation of this 

classification approach in daily clinical practice is challenging for many centers worldwide. 

Here, we present EpiGe-App (https://www.epige.irsjd.org), a web server dedicated to classify 

MB tumors using a six-cytosine methylation signature from methyl-genotyping PCR data. EpiGe-

App contains an integrated computational pipeline which performs a pre-processing analysis and 

applies machine learning to classify a sample into a MB subgroup. At the beginning of the 

pipeline, quality control and cytosine amplification data are extracted from the text file 

obtained by qPCR analysis. Next, logistic regression is applied on the amplification data to 

predict the methylation status and a Hamming distance-based score is used to assign the 

molecular subgroup. Finally, EpiGe-App generates a downloadable PDF file with high-resolution 

figures that summarize the results of the analysis. Overall, EpiGe-App is a unique, simple, 

accurate and cost-effective solution for the classification of MB tumors into clinically relevant 

subgroups using qPCR technology, which is a widespread molecular technique. 
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Lipid metabolism disruption in diabetes has been widely recognized, but the lipidome changes 

between Type 1 diabetes (T1D) and Type 2 diabetes (T2D) have not been fully characterized, 

nor have been studied the sex-specific differences in the lipidome due to diabetes.  

Here, we applied multivariate linear regression analysis to untargeted lipidomics data of 360 

subjects (91 T1D, 91 T2D and 178 controls) without cardiovascular and/or chronic kidney 

disease. The data were acquired using ultra-high performance liquid chromatography-

electrospray ionization tandem mass spectrometry (UHPLC-ESI-MS/MS) and LipidSearch was used 

to identify MS/MS spectra. Multiple linear regression models were used to assess the association 

between each lipidic feature and each condition. In order to determine sex-specific differences 

related to diabetes, the interaction between diabetes and sex was considered. The models were 

adjusted by 15 different variables and diabetes duration was also included in the comparison 

between T1D and T2D.  

A total of 1411 and 831 unique significant features were found in all 9 analyses in positive and 

negative ionization modes, respectively. The significant features that had been previously 
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identified using LipidSearch represented 70 unique lipid subspecies from 15 unique lipidic 

classes. Lysophosphatidylcholines (LPC) and Ceramides (Cer) showed opposite effects in T1D and 

T2D and several ether glycerophosphoplipids were significantly reduced in T2D. Regarding sex-

specific differences, men presented a higher metabolism alteration in T1D than women. 

Otherwise, women showed larger disruption in lipid metabolism in T2D than men and a greater 

difference between T1D and T2D metabolism than their male analogues. Specifically, Ceramides 

and phosphatidylcholines (PC) showed more important diabetes-associated differences due to 

sex. 

Our results show an extensive characterization of lipid metabolism in subjects with T1D and 

T2D, as well as sex-specific lipidome changes associated to diabetes.  
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Type2 Diabetes Mellitus (T2DM) is a chronic disease that shows highly heterogeneous 

progressions between patients, with different associated complications and response to 

therapies. Since the recent publication of Ahlqvist et al. (Ahlqvist al., 2018) of a first attempt to 

clusterize diabetic subjects using six clinical parameters, several efforts have been made to 

investigate the heterogeneity of individuals with T2DM. 

Using a Kernelized-Autoencoder, we mapped 5 years of data in the format of Electronic Health 

Records (EHRs) of 11.028 patients in a latent space. The model was trained assuring that the 

vectors in the latent space do embed similarities and differences in the input data. Once we 

obtained the vectors from the latent space, we used classical algorithms (k-mean, CLARA and 

hierarchical clustering) to identify different T2DM sub-types. 

This unsupervised deep learning clustering algorithm suggested 7 different clusters of T2DM 

subjects, representing different evolutions of the disease. 

We observed different mean ages among the clusters (ranging from 65.3±11.6 to 72.8±9.4) and 

different diabetes duration, with subjects in clusters B (Hypercholesteraemic) and E 

(Hypertensive) having shorter diabetes duration (9.2±3.9 and 9.5±3.9 years respectively). 

Differences were also observed in terms of glycaemic control, ranging from a mean glycated 

hemoglobin of 7.99±1.42% in Cluster G (Metabolic) to 7.04±1.11% in cluster E (Hypertensive)  

The deep learning algorithm used in this study confirms the heterogeneity of T2DM and offers 

the possibility of investigating different trajectories of T2DM disease from routinely collected 

EHRs. 
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The human immune system (HIS) is continuously evolving due to natural selection (NS). In a 

population, NS increases the frequency of genetic variants that improve survival, leaving 

adaptive signatures in its genome. 

 

The recent publication of the developmental HIS atlas provided the most comprehensive 

transcriptional characterisation of immune cell types in different organs and ontogenic stages. 

 

Using this cell atlas and state-of-the-art population genomic methods, we inferred adaptation in 

the HIS cell types. Our results show differential adaptation patterns in human immune cell types 

at an unprecedented resolution, identiying cell types in both myeloid and lymphoid 

compartments with high rates of adaptive substitution.  
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Patients with advanced lung cancer stages can suffer malignant pleural effusions (PE). This 

pleural effusion is used as a diagnostic tool and can be considered malignant PE when a cytology 

or pleural biopsy culture shows malignant tumoral cells. In these patients, immune checkpoint 

inhibitors have become the main therapeutic strategy. In this study, we aim to analyze the TCR 

repertoires from paired PE, malignant pleural biopsies, and peripheral blood samples in a 

longitudinal study of probands following immune checkpoint therapy with anti-PD-L1 (ongoing). 

We have analyzed a pilot cohort of four malignant PE patients (induced by lung cancer) using 

single-cell RNA sequencing techniques as well as single-cell TCR sequencing (over 18000 total 

cells) and we characterized the populations in their TIMEs (both immune and non-immune 

compartments). Furthermore, we applied computational methods for the joint analysis of TCR 

sequences and gene expression, which make possible to understand not only clonal expansion, 

but also how the expansion profiles differ between patients and how they might relate to 

prognosis. We have identified seven major populations present, in different proportions, in all 

patients: monocytes, macrophages, dendritic cells, T cells, B cells, fibroblasts and tumor cells; 

as well as 46 total subpopulations, not all of them shared between all patients; and all of this 

annotated by their top marker genes. Furthermore, we identified five clusters of patient-

specific expanded TCRs, which greatly differ in their phenotypes: exhausted, effector, 

cytotoxic, naive and intermediate phenotypes, and could clearly be linked to treatment 

response and prognosis. With this pilot cohort, and thanks to single-cell RNA sequencing 

techniques, we showed that we could use pleural effusions to recapitulate the composition of 

the TIME. We can identify both differences and commonalities across patients. Furthermore, we 

were able to find striking differences in T cell expanding populations, which can be a promising 

target and predictor of treatment outcome and patient response. The goal is to apply this 

knowledge, together with the results of the ongoing clinical study, to train a predictive model 

of tumor-specific TCR sequences that we can use for precision oncology.   
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Membrane proteins are crucial in connecting the cell with its environment. Most current drug 

therapeutic approaches are directed to membrane protein targets, mainly because of the 

involvement of these proteins in signalling cascade events, as well as in the transport between 

the exterior and the interior of the cell and among cellular compartments. Understanding how 

membrane proteins regulate all these processes will lead a to better knowledge on how to 

tackle diseases at the molecular level. Dynorphins are endogenous peptides and the canonical 

substrate for kappa-opioid receptor (KOR). Dynorphins are prohormone derived from 

prodynorphin (PDYN), which is cleaved into big dynorphin (BigDyn, 32 residues), and further 

processed into dynorphin A (DynA, 17 residues) and B (DynB, 13 residues). Pathophysiological 

implications for dynorphins have been described owing to their cell penetrating peptide (CPP)-

like behaviour, as molecules capable of inducing membrane translocation via membrane 

destabilization and/or pore formation. Besides, they are related to Alzheimer’s and Parkinson’s 

diseases (AD, PD). Hence, we have studied DynA CPP activity. Thus, we have simulated DynA in 

3 types of membrane (DPPC, DPPC:DOPC:CHOL, and DPPC:DOPC:DPPS:DOPS:CHOL) and have 

induced membrane translocation through Steered Molecular Dynamics (SMD) simulations. We 

observed a proteolipidic pore after the simulations, since dynorphins, as positively charged 

peptides, interact with the negatively charged polar head groups of phospholipids. We have 

computed the potential of mean force (PMF) as a way of comparing the CPP activity to peptides 

with similar characteristics. We are currently analysing and undergoing more simulations to 

extract concluding information.  
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Present-day North Africa is complex and rich in diversity of languages, religions and cultures, 

since it has been geographically strategic for many demographic movements. Traditionally, 

inhabitants of North Africa have been divided in two main groups, Arabs and Imazighen (sg. 

Amazigh). The presence of North Africa in genetic studies is scant compared to the rest of the 

African continent, which has received much more attention as the geographic origin of the 

human species. In the present project we analyzed new genome-wide array data from selected 

North African populations, in order to infer their population history and genetic diversity as a 

consequence of their demographic history. The samples under study belong to different groups 

of Imazighen from Algeria, including a group of Mozabites, and three Chaoui groups from 

different towns in the Aurès region: Batna, Khenchela and Oum El Bouaghi. Our analyses seem 

to indicate heterogeneity among the Amazigh populations, although little differences are found 

between North African groups, whether Arab or Amazigh. Mozabite and Chaoui from Khenchela 

show a recent admixture with a sub-Saharan source population, although this admixture event is 

not detected in non-Amazigh North African groups and in the groups of Batna and Oum El 

Bouaghi, suggesting a different demographic history between the Amazigh populations of 

Algeria. Moreover, the population of Khenchela exhibits on average higher levels of inbreeding, 

suggesting an isolation that could be the result of a bottleneck or a founder effect.  
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Halophilic bacteria are promising candidates to expand the ever growing set of biotechnological 

workhorses due to their ability to grow in non-edible waters and produce compatible solutes. 

These are low molecular weight substances able to accumulate in high concentrations in the 

cytoplasm without compromising any physiological processes. Their protectant nature makes 

them very valuable to the pharmaceutical industry. 

 

In this group we will summarize our experience combining mathematical modeling, 

bioinformatics and molecular genetics to improve the production of the compatible solute 

ectoine by the halophilic bacterium Halomonas elongata. We will emphasize how the role of 

mathematical modeling goes beyond the algorithmic formulation of recipes for genetic 

manipulation and how the dialogue between modeling and experiments can lead to a deeper 

understanding of metabolic organization.  
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Transcription factor (TF) binding is a key component of genomic regulation. There are numerous 

high-throughput experimental methods to characterize TF-DNA binding specificities. Their 

application, however, is both laborious and expensive, which makes profiling all TFs 

challenging. For instance, the binding preferences of ~25% human TFs remain unknown; they 

neither have been determined experimentally nor inferred computationally. Here, we introduce 

ModCRE, a web server implementing a structure homology-modelling approach to predict TF 

motifs and automatically model higher-order TF regulatory complexes. Starting from a TF 

sequence or structure, ModCRE predicts a set of motifs for that TF. The predicted motifs are 

then used to scan the DNA for occurrences of each of them, and the best matches are either 

profiled with a binding score or collected for their subsequent modeling into a higher-order 

regulatory complex with DNA, as well as other TFs and co-factors. Moreover, we demonstrate 

that incorporating high-throughput TF binding data, such as from protein binding microarrays, 

addresses the protein-DNA structure scarcity problem for deriving statistical potentials. In turn, 

these statistical potentials are proven to be capable predictors of TF motifs. We also show the 

conditional advantage of using ModCRE over a nearest-neighbor approach for predicting TF 

binding sites as well as an improvement in prediction accuracy when using a rank-enrichment 

selection system. Finally, as case examples, we apply ModCRE to model the interferon beta 

enhanceosome and the complex of SOX2 and 11 with a nucleosome.  
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COVID-19 pandemic has dealt an immense health and socioeconomic impact worldwide. SARS-

CoV-2 surveillance programmes have allowed following the evolution of an emergent virus for 

the first time in history. Currently, prevalence estimation is conducted via individual diagnostic 

tests, which are limited and lead to other problems such as not covering the whole population 

and delays in the clinical information reports. Wastewater-based epidemiology (WBE) can 

overcome this limitations, not only by monitoring the virus circulation nearly in real-time and 

eliminating the sampling bias but also as a powerful epidemiologic prediction tool for the 

evolution of the virus and its clinical consequences. From GAMASER (Global Omnium) we have 

been conducting this practice, which has enabled the creation of an early warning system and 

the prediction of epidemiologic trends. Furthermore, we could estimate the proportion of the 

different SARS-CoV-2 variants using high-throughput sequencing and deconvolution algorithms 

based on general additive models. WBE has helped providing support to health authorities in 

crucial decision making moments, and the future perspectives are to monitor a great number of 

markers and environmental factors, such as virus and antibiotic resistance pathogens, chronic 

diseases biomarkers or metabolites from pharmaceutical and illicit drugs, which could 

contribute to evaluate the population habits and health situation from a broader point of view.  
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The microbiota in neonatal development is a complex bacterial ecosystem influenced by various 

factors such as the maternal microbiota, delivery, weight, antibiotics use or diet. Because of 

the high probability of infection in the hospitalized neonates, antibiotics are administered for 72 

hours per protocol. The efficiency of such administration is in question because of the 

multiresistant profile of many of these bacteria, and their unknown effects on the baby's 

microbiota. We usually associate infections with vertical maternal-neonatal transmission during 

pregnancy and childbirth, frequently caused by Streptococcus type B among others. One of the 

ways in which bacteria acquire these resistances to antibiotics is through horizontal gene 

transfer (HGT) usually from bacteriophages (phages) to bacteria. Phages encode and express 

auxiliary metabolic genes (AMGs) which are bacterial host genes that can impact host metabolic 

processes and being transferred from host-to-host through horizontal gene. Metagenomics allows 

the identification of AMGs from phages from a specific environment and the reconstruction of 

metagenome assembled genomes (MAGs) from microbes of each sample. Metagenomic data from 

a prospective mother-infant birth cohort in the Spanish-Mediterranean area have been used for 

this project to specifically look for correlations between phages and Streptococcus in the human 

microbiome. Here, a metagenomics pipeline has been developed to extract MAGs from 

Streptococcus genus and link them with phages by looking for AMGs in both bacteria and virus. 

To develop our understanding, results will be discussed to underpin future studies and suggest 

some solutions to existing challenges.  
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Tumour progression is dominated by two evolutionary forces: first mutagenesis, which provides 

the heritable variability where, secondly, natural selection acts. The main challenge of cancer 

genomics is to identify the somatic mutations that drive the tumorigenesis (drivers) from the 

vast majority of neutral variation (passengers). 

 

A decade of careful surveying of tumour DNA has revealed a multitude of protein-coding drivers, 

several of which have been used as therapeutic targets. However, many tumors do not exhibit 

any of these known exonic driver events, leaving a gap in our knowledge. Recently, large efforts 

have been made querying the remaining non-coding part of the genome. Intriguingly, the role of 

non-coding somatic mutations still remains largely less well understood than its protein-coding 

counterpart. These regions are specially challenging: poorly annotated, dominated by abnormal 

mutational processes that act as confounders and with a broader mutational target that coding 

regions. 

 

To address these specific challenges we developed an approach that identifies selection in 

regulatory regions. Regulatory units are tested as a whole to increase the statistical power and 

the impact of mutations is evaluated through biophysical models for transcription factor binding 

sites. Finally, a mutational model accounts for mutation rate variability at several scales. With 

this approach we find known and new putative cancer drivers on an harmonized cohort of 7498 

somatic whole cancer genomes.  
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Post-transcriptional regulation (PTR) mechanisms are essential for creating transcriptome and 

proteome complexity in eukaryotic cells. Previous studies suggest that alternative exons 

modulate properties such as subcellular localization or mRNA stability. However, how these 

mechanisms imprint distinct functional characteristics on the resulting set of isoforms to define 

the observed phenotype remains poorly understood. Functional profiling is the most broadly 

adopted genome-wide approach for characterization of the functional relevance of gene 

expression regulation. However, the gene-centric nature of functional annotation resources such 

as Gene Ontology prevents the study of functional consequences of differential splicing in 

specific contexts. The emergence of third-generation sequencing technologies has allowed the 

characterization of full-length isoform sequences and motivates the development of methods 

for isoform-centered functional analysis. Here we document the development of IsoAnnot, a 

new pipeline for the functional characterization of isoforms. This tool considers an extensive 

variety of functional properties, both at RNA and protein level. Importantly, most of the 

functional labels are defined by protein/RNA coordinates which enables the direct mapping of 

splicing events to functional elements. The pipeline uses transcript sequences to construct an 

isoform-resolved database of functional annotations by integrating information stored in public 

databases such as Uniprot and PhosphositePlus and tools based on sequence-prediction such as 

UTRscan and RepeatMasker. The main advantage of IsoAnnot is its ability to annotate known and 

novel isoforms obtained from long-read sequencing. IsoAnnot have been developed.  
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While the production of a draft genome has become more accessible due to third 

generations sequencing (TGS), the structural annotation of these new genomes has not been 

developed at the same pace. TGS of mRNA transcripts could play a key role in the 

improvement of structural annotation. Previous studies have not assessed the effect of different 

sequencing technologies or long-reads processing pipelines in structural annotation. In this 

study, we evaluated the differences in the accuracy of gene prediction based on sequencing 

technologies, pipelines applied to the sequencing data and the approach used to incorporate 

this data. Nanopore and PacBio sequencing data from WTC11 human cell line were processed 

independently and in combination using IsoSeq3 or FLAIR pipelines. The generated transcripts 

were filtered to produce different sets of reliable non-redundant genes. We tested how the 

AUGUSTUS ab initio prediction performed on the human genome when trained with these gene 

sets or the BUSCO genes identified in the human genome, giving the latest approach the best 

results. We incorporated the raw reads, transcripts or genes generated by the different 

pipelines and technologies into the gene prediction process using the model trained with the 

BUSCO genes. The PacBio transcripts in combination with this model showed the best results. 

The accuracy of the predictions improved from an F-score at gene level of 0.16 in ab initio mode 

to an F-score of 0.40 when the PacBio data was incorporated. We applied this strategy to the 

annotation of the Trichechus manatus latirostris genome.  
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Allosteric transcription factors (TFs) can be used as a genetic biosensor circuit that is induced by 

the presence of some small chemical, allowing the repression or activation of gene expression. 

Several hundreds of such biosensors exist in nature, while additional synthetic ones have been 

also built. There is an increasing interest in using those biosensors in large-scale applications 

such as bioproduction for automated biofoundries, as they can provide an effective way for 

performing high-throughput screening and, eventually, introduce synthetic dynamic regulation 

in the production routes through biomolecular feedback and feedforward systems. However, the 

current design space for biosensors, which is focused on some specific classes of compounds and 

cellular processes, needs to be enlarged to ensure that biosensors can be applied within a wider 

range of chemical targets. Here, we introduce a computational design toolbox for biosensors 

based on multiple modeling strategies. The toolbox provides a two-way query system where the 

user can either search for the best TF candidate for a given molecule or, conversely, the most 

promising inducer molecule for a given TF sequence. The output is based on sequence and 

chemical homology, which is combined with a score from the TF-chemical latent space of a 

trained deep-learning model, as well as a structural docking workflow analysis. The extended 

design space of predicted biosensors is shown to have a larger coverage of the bioproduction 

space of chemicals that are of interest in the context of the bioeconomy.  
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Neural stem cells (NSCs) in the adult mammalian subependymal zone maintain a glial identity 

and the developmental potential to generate neurons during the entire lifespan of the animal. 

Production of neurons from these NSCs follows an orderly pattern of cell-state progressions 

which allows the gradual increase in the expression of pro-neural factors along the lineage 

needed to trigger neuronal fates. To molecularly balance stemness and differentiation, specific 

molecular programs must be expressed to instruct NSCs to either maintain stemness or to 

progress along the neurogenic lineage. Here, we identify RNA-binding protein MEX3A as a post-

transcriptional regulator acting on a set of stemness-associated transcripts at critical transitions 

in the subependymal neurogenic lineage. MEX3A regulates a quiescence-related RNA signature in 

activated NSCs that is needed for their return to quiescence, playing a role in the long-term 

maintenance of the NSC pool. Furthermore, it is required for the repression of the same 

program at the onset of neuronal differentiation. Our data indicate that MEX3A is a pivotal 

regulator of adult mammalian neurogenesis modulating gene expression programs at the post-

transcriptional level.  
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Inversions are a common class of structural variants (SVs) that change the orientation of one 

segment of the genome, usually without a gain or loss of DNA. The study of inversions has lagged 

behind due to the technical difficulties in determining the orientation of the inverted segments, 

which are often flanked by inverted repeats (IRs). The use of new techniques able to cross these 

large breakpoints is contributing to increase the catalogue of human inversions. However, in 

most cases just a reduced number of individuals has been studied, which precludes the analysis 

of the effects of the detected variants. Here, we tested a novel pipeline to genotype inversions 

by the detection of Oxford Nanopore long reads spanning inversion breakpoints using probe 

sequences located both outside and inside inverted regions. This methodology was applied to 

interrogate 132 inversion predictions ranging from 931 bp to 2.2 Mb flanked by (IRs) up to 190 kb 

in a set of 18 individuals with available long read data. We detected the two orientations in 91 

inversions, validating 43 new inversions previously detected with different genome-wide 

techniques. Moreover, 18 additional SVs were identified during the genotyping process of these 

regions. By comparison of the inversion genotypes with previous data of the same samples, we 

find that the methodology is highly accurate. We also observed a correlation of the number of 

genotypes obtained in a sample with the total number of reads and read length. In fact, as we 

expected, read length is the main limiting factor for genotyping of inversions with large complex 

repeats at the breakpoints. The developed methodology therefore shows great promise for the 

characterization of previously missed inversions in multiple individuals, contributing to a more 

complete picture of human genetic variation.  
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Structural variation (SV) contributes substantially to genetic and phenotypic diversity, but the 

characterization of these variants is far from complete. Inversions are particularly interesting 

because of their effects on recombination. However, they are often missed due to their 

balanced nature, the repetitive sequences at their breakpoints and the fact that many are 

recurrent. The latest genomic techniques are finally allowing us to obtain a full catalogue of 

human inversions, although the number of inversions studied in detail is still limited. Here, by 

careful analysis of >350 predictions from different studies we have generated a reference 

benchmark of sequence-resolved and manually-annotated polymorphic human inversions (134) 

and inverted duplications (61). Moreover, each variant has been accurately genotyped in a large 

number of individuals from diverse populations, representing the most complete resource of this 

type of SVs to date. Among other things, our unique data set makes finally possible to analyse in 

depth the potential functional effects of inversions at multiple levels (including gene expression 

data from different tissues and cell lines and epigenetic signals, such as chromatin accessibility, 

histone modification and DNA methylation levels) and their association with disease or other 

phenotypic traits. As an example, a similar analysis of the well-known 8p23.1 and 17q21.31 

inversions has found that the two inversions are associated to diverse phenotypes involving 

brain-related traits, red and white blood cells, lung function, anthropometric measures, male 

and female characteristics and disease risk. Also, the 17q21.31 inversion acts as lead eQTL of 29 

genes located within or close to it. These findings highlight the important role that inversions 

can play in the human genome and that further investigation of their functional impact is 

needed.  
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Chromosomal inversions are structural variants that inhibit recombination in heterozygosis and 

are involved in multiple evolutionary processes. Historically, Drosophila has been the paradigm 

of the study of inversions unique evolutionary effects, although some key characteristics of this 

model cannot be translated to other organisms. Here, we investigate the role of recombination 

in the origin and maintenance of human polymorphic inversions by combining different types of 

recombination maps and a highly accurate data set of 134 inversions polymorphic in multiple 

populations, ranging from 0.1 kb to 5.7 Mb. Using pedigree and likelihood-based population 

recombination maps, we found that inversion location patterns are related to the generation of 

inversions by non-allelic homologous recombination (NAHR) or non-homologous (NH) 

mechanisms: NAHR-mediated inversions are more frequent in repetitive regions, while NH 

inversions generate randomly in the genome. Also, NAHR inversions at frequencies above 0.2 

overlap less than expected with the highest 10% and 1% recombination rates in the genome, 

while NH inversions overlap more than expected with the lowest 10% recombination rates. Using 

a published set of 813,122 crossovers and 787 aneuploid chromosomes from 20 sperm donors, we 

observed a decrease in crossover rates within the inverted region in heterozygotes compared to 

homozygotes, which is especially noticeable in inversions >25 kb. Moreover, we found positive 

correlations between the number of chromosome aneuploidies and the number of heterozygous 

inversions in the chromosome, and between the genetic length affected by inversions in 

heterozygosis and the number of arm losses detected on each chromosome. These results 

indicate that there is purifying selection against gametes carrying aberrant chromosomes 

resulting from a crossover between opposite orientations and inversions are more likely to 

survive in low-recombining contexts. Therefore, new inversions conferring positive evolutionary 

effects may overcome the potential fitness loss caused by their effect on fertility.  
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Neurons are very specialized cell types able to perform diverse functions. How gene regulatory 

networs change along evolution to generate complex nervous systems with thousands of neuron 

types is not well understood. Here we study different Caenorhabditis species to provide insights 

to this question. The structure and development of C. elegans nervous system has been very 

well characterized. An adult hermaphrodite contains 302 neurons that are classified into 118 

neuronal types. Moreover, C. elegans invariable developmental cellular lineage is conserved 

within the Caenorhabditis genus, facilitating the identification of homologous neurons between 

different species. To date, the degree of gene expression similarity or divergence among 

homologous neuron types has not been characterized. The present work presents an 

evolutionary approach that involves the use of two different species (C. elegans and C. 

briggsae) to find the evolutive principles and the changes in the gene regulatory programs by 

which neurons acquire new functions and evolve into new neuronal types. For this we propose 

the study of gene expression at single cell resolution using two different levels of analysis. 

Second larval stage animals are dissociated to obtain single cell suspensions from which 

transcriptome and open chromatin profiles will be obtained using scRNA-seq and scATAC-seq 

from 10X genomics technologies. We have already obtained the transcriptome for approximately 

25.000 and 35.000 cells of C. elegans and C. briggsae ̧ respectively. We hope our analysis will 

allow us to better understand general principles underlying the evolution of nervous systems.  
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Gene expression quantification by sequencing (e.g., RNA-seq) or by hybridization (e.g., 

microarrays) are major contemporary research tools for phenotyping human cells and tissues. 

Rapidly increasing RNA data published worldwide presents compelling opportunities for large-

scale data mining from multiple sources. For instance, the European Genome-phenome Archive 

(EGA), the database of Genotypes and Phenotypes (dbGaP), the Encyclopedia of DNA Elements 

(ENCODE), the Genotype-Tissue Expression project (GTEx), the National Institute of Health 

Genomic Data Commons (NIH-GDC), the International Human Epigenome Consortium (IHEC) 

among others have established large repositories intended for sharing. Yet there are unmet 

challenges for handling huge numbers of files from diverse sources, coupled with limitations 

arising from jurisdictional and consent restrictions on data access. To try to overcome these 

limitations, the Global Alliance for Genomics and Health (GA4GH) international consortium 

develops and maintains a suite of interoperable standards (Birney et al., 2017). In this context, 

following the GA4GH vision, a standardized API for the delivery of quantification data from all 

experimental types and data formats is needed for interoperability and data sharing. To this 

aim, here we introduce RNAget, an open standard for secure retrieval of expression 

quantifications drawn from multiple individual samples that is applicable to microarray data and 

RNAseq from bulk, pseudo-bulk single-cell, or single-cell data. Further, it generalizes to 

quantification matrices of other sequence-based genomics data such as ATAC-seq and ChIP-seq. 

This protocol allows a client to retrieve matrices containing data from multiple samples, uses 

existing community data formats that readily manage dense or sparse data, and provides an 

option for matrix slicing. RNAget is a part of a family of compatible GA4GH protocols designed 

to enable efficient and secure discovery and exchange of many types of primary and derived 

genomic data (Rehm et al., 2021).  
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Molecular dynamics (MDs) are crucial to understand how proteins and nucleic acids, among 

others, behave at the atomic level. However, these models are expensive to calculate and thus 

it is crucial to share them along the scientific community. Our goal is to store MDs generated by 

any research group in a reference database and provide open web access to these results. 

Simulations and their metadata are processed in order to standardize and curate data. Then 

several analyses are performed and loaded to the database as well. The web client allows to 

visualize both the stored MDs and their analysis results online.  

mailto:daniel.beltran@irbbarcelona.org


74 

 

P-036: ROSETTA STONE OF BACTERIAL COMMUNICATION. GENETIC AND STRUCTURAL 
CHARACTERIZATION OF THE RRNPPA FAMILY OF QUORUM SENSING. 

 

Alonso Felipe Ruiz1, Eduardo P.C Rocha2, Alberto Marina1 

 

1. Instituto de Biomedicina de Valencia (IBV-CSIC), Jaume Roig Street 11, 46010, Valencia, 

Spain. 

2. Institut Pasteur, Université de Paris Cité, CNRS UMR3525, Microbial Evolutionary Genomics, 

Paris, France. 

Presenter e-mail: aferuiz@ibv.csic.es 

 

Quorum sensing (QS) is a mechanism of bacterial communication, coordinating important 

decisions depending on bacterial population. QS regulates important processes not only in 

bacterial behavior but also in genetic mobile elements and host-guest interactions. In 

Firmicutes, cytoplasmic quorum sensing (QS) receptors of the RRNPPA family regulate important 

processes such as competence development, sporulation, virulence, and biofilm formation, 

using peptide-based communication. Despite the importance of such systems, their origin and 

diversification are poorly understood. In this work, we integrate structural, genomic, and 

phylogenetic evidence to shed light on RRNPPA protein origin and diversification. 

With the combined use of hmm profiles and a large dataset of complete genomes, we analyze 

the taxonomical distribution of the seven members of the RRNPPA family (Rgg, ComR, PrgX, 

AimR, NprR, PlcR, and Rap) and inferred their phylogeny. We used an approach to combine 

structural and sequence data for better phylogenies. The phylogeny of these proteins show that 

subfamilies diversified a long time ago, resulting in key structural and functional differences. 

The concordance between the distribution of subfamilies and the bacterial phylogeny was 

somewhat unexpected, since many of the subfamilies are very abundant in mobile genetic 

elements, such as phages, plasmids, and phage-plasmids. We also analyzed the different 

architectures of the peptide pheromone, raising intriguing questions about their export and 

maturation. The analysis of the peptide architecture also suggests the existence of diverse roles 

for the RRNPPA systems. Some systems encode multiple pheromones on the same propeptide or 

multiple similar propeptides, suggesting that they act as “chatterers”. Many others lack 

pheromone genes and may be “eavesdroppers”.  
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The human body is densely populated by microbes. During ageing, the composition of the 

microbiome changes and recent research suggests that the intestinal microbiome might play a 

causal role in the determination of organismal lifespan. Dietary restriction (DR) and reduced 

activity of the insulin/IGF1 (IIS) and mTOR networks increase lifespan and improve health in 

mice. However, whether changes in the microbiome induced by these longevity interventions 

contribute to the positive effects on survival is currently unknown. To evaluate how the faecal 

microbiome and metabolome change in response to longevity interventions in mice, we 

performed a systematic longitudinal analysis of age-related changes in the faecal microbiome 

and metabolome of mice under DR. In addition, to identify changes in the microbiome that are 

common between longevity interventions, we analysed the microbiome of mice with reduced IIS 

and mTOR signalling. We show that DR mitigates age-related changes in microbiome community 

structure, including the decline in alpha diversity, increase in beta diversity, and loss of 

equilibrium between Firmicutes and Bacteroidetes phyla. Furthermore, by studying the faecal 

microbiome and metabolome of late-life DR switches that either increase or not increase 

lifespan, we identified an age-dependent memory of AL feeding in the microbiome associated 

with lifespan. Finally, we identified bacteria that were shared between DR, reduced mTOR and 

IIS signalling, suggesting that these bacteria may contribute to the health benefits observed in 

these long-lived mouse models.  
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Proteins are the main regulators of gene expression as they can directly or indirectly inactivate, 

activate, or enhance the transcription of DNA. Central elements in this regulatory system are 

transcription factors (TFs): modular proteins that recognize sequences of DNA (typically 6-20 

base pair long), helping to recruit RNA polymerases that trigger the subsequent transcription of 

a nearby gene. The binding of TFs during normal cell life is difficult to predict as it is modulated 

by a myriad of effects, such as the presence of nucleosomes (which in general hinders TF 

binding), or the formation of clusters that foster cooperativity, general chromatin compaction, 

or even phase separation. However, a key requirement for in vivo binding is a good binding to 

the targeted naked DNA. 

 

Here we present a physics-based machine learning approach to predict in vitro transcription 

factor binding affinities from structural and mechanical DNA properties directly derived from 

atomistic molecular dynamics simulations. The method is able to predict affinities obtained with 

techniques as different as uPBM, gcPBM and HT-SELEX with an excellent performance, 

outperforming existing state-of-the-art algorithms. Due to its nature, the method can be 

extended to epigenetic variants, mismatches, mutations, or any non-coding nucleobases. When 

complemented with chromatin structure information, our in vitro trained method provides also 

good estimates of in vivo binding sites in yeast.  
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The olive tree (Olea europaea L.) is of great socioeconomic importance due to the production of 

oil and table olives, and the seed is also an emergent source of nutraceuticals (Jiménez-Ruiz et 

al., 2020) and feed supplements (Maestri et al., 2019). Spain is the world's leading producer 

and, of the 272 varieties present in our country, Picual is the most cultivated and the main 

source of olive oil. Despite its relevance, there are many unknown aspects in its biology. Here 

we study the development of the Picual pollen tube to discover the biological processes 

involved and its potential regulation. Highly relevant transcripts like those of two RING proteins 

and other two Zinc-finger containing proteins seem to indicate that they play a main role in the 

process of mitosis II, and its cross-talk with environmental and developmental clues. In addition, 

Picual orthologues of the 14 olive allergens known to date were determined and their expression 

in the pollen tube monitored. Allergens are consistently expressed during pollen tube 

development, most of them at a high level. Despite Ole e 1 being the first olive pollen allergen 

to be identified (Villalba et al., 1993), it is the second most abundant transcript, behind Ole e 

14 which was only recently described (Oeo-Santos et al., 2018), with Ole e 15 being the last 

allergen identified (San Segundo-Acosta et al., 2019) and the one less expressed. We are 

characterizing the transcriptome of Picual seeds at different developmental stages, where the 

biological processes of the endosperm that nourish the embryo, and the establishment of 

embryonic polarity are particularly overrepresented. Finally, an interactive gene expression 

atlas for olive tree (OliveAtlas) where expression data were mapped to the Picual reference 

genome and its gene model annotation was created. This tool tries to ease the lack of 

bioinformatics and genomics resources and assists olive research and breeding. This research 

was founded by grants PID2020-113324GB-I00 (AEI), P18-RT-1577 (JA, excellent research), and 

UMA20-FEDERJA-029 (JA), all of them co-founded by ERDF/EU.  
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The German cockroach Blattella germanica harbours two cohabiting symbiotic systems: an 

obligate endosymbiont, Blattabacterium, located inside bacteriocytes in the fat body, which is 

key in essential amino acid production and nitrogen recycling of urate deposits, and an 

abundant and complex gut microbiota that must play an important role (as yet unknown) in host 

physiology. While Blattabacterium is transmitted vertically from mother to oocytes, the gut 

microbiota is acquired by horizontal transmission (mainly coprophagy). In this work, we used the 

antibiotic rifampicin to deepen knowledge on the relationship between the host and the two 

symbiotic systems. Rifampicin treatment of adults in G1 does not affects the endosymbiont in 

the fat body but reduces notably the oocytes infection, when Blattabacterium is extracellularly 

located in the ovaries, blocking the vertical transmission to the next generation. Consequently, 

adults in G2 showed a reduction of 5-6 orders of magnitude in the Blattabacterium load (quasi-

aposymbiont cockroaches), together with a development delay, and were unable to give rise to 

the G3. On the other hand, we performed a blind experiment where quasi-aposymbiotic nymphs 

(obtained as G2 after rifampicin treatment of adults in G1) were mixed with control ones, 

sharing environment and microbiota input (faeces for coprophagy). The mixed population was 

raised until the adult stage, where the two symbiotic systems were analyzed in each individual: 

Blattabacterium density by RT-PCR, and the hingut microbiota composition and structure by 

metagenomics. Our results revealed that the reduction in the endosymbiont’s load –even though 

it is associated with a delay in the development time– does not affect the hindgut microbiota’s 

composition and structure. We conclude that there is no cross-talk between the two symbiotic 

systems in B. germanica, and that the microbiota cannot compensate the essential functions 

performed by Blattabacterium.  
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Transcriptomic diversity greatly contributes to the fundamentals of disease, lineage-specific 

biology, and environmental adaptation. However, much of the actual isoform repertoire 

contributing to shaping primate evolution remains unknown. Here, we combined deep long- and 

short-read sequencing complemented with mass spectrometry proteomics in a panel of 

lymphoblastoid cell lines (LCLs) from human, three other great apes, and rhesus macaque, 

producing the largest full-length isoform catalog in primates to date. Around half of the 

captured isoforms are not annotated in their reference genomes, significantly expanding the 

gene models in primates. Furthermore, our comparative analyses unveil hundreds of 

transcriptomic innovations and isoform usage changes related to immune function and 

immunological disorders. The confluence of these evolutionary innovations with signals of 

positive selection and their limited impact in the proteome points to changes in alternative 

splicing in genes involved in immune response as an important target of recent regulatory 

divergence in primates.  
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Cadherins are a big family of transmembrane proteins involved in crucial physiological processes 

such as cell structural integrity, migration, and signaling. The structure of these proteins 

consists of 3 domains: extracellular, transmembrane, and intracellular. A variable number of 

the called “cadherin repeats” (CRs) are located at the extracellular domain. 

In Lepidoptera, midgut cadherins have been extensively studied for their role as receptors of 

the insecticidal Cry proteins, which are synthesized by the entomopathogenic bacterium Bacillus 

thuringiensis (Bt). It has been described that the interaction between Cry toxins and cadherin-

like receptors promotes the oligomerization of the Cry proteins and the insertion of the 

oligomers in the epithelial cell membrane, leading to the disruption of gut integrity. This 

interaction happens between the exposed loops of Domain II of the Cry protein and the cadherin 

toxin binding regions, which are located in the extracellular CRs. The resistance of several 

lepidopteran populations to the Cry toxins has been associated with the presence of mutations 

in the cadherin-like genes, highlighting the importance of these receptors in the mode of action 

of Cry proteins, specifically in the steps prior to their insertion into the insect midgut cells. 

The main objective of the present study was to identify the putative cadherin-like receptor of 

Cry proteins in stone-fruit crops pest Grapholita molesta Busk (Lepidoptera; Tortricidae). We 

used the cadherin of Ostrinia nubilalis Hübner, (Lepidoptera; Crambidae, Acc. number: 

AAY44392.1) as a query to search for similar sequences in the G. molesta genome. An mRNA of 

4839 base pairs on the positive strand was obtained, formed by 29 exons coding for a protein of 

1612 amino acids. This predicted protein had high homology with the cadherin 99-C from 

Leguminivora glycinivorella Matsumara (Lepidoptera; Tortricidae). From the predicted 

structure, the G. molesta protein comprises 11 CRs, a transmembrane region, and a small 

intracellular part. The structures of the O. nubilalis and G. molesta cadherins modeled in silico 

showed a similar three-dimensional conformation despite their low amino acid identity (21%). 

This study describes for the first time a Cry1A cadherin-like candidate receptor in G. molesta. 

This work will help in the study of the mode of action of Bt insecticidal proteins in this 

lepidopteran pest and would provide tools for the early detection of resistance outbreaks.  
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Obligatory endosymbiotic organisms, whether parasitic or mutualistic, tend to have reduced 

genomes compared to their free-living relatives, as a result of the evolutionary process called 

‘genomic reduction syndrome’. Yet, these streamlined genomes maintain those genes involved 

in essential functions, getting close to the definition of a minimal genome. Their 

characterization, as well as the possibility of optimizing them, by eliminating superfluous genes 

or by adding genes to complete impaired metabolic pathways, is highly relevant in the field of 

synthetic biology. However, most endosymbionts cannot be cultured in the laboratory, making it 

difficult to manipulate them.  

Bartonella quintana Toulouse, our model endosymbiont, can be grown in culture and has the 

capacity to infect mammalian cells, making this bacterium a good model to design a chassis for 

potential biomedical applications. However, it has a very slow growth rate due to its complex 

nutritional requirements. In our research group, we intend to define the ideal medium 

composition that improves its growth efficiency, which will also have an impact on the ease of 

performing genomic manipulation experiments for a better characterization of the model prior 

of its use as an endosymbiont chassis. First, we generated a metabolic model of B. quintana 

from genomic data and, through flux balance analysis (FBA), we determined which compounds 

are limiting factors for its growth and are deficient in commercial media. Next, we established 

a protocol for culturing this bacterium using media supplemented with these compounds in 

different concentrations and measured its growth impact. Finally, we have performed 

proteomics studies to determine which changes could be linked to the results observed.  
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Type 2 diabetes (T2D) is a complex disease that accounts for approximately 90% of all Diabetes 
mellitus cases. In general, it is mediated by obesity-associated insulin resistance (IR) leading to 
pancreatic β-cell failure. DNA methylation is one of the mechanisms involved in its development 
through epigenetic changes that may come from fetal and neonatal development and changes 
that occur throughout the lifetime of each patient. Methylation of the human exome appears to 
play an important role in the regulation of gene expression. Differentially methylated regions 
(DMRs) can have a relevant role in genetic regulation and in metabolic changes involved in T2D 
development. The aim of this study is to identify DMRs present in the human exome and related 
to T2D development in the Spanish population that may be present in the patient's DNA years 
before the establishment of the disease; also studying these alterations in relation to IR as an 
associated factor. We have analyzed the methylation in the exome of 24 patients who have 
developed T2D, mediated by IR or not. Bicycle and HPG-Msuite pipelines were used to detect 
DMRs, and the results were intersected to obtain reliable and robust results. The detected genes 
were selected based on statistical parameters. The genes are IRS2, ADARB2, KLK7, OAZ1, 
FEM1A, UTP11, DNASE2 and the pseudogene HSPD1P4. Several of these genes may have a 
relevant role in the development of T2D. 

Funding: 
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III” (Ministerio de Ciencia e Innovación, Spanish Government), and CIBER- Consorcio Centro de 
Investigación Biomédica en Red-(CB07/08/0018), Instituto de Salud Carlos III, Ministerio de 
Ciencia e Innovación, Spanish Government.  
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Since the Earth BioGenome Project (EBP) started, many genome assemblies have been 

generated and these will increase exponentially in the next few years. The generated sequences 

and their metadata are deposited in the International Nucleotide Sequence Database 

Collaboration (INSDC) which is a collaboration between the major biological databases: DDBJ, 

NCBI and ENA. However, querying these databases can often be difficult, in particular for non-

technical users. We have implemented a user-friendly web application which aims to help users 

and researchers to manage INSDC and local data in one place: The BioGenome Data Portal. 

The BioGenome Data Portal (https://github.com/guigolab/biogenome-portal ) can retrieve any 

existing record from the INSDC database (as assemblies, reads and biosample) via a user-friendly 

form, and it contains a cutting-edge Genome Browser (JBrowse2 https://jbrowse.org/jb2/ ) to 

help visualize sequences and annotations (in FASTA and GFF format) related to that assembly. 

The BioGenome Data Portal can also be used to disseminate information on endemic species, 

offering the possibility of adding vernacular names of the species related to the language of that 

region, photos of the collected specimens and links to relevant scientific publications. 

The BioGenome Data Portal can also import all the data linked to a specific INSDC BioProject 

accession, as the EBP or its children, and start tracking its progresses: when a new assembly is 

added, the portal will automatically import its metadata as well as its related reads and 

biosamples. 

An additional functionality of the BioGenome Data Portal is to import sample's metadata from a 

spreadsheet file, thus helping researchers manage spreadsheet metadata in a user-friendly way. 

Finally, the BioGenome Data Portal is totally configurable and portable, making it easy to run 

locally or to deploy it in a server machine.  

A BioGenome Data Portal instance tracking the data generated under the EBP umbrella can be 

found at the following link: https://ebp.biogenoma.cat. 
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The precise coordination of important biological processes, such as differentiation and 

development, is highly dependent on the regulation of expression of the genetic information. 

The flow of the genetic information is tightly regulated on multiple levels. Among them, RNA 

export to cytoplasm is an essential step for the production of proteins in eukaryotic cells. 

Hence, estimating transcript relative localization, that is the proportion of total RNA molecules 

in eukaryotic cells present in the cytosol or in the nucleus, is of major significance. However, 

most studies with a focus on transcriptome analysis ignore subcellular RNA localization. Those 

with an effort to take that into account, utilize RNA sequencing (RNA-seq) in combination with 

cellular fractionation. Nevertheless, transcript quantification estimates obtained independently 

from nuclear and cytosolic RNA cannot be compared, as the total amount of RNA in each of 

these cellular compartments is usually unknown. Here we show that if, in addition to nuclear 

and cytosolic RNA-seq, whole cell RNA-seq is also performed, then accurate estimations of the 

relative localization of transcripts can be obtained. We first establish the theoretical basis that 

supports this by formalizing mathematically the relationship between the different RNA 

abundances. Based on this, we designed a method that estimates for every transcript its relative 

localization. Fianally, we evaluate our methodology first on simulated, and then on real bulk 

RNA-seq data from the ENCODE project. 

  

mailto:vasilis.ntasis@crg.eu


85 

 

P-047: THE IMPORTANCE OF ROTATING SCHEDULES ON WORKERS’ TRANSCRIPTOME - THE 
HORMONIT STUDY  

 

Tamara Perteghella1, Valentin Wucher1, Roderic Guigó Serra1. 

 

1. Center for Genomic Regulation (CRG), The Barcelona Institute of Science and Technology, 

Barcelona, Spain. 

Presenter e-mail: tamara.perteghella@crg.es 

 

The impact of mistimed schedules on worker’s health recently gained increased attention, being 

associated to higher incidence of several health impairments. Nonetheless, when it comes to 

the molecular mechanisms relating shift work to its pathological outcomes, there is still much to 

unveil. The present study investigates the impact of rotating working schedules on the 

transcriptome of 47 male workers from a car factory in Spain. The greatest changes in 

expression profiles have been reported during the night shift and impact mostly processes 

related to the immune system. Several genes implicated in cell chemotaxis, cytokines 

production and signalling are indeed down-regulated, in agreement with a decrease in the level 

of these analytes in the blood. Consistently, when testing for impairments in established blood 

transcription modules different types of cell signalling, general immune activation and 

inflammatory response are reported significantly down-regulated after night shift. Conversely, 

the modules up-regulated mainly involve the activation and differentiation of lymphocytes. 

While these findings are partially supported by the results of cellular deconvolution, the cell 

type proportions obtained align to some extent with the internal circadian phase of the 

subjects, being in agreement also with the adjustment of acrophase reported in several 

hormones (e.g., Cortisol). Despite this suggests the possibility of a partial adaptation to the 

mistimed working conditions, overall, many signalling and immune related processes are altered 

in the population, an effect that seems exacerbated when working at night. 
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Ewing Sarcoma (EwS) is the second most common malignant neoplasm appearing in the bone and 

soft tissues that predominantly affects adolescents and young adults. EwS is an exclusive human 

disease cytogenetically characterized by a chromosomal translocation most commonly affecting 

chromosomes 11 and 22, t(11;22)(q24;q12). The resulting fusion protein, EWSR1-FLI1, has the 

ability to act as an aberrant transcription factor leading both to gene activation and repression 

of a large set of genes involved in the tumorigenic phenotype of EwS. Our group has recently 

demonstrated that the Polycomb subunit with E3 ubiquitin ligase activity, RING1B, co-localizes 

genome–wide with EWSR1-FLI1 at active enhancers having a key role in EwS tumorigenesis in 

vivo, mainly by regulating enhancers and recruiting the fusion oncogene to key targets such as 

NKX2-2, SOX-2 and IGF-1.  

Aurora Kinases are conserved serine/threonine kinases with high expression in many different 

tumors that play multiple roles in cell division and maintenance of genomic stability. We have 

demonstrated that EwS cell lines are specifically and highly vulnerable to inhibition by Aurora 

Kinase B (AURKB) inhibitors. In the present study, using ChIP-seq technology, we characterize 

AURKB genomic distribution and analyse its colocalization with EWSR1-FLI1 oncogene. Moreover, 

we described the contribution of AURKB in the activation of RING1B-EWSR1-FLI1 enhancers 

necessary for EwS tumorigenesis.  
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Ageing is a biological and psychosocial process related to diseases and mortality. It correlates 
with changes in DNA methylation (DNAm) in all human tissues. Therefore, epigenetic markers 
can be used to estimate biological age using DNAm profiling across tissues. Alterations of the 
correlation between biological and chronological age (i.e. age acceleration or deceleration) 
have been related to several age-related diseases, pathological stages and can occur before 
clinical manifestation of diseases become overt. Therefore, epigenetic clocks are being 
considered as a tool in prevention, diagnostic and even in forensic applications. In 2021, we 
developed methylclock, a Bioconductor package to compute epigenetic age. Since that moment, 
the package is being routinely updated with new epigenetic clocks. So far, it includes 15 DNAm 
adult/childhood and gestational clocks. They range from the classic Hovarth’s clock to more 
recent ones like EPIC predictor of gestational age. Methylclock has been used, among many 
others projects, to investigate the association between the early life exposome and epigenetic 
age acceleration in children using the Pediatric-Buccal- Epigenetics’ clock. It has also been used 
to characterize the ethnic differences in DNA methylation between UK-residents, South Asians 
and Europeans. Another interesting study using methyclock showed that age acceleration is 
associated with alcohol use disorder, providing the first evidence for a recovery of this effect 
upon abstinence from alcohol. methylclock package is in continuous development and new 
clocks are added, some of them requested by researchers. Interestingly, there are some 
companies such as TruDiagnostic® who implemented our tool in their pipelines. In summary, 
methylclock enables quick and user-friendly computation of a large set of epigenetic clocks that 
allows the investigation of this biomarkers in different research areas aiming at improving 
personalized medicine and public health. In this talk, we will present how to use methyclock 
with several real cases.  
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Mycobacterium tuberculosis is currently one of the deadliest pathogens worldwide, being the 

second deadliest only overcome by SARS-CoV-2. The study of its diversity could help revealing 

keys to its virulence. M. tuberculosis was classified as almost a clone, but we can observe 

lineages that affect humans (L1-9), and lineages that mainly affect other animal hosts (A1-4). 

Most genetic analyses of MTBC are based on Illumina mapping, using the gold standard of a 

reference based on the ancestor of M. tuberculosis. This reference has the genomic length of 

the lineage 4 strain H37Rv and lacks genes that are not present in this strain. We analyzed 67 

closed genomes available from public databases and 10 newly sequenced complete genomes to 

infer a new M. tuberculosis ancestor. A total of 77 closed genomes and 26,810 short-read 

sequences were considered to perform a Bayesian inference of the ancestral sequence harboring 

all MTBC diversity. Also, we generated a new annotation for this new ancestor of MTBC resulted 

from a pancestrome for all lineages of MTBC, which was made with multiple annotators. Finally, 

this new reference and pancestrome were used to infer genomic events during the 

diversification of host-specific M. tuberculosis lineages. Host-specific genomic markers have the 

potential to identify host-specific virulence markers. 

 

This work is supported by the Spanish Ministry of Science, Innovation and Universities (MICIN) 
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through CSIC’s Global Health Program (PTI+ Salud Global). 
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Seven endemic species of the wolf spider genus Hogna Simon, 1885 have been documented in 

the volcanic archipelago of Madeira. Despite their colourful bodies, large size and widespread 

distribution across the islands, they have received little attention. A recent study, which 

integrated molecular markers and morphological information, supported the current 

delimitation of most nominal species. However, the species pair Hogna insularum (Kulczyński, 

1899), present in all islands, and the large H. maderiana (Walckenaer, 1837), circumscribed to 

Porto Santo, constituted an exception. Although they are morphologically diagnosable and differ 

in their preferred habitats, mitochondrial data failed to distinguish them. Of the two main 

lineages recovered, one was exclusively formed by H. insularum haplotypes from Madeira Island, 

while the second one was a mixture between the remaining H. insularum haplotypes and those 

of H. maderiana. To test alternative hypotheses that may explain the observed inconsistencies, 

we generated double-digest restriction site-associated DNA sequencing (ddRADseq) markers 

from specimens sampled across most known populations of both species. Our genome-wide 

analysis revealed the existence of two different groups, but unlike the mitochondrial data, one 

consisted of H. insularum specimens from Madeira and Desertas Islands, while the second one 

was exclusively of H. maderiana specimens from Porto Santo. However, several H. insularum 

specimens from Porto Santo showed similar levels of introgression when compared to the two 

groups, suggesting hybridization events between the two species on this island. Similar patterns 

of introgression were also reported in wolf spiders from the Galapagos. 
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Human gut microbial community studies have increased faster over the last decade along with 

the continuous improvements in high throughput sequencing technology and shotgun 

metagenome bioinformatic pipelines for microbiota analysis. The choice of the analysis method 

will be critical in the final results since they present differences in terms of pipeline structure 

and databases. However, there is limited literature available comparing the features, 

advantages and disadvantages of each pipeline, making the pipeline choice to use often unclear. 

In this study, we applied Metaphlan3, Metaphlan 4, Humann3 and internal pipeline, to analyse 

taxonomically and functionality the faecal microbiota associated with Atopic Dermatitis 

pediatric patients belonging to a published clinical trial (Clinicaltrials.gov identifier: 

NCT02585986). The principal parameters which differed between the pipelines were the number 

of reads used in the estimation of microbial composition, Shannon index, Simpson index and 

Richness, and number of genes predicted. Our results highlight the differences in taxonomic and 

functional compositions of samples obtained from the different pipelines, and their impact on 

downstream analyses. 

  



91 

 

P-053: IN HOUSE TOOLS FOR PUBLIC META-OMICS METADATA CURATION 

 

Samuel Piquer-Esteban1,2, Wladimiro Diaz-Villanueva1, Vicente Arnau1, Andrés Moya1,2,3 

 

1. Institute for Integrative Systems Biology(I2SysBio), Universitat de València (UV) and Consejo 

Superior de Investigaciones Científicas (CSIC), Valencia, Spain 

2. Genomic and Health Area, Foundation for the Promotion of Sanitary and Biomedical Research 

of the Valencia Region (FISABIO), Valencia, Spain 

3. Centro de Investigación Biomédica en Red en Epidemiología y Salud Pública (CIBEResp), 

Madrid, Spain 

Presenter e-mail: Samuel.Piquer@uv.es 

 

Despite advances in data and metadata sharing in science, interacting and working with 

different public datasets remains challenging for meta-omics. While it is true that there are 

some initiatives designed for data reuse, most are focused on human data. To the best of our 

knowledge, currently, there are no tools to facilitate the in-house curation process of this type 

of data. Here, we present a series of scripts designed to obtain and curate metadata and FASTQ 

files associated with research projects hosted in the European Nucleotide Archive (ENA).The 

main functions include metadata downloading, checking, filtering, FASTQ files downloading, 

reviewing, and treatment (concatenation and renaming). Furthermore, we have reviewed more 

than 200 ENA projects, and applied that acquired knowledge to specially designed checking 

scripts to accompany and guide the researcher during the curation process. The objective is, 

therefore, to provide a uniform and reproducible workflow to simplify the curation of public 

sequencing data. 
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The gut microbiome is related to the health status of the host. It is known nowadays that 

antibiotic intake alters microbiota composition. However, there is not much knowledge about 

the dynamics and interactions between microbial taxa. In this work, we analyze longitudinal 

data of the gut microbiome in B. germanica treated with kanamycin. In three periods, the 

antibiotic was supplied, giving the microbiota time to recover from one antibiotic intake to the 

other. To carry out the analysis, we use two new statistical models that are not focused on pair-

wise interactions and, as a result, allow extracting information about the interactions between 

groups of bacterial taxa and how some groups affect single taxa. These models will enable us to 

identify how the antibiotic affects each bacteria: some are community-dependent, others are 

adapted, and other works together to overcome the antibiotic. These models allow recalling 

that the community works together in antibiotic conditions.  
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Amplicon-based Next-Generation Sequencing (NGS) yields high coverage in an affordable way by 

specifically amplifying regions of interest in a multiplex PCR. The possibility of designing novel 

panels targeting new regions is appealing for researchers and clinicians alike, although 

optimizing the multiplex PCR is still a major challenge. Dimer structures between primer 

sequences and off-target PCR products are especially common and troublesome. In this work, 

we have developed a pipeline to predict primer dimer and off-target formation, based on DNA 

duplex thermodynamics and genome specificity. To assess performance, we have sequenced 40 

samples using an 254-plex amplicon panel and classified short and unmapped reads as dimers or 

off-targets depending on length and sequence. Interestingly, primers that were in different 

pools during the first PCR but later pooled together in the nested PCR also displayed dimer and 

off-target formation. Compared to the actual number of reads identified as dimer or off-target 

sequences, our prediction pipeline demostrated a sensitivity of 0.91 and 0.72 and specificity of 

0.78 and 0.74, for both types of sequence respectively. Altogether, these results show that the 

pipeline has the ability to in silico predict substandard primer designs and allow the researcher 

to re-do those regions, saving both costs and time.  
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The term autism spectrum disorder (ASD) refers to neurological and developmental disorders 

phenotypically manifested as an absence of social interaction and stereotypical behavior. 

Therapy targeting gut microbiota modulations, such as fecal microbiota transplantation (FMT), 

show to alleviate the asocial and stereotypical manifestations of behavior, suggesting that the 

gut microbiome induces the ASD behavioral changes via the “gut-brain axis”. The role of 

bacteriophages in the FMT treatment of ASD has not been investigated so far. The objective of 

our study is to analyze the transmission efficiency of FMT from the human donor to the animal 

model of SHANK3 mice, with an emphasis on bacteria-bacteriophage interactions. 

Representative stool samples of FMT human donors and mouse recipients were shotgun 

sequenced on the Illumina platform. Subsequently, the samples were assembled by the 

metaSPAdes pipeline, and binned using Metabat2. Viral contigs were mined using Virsorter and 

Virsorter2 tools. Afterward, the phage-bacteria links were obtained by comparing bacterial tRNA 

sequences and CRISPR spacers with the viral contigs. The obtained viral sequences found in 

recipient and donor stool samples will be used for the design of qPCR primers targeting 

bacteriophages, aiming to monitor abundances of bacteriophages and their hosts in the full 

longitudinal series of the mice stool samples. Knowledge of bacteriophages transport through 

the FMT could not only help us understand their FMT transport and the ability of viruses to 

reproduce in the FMT recipients' gut, but also could serve as a potentially interesting 

therapeutic tool for ASD in the future. 
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Given the potential relationship between head and neck squamous cell carcinoma (HNSCC) and 

microbial dysbiosis, we used a metagenomic approach and next-generation sequencing to profile 

the microbiome from feces, saliva, and normal, peritumoral and tumoral tissue from patients 

diagnosed with HNSCC, before and after treatment with radiotherapy. 

 

The purpose of this study was to characterize the taxonomic and functional 

composition of the microbiome from samples collected before treatment, to analyze differences 

in the microbiome from different types of samples, and to compare with samples collected from 

the same patient after treatment to find biomarkers of HNSCC so that we can ultimately 

evaluate the role of the microbiome as a predictor of radiation sensitivity. 

 

We analyzed 142 saliva samples (containing 26 post-treatment samples), 139 feces samples 

(containing 25 post-treatment samples), and 239 tissue samples. We first described and 

compared the taxonomic and functional differences between the samples according to their 

origin, including alpha, beta-diversity and LEfSe analyses, focusing on those differentially 

present taxa and genes. Likewise, we analyzed differences in saliva and faeces between before 

and after treatment and its impact on bacterial composition, abundance, and diversity. This 

work provides a foundation for future studies aimed at understanding the role of the 

microbiome in HNSCC.  
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Mercury (Hg) is one of the most dangerous, pervasive, and concerning pollutants. Sources of Hg 

can be anthropogenic and natural. Among the natural sources, hydrothermal vents are fissures 

on the sea floor that contribute to the release of Hg-containing geothermally heated fluids into 

seawater. In the ocean, several biological transformations of Hg determine the concentration of 

methylmercury (MeHg), a neurotoxin that bioaccumulates and biomagnifies in aquatic food webs 

and that might cause adverse health effects in severely exposed populations. The diversity and 

potential metabolic roles of microorganisms implicated in Hg transformations at hydrothermal 

vents are still largely unknown and even less when it comes to shallow hydrothermal vents 

(SHV), which are located above 200m depth. The current thesis project aims to determine the 

role of microorganisms in different Hg transformations and their contribution to MeHg 

production at diverse SHV sites. For this, we will quantify Hg species transformations and 

identify the microbial keyplayers and metabolic pathways involved in such processess, through 

metagenomic and metatranscriptomic analyses. The abundance and expression of genes 

involved in Hg methylation and demethylation (hgcAB gene cluster and mer genes operon, 

respectively) will be evaluated at 5 SHV locations: Panarea (Italy), Paleochori (Greece), Dom 

Joao de Castro Seamount (Portugal), Prony Bay (France) and Bahía Concepción (Mexico). 
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Oxidative stress is a common stress for many organisms as it can be generated as a by-product 

of aerobic respiration and different response strategies have therefore evolved. An organism 

responds to stress to maintain the redox homeostasis within the cell, hence, the cellular 

response to acute and chronic stress may not be the same. In this work, we set out to determine 

the transcriptional response that the yeast, Saccharomyces cerevisiae, has to this common 

stress of oxidation both during acute and chronic exposure. We determine the transcriptional 

response (RNAseq) and fitness effects of S. cerevisiae populations to oxidative stress (induced by 

hydrogen peroxide supplemented medium) compared to normal growth conditions (in YPD). The 

chronic response is obtained by evolving populations of S. cerevisiae under continuous exposure 

to oxidative stress for 66 generations (10 passages of 10% bottlenecks), whereas the acute 

response was determined under a short induction with hydrogen peroxide (24h, 6.6 

generations). In previous studies, we have observed that anciently duplicated genes (small-scale 

and whole-genome duplicates) are particularly transcriptional plastic and are often at the 

centre of stress responses (osmotic and acidic stress, coupled with alternative non-fermentative 

carbon sources), showing a core of altered genes linked to this general oxidative stress 

response. We, therefore, have a special interest in duplicated genes. Overall, our analyses show 

that there is a clear difference in the transcriptional response to acute and chronic oxidative 

stress, with duplicated genes playing a bigger role in acute than in chronic response.  
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The bacterial composition of the gut microbiota can change due to different factors, such as 

diet, age, tissue, host genetics, and antibiotic treatment. These changes may foment a dysbiotic 

state of the microbiota that could affect the functional capabilities of the gut microbiota and, 

thus, affect the healthy status of the host. In this work, we used a metagenomic approach to 

analyze the gut microbiota of populations of Blattella germanica treated with kanamycin and 

the effect of treatment on the microbiota's functional profile. We analyzed amplicon sequencing 

data using QIIME2 and PICRUSt2 software to infer the metabolic pathways that the microbiota 

was performing. We also determined the robustness factors of the microbial populations over 

time. We found that kanamycin can disrupt the normal functional profile and the 

communication among the members of the microbiota and significantly increases the presence 

of defensive pathways such as ABC transporters. We also found that 13 taxa, mainly from the 

phyla Firmicutes and Proteobacteria, carried the kanamycin kinase enzyme, which is responsible 

for the degradation of aminoglycosides such as kanamycin. We demonstrated that kanamycin 

impacts the bacterial composition of the gut microbiota and its functional profile indirectly.   
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Fecal samples were collected for 30 a priori healthy subjects every 30 days during a period of, 

approximately, 8 months. After elimination of samples of effectively non healthy subjects 

(illness discovered after sample collection) or perturbation (antibiotic intake), 157 samples from 

29 individuals were considered. From metagenomic data, metabolic networks were obtained 

using KEGG data and computational reconstruction techniques, resulting 157 networks modelled 

as reaction graphs. Those networks were simplified to mDAGs (metabolic Directed Acyclic 

Graphs) using the methodology described by Alberich et al. (2017), which consist on a 

condensation of the reaction graph that preserves the relations between reactions, and yields a 

directed acyclic graph, i.e., a graph without directed cycles. A pairwise distance, as defined in 

(Alberich et al. (2017), was calculated among the 157 mDAGs. The comparison results, analysed 

through exploratory data analysis, shows discrete clusters not related with age groups, 

suggesting that metabolic networks oscillate over well defined states, at least in healthy 

people.  
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Polycomb Repressive Complex 1 (PRC1) is a complex known to perform transcriptional 

repression along the genome in different cell types. RING1B is the core catalytic subunit of this 

complex, being its function the monoubiquitination of H2AK119 leading to transcriptional 

repression. Despite its repressive role in developmental regulated genes, recent publications 

have described its transcriptional activating function in some cellular contexts such as 

neurodevelopmental processes and cancer. Here, we demonstrate that RING1B is over-expressed 

in two fusion-driven sarcomas, Alveolar Rhabdomyosarcoma (ARMS) and Ewing Sarcoma (EwS). 

Alveolar Rhabdomyosarcoma emerges from a failure in muscle differentiation where a 

chromosomal translocation generates a fusion gene, PAX3-FOXO1 that maintains the cell in a 

proliferative and undifferentiated state. On the other hand, Ewing Sarcoma cell of origin is 

thought to be a mesenchymal stem cell and commonly appears in bone and soft tissues. It is 

characterized by the presence of the fusion gene EWSR1-FLI1 that acts as a transcription factor 

that leads to tumor formation. Both diseases predominantly affects adolescents and young 

adults. Using ChIP-seq technology, we demonstrate that RING1B co-localizes genome-wide with 

the fusion protein of each tumor both in cell lines (RH30 and A673) and in PDX mouse models 

(HSJD-ARMS-006). These findings establish that RING1B is a key modulator of chromatin 

remodeling induced by fusion proteins and its inhibition might open a new therapeutic strategy 

for these tumors. 
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The molecular mechanisms on which human aging is based have been extensively studied over 

the past decades, including metabolic and signalling pathways, and gene regulation. 

Furthermore, the mechanisms that induce or repress this phenomenon are also well known: 

cellular stress, nutritional restriction, radiation, etc. Saccharomyces cerevisiae, the budding 

yeast, has been widely used as a model organism to study, specifically, the signaling 

mechanisms involved in aging, being the most prominent ones the Ras/cAMP/PKA, TORC1/Sch9 

and Snf1/AMPK pathways, due to the great homology between humans and yeast. In the present 

work, and based on the state of the art in the yeast signalling field, we develop a mathematical 

model based on ordinary differential equations (ODEs) implemented in Python and MatLab in 

order to predict cell behavior in its stationary phase under different nutritional regimens and 

radiation conditions. To calibrate the model, experimental data will be generated both in 

Valencia and in the Canfranc Underground Laboratory. The aim is contributing to elucidate the 

role of cosmic radiation in aging using an iterative method that combines in silico predictions 

with experiments to gain knowledge on the key molecular mechanisms involved (through the 

calibration, predictions and validation of the mathematical model). Then, we study the 

differential expression of genes at different times of aging using RNA-Seq experiments in order 

to see the evolution of gene expression in this phenomenon.  
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Cyprideis torosa (Jones, 1850) is a small ostracod crustacean found in brackish habitats (Meisch, 

2000). When raised in low salinity conditions, its shell forms protruding features called nodes 

(Keyser & Aladin, 2004; van Harten, 2000). This physiological response has made C. torosa fossils 

a useful tool for reconstructing salinity in palaeoenvironmental analysis (Rosenfeld & Vesper, 

1977). More recently, and beyond paleoecology, C. torosa has been presented as a model 

organism for all ostracods (de Deckker & Lord, 2017), thanks to its widespread Palearctic 

distribution and the broad range of salinity and oxygen concentrations it can tolerate. Yet, the 

genome of this species is little studied. The assembly of the first C. torosa genome (Tran Van et 

al., 2021) was a key step towards a better understanding of this species and ostracod genomes 

in general. However, due to methodological limitations, it was incomplete. Here, we produced 

long-fragment and high-quality RNA libraries of pooled individuals, which were sequenced using 

the PacBio Sequel II platform. RNA sequencing generated 2.2x106 HiFi reads (8.6 Gb data, with 

3.8kb mean length) which resulted in a more accurate genome annotation and new information 

on the different isoform transcripts being expressed under extreme salinity conditions. In 

particular, the new data was used to identify the hemocyanin gene for the first time in 

Podocopida and analyze its gene structure. 

  

mailto:Ximena.Altonar@uv.es


103 

 

P-065: ROBUST CONTROL OF BIOCIRCUITS FOR SYNTHETIC BIOLOGY APPLICATIONS: THE 
TOGGLE-SWITCH STABILIZATION PROBLEM UNDER MOLECULAR NOISE 

Christian Fernández1, Hamza Faquir1, Manuel Pájaro2, Irene Otero-Muras1 

 

1. Computational Synthetic Biology Group, Institute for Integrative Systems Biology (UV-CSIC), 

University of València - Spanish National Research Council, 46980 Paterna, València. 

2. Department of Mathematics and CITIC research center, University of A Coruña, Campus Elviña 

s/n, 15071 A Coruña 

Presenter e-mail: christian.fernandez.perez@csic.es 

 

One of the challenges towards real world implementation of synthetic biological circuits for 

cutting edge industrial, biomedical, or environmental applications is achieving robust control of 

the biocircuits behaviour for the correct functioning in presence of disturbances and molecular 

noise. Control of biocircuits is an active area of research, in which some significant advances 

have been recently achieved including the antithetic control by Briat et al., 2016, and Aoki et 

al., 2019 capable of perfect adaptation even in presence of stochastic noise, and the balancing 

of toggle switches at the level of single cell by Lugagne et al., 2017. 

 

The inherent stochasticity of gene expression makes it very challenging to control gene 

regulatory networks. In this work, we exploit a recent very efficient stochastic modeling 

approach for gene regulation based on Integro-Differential Equations (PIDE) model developed by 

Pájaro et al., 2017. Combining this model with feedback control theory, we develop strategies 

to drive and keep the biocircuits under control at a desired stationary state. Here, we show how 

we achieve the closed-loop stabilization of an stochastic gene switch around the state of lowest 

probability. We successfully applied this integrative methodology to two different case studies 

of relevance in synthetic biology: a Toggle Switch based on Transcriptional Regulation, and a 

Toggle switch based on CRISPRi regulation (a hallmark of CRISPR interference mediated 

regulation systems developed in the group of Yolanda Schaerli by Santos-Moreno et al., 2020). 

We achieved the stabilization of the two switches around the desired reference state in silico 

and now we plan to implement our control strategy in vivo. Using the transcriptional regulation 

toggle switch, we will first calibrate our model with flow cytometry data and then implement 

the control with a computer-in-the-loop, using a microfluidics platform in combination with 

time-lapse microscopy.  

 

Acknowledgments CF and IOM acknowledge funding from the GAIN Oportunius Grant Xunta de 

Galicia and MCIN/AEI/10.13039/501100011033 funding through grant PID2021-127888NA-I00 

(COMPSYNBIO). HF and IOM acknowledge funding from e-MUSE MSCA-ITN-2020 European Training 

Network under Marie Sklodowska-Curie grant agreement No 956126. MP acknowledges support 

from grant FJC2019-041397-I funded by MCIN/AEI/10.13039/501100011033.  

mailto:christian.fernandez.perez@csic.es


104 

 

P-066: SARS-COV-2 MUTATIONS ASSOCIATED TO BREAKTHROUGH INFECTIONS AND 
DIFFERENT CLINICAL OUTCOMES 

 

Simón Rodríguez Santana1*, Eugenia Ulzurrun2,3*, Paula Ruiz-Rodriguez4*, Miguel Álvarez-

Herrera4*, Roi Naveiro1,8*, Daniel García Rasines5*, Carmen Gil2, Carlos Óscar Sorzano3, David Ríos 

Insua1, Nuria E. Campillo1,2, Iñaki Comas6,7, Fernando González-Candelas4,7, Mireia Coscollá4 

 

1. Institute of Mathematical Sciences, (ICMAT-CSIC) 

2. Center for Biological Research Margarita Salas, (CIB-CSIC) 

3. National Centre for Biotechnology, (CNB-CSIC) 

4. Institute for Integrative Systems Biology, FISABIO Joint Unit, (I2SysBio CSIC-UV, FISABIO) 

5. Department of Mathematics (Imperial College London) 

6. Institute of Biomedicine of Valencia, (IBV-CSIC) 

7. CIBER in Epidemiology and Public Health, (CIBERESP) 

8. CUNEF Universidad 

*. Contributed equally 

Presenter e-mail: mireia.coscolla@uv.es 

 

Determining the impact of SARS-CoV-2 mutations on immune evasion is essential for 

understanding the dynamics of the epidemic. Here we aim to identify SARS-CoV-2 mutations 

associated with breakthrough infections or hospitalization. We employed several sets of clinical 

data and SARS-CoV-2 genomes from Spain. We used over 25,000 SARS-CoV-2 sequences obtained 

from patients with information about the severity of the infection (hospitalization and ICU 

admission) and vaccination status. In addition, we studied the prevalence of certain viral 

mutations, pairs of mutations, and haplotypes based on the vaccination status of more than 

5,000 patients using their respective SARS-CoV-2 sequences. We employed three different 

computational approaches to identify genetic determinants. Our first approach was based on 

genome-wide association studies. Second, we counted the frequencies of whole-genome 

haplotypes associated with a certain clinical outcome, testing the associations with a Chi-square 

test. Finally, we fit a hierarchical group lasso model that allows for the presence of individual 

effects and pairwise interactions between all the covariates employed, including not only the 

sequenced genomic data, but also patient's age, sex and sample date. This enables this last 

approach to control for all of these contributions, selecting functionally relevant gene products 

, including E, M, N, ORF8 and NSP12 (RdRP). Graphs built from the pairwise interactions 

selected by the model provided insight into the community structure for important mutations. 

We identified some of the most prevalent individual positions previously associated with 

immune escape, which serves as a good benchmark. Moreover, we found other relevant 

interactions and haplotypes that have not been reported in the literature yet and, in some 

cases, have stronger effects on the final outcome for the patient than individual mutations.  
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The tendency toward increasing complexity in biological evolution is a controversial issue in 

biology. Having a complexity measure can help with its resolution. We suggest appealing to 

genomes to measure complexity because they store information about the biotic and 

environmental interactions of species in their evolutionary history. 

 

Here, we have determined the genome complexity of a large number of genomes by applying 

three complexity metrics: Biobit (BB), Genomic Signature (GS), and Sequence Compositional 

Complexity (SCC). Many species belonging to Archaea, Bacteria, and Eukarya were selected, and 

the genomes metrics were calculated and correlated with genome size. 

 

The results were different according to metrics. BB appears to correlate positively with genome 

size at the phylum level. The other two metrics (GS and SCC) are more elusive. Although there 

seems to be a trend towards higher value with increasing genome sizes, at least among the 

three major domains (Archaea, Bacteria, and Eukarya), intra-phyla heterogeneity is very high 

for those metrics. It suggests that these metrics are greatly affected by the particular ecology 

and evolution of the species. 
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Soft-bodied marine animals, such as marine sponges and nudibranchs, use bioactive molecules 

to protect themselves from their predators. Their microbiomes are seen as a possible source of 

new bioactive compounds. Sequencing of the 16S rRNA gene amplicons represents the first 

insights into the presence of novel bacterial groups that might be further investigated for their 

biosynthetic potential. In contrast to marine sponges, the nudibranch microbiome still contains 

a large portion of unknown bacteria. 

 

Characterization of the nudibranch microbiome is challenging due to under representation of its 

symbiotic bacteria in conventional databases. In our previous single-cell genomics study of 

nudibranch microbiome, we detected a new member of Tethybacteriales, an uncultured order 

of endosymbiotic microbes recently discovered in marine sponges which is not yet included in 

conventional databases. To improve classification of novel bacterial groups detected in 

nudibranch samples, we took as a baseline the SBDI Sativa curated 16S GTDB database (SBDI; 

2021) and enriched it with Tethybacterales 16S rRNA gene sequences. We classified a dataset of 

83 nudibranch microbiome samples using our enriched database and compare it with other two 

conventional databases: GTDB and SILVA SSU using the IDTAXA classifier of the DECIPHER 

package. The enriched database managed to improve read classification capacity at the genus 

and family taxonomic levels, compared to the conventional databases. Our results highlight the 

importance of database enrichment strategies for analysing microbiomes containing a large 

portion of recently discovered novel bacterial taxa. 
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In the search for the assessment of a genome’s complexity and its comparison between 

organisms, several complexity metrics have been proposed by the literature in recent years. 

Genomic Signature1 (GS) is a k-mer-based metric, the value corresponding to the k-mer that 

maximizes the difference between observed and expected equifrequent classes of mers. This 

metric is based on the relative abundances of short oligonucleotides and chaos game 

representation applied to genomes. BioBit1 is also a k-mer-based metric based on the difference 

between the maximum entropy for a k-mer of a random genome of the same length as the 

genome under consideration and the entropy of that genome for such a k-mer. Finally, 

Sequence Compositional Complexity1 (SCC) is another metric that increases with the number of 

parts (i.e., compositional domains) and the length and compositional differences found in a 

genome sequence by a segmentation algorithm, paralleling the concept of ‘pure complexity’ of 

McShea and Brandon. In this study, we measured those metrics to an initial genome (E. coli) 

that evolved by a mutation substitution model with no selection using ALF2, a simulation 

framework for genome evolution. We have observed that the three metrics decrease with 

evolutionary time. We conclude that genome complexity also falls in the absence of natural 

selection.  

Moya, A., Oliver, J.L., Verdú, M. et al. Driven progressive evolution of genome sequence 

complexity in Cyanobacteria. Sci Rep 10, 19073 (2020). https://doi.org/10.1038/s41598-020- 

76014-4 2. 

 Daniel A. Dalquen, Maria Anisimova, Gaston H. Gonnet, Christophe Dessimoz, ALF—A Simulation 

Framework for Genome Evolution, Molecular Biology and Evolution, Volume 29, Issue 4, April 

2012, Pages 1115–1123, https://doi.org/10.1093/molbev/msr268  
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We present a new coarse-grained model for molecular dynamics simulations of very long 

segments of B-DNA. The developed approach uses a one bead per nucleotide representation and 

a sequence-dependent Hamiltonian containing bonded and non-bonded contributions. The 

model is calibrated against a dataset of representative all-atom molecular dynamics simulations 

of DNA, considering both local and global descriptors. The simulation method is computationally 

very efficient allowing the dynamical representation of chromatin-scale segments of DNA at the 

nucleotide level with very high quality. Interestingly, the coupling of the coarse-grained 

simulations with a machine learning model trained with independent all-atom molecular 

dynamics data, allows to recover atomistic trajectories of a quality indistinguishable from those 

using all-atom representation in solution but with a computational efficiency enabling 

simulations of kilobase pair-long DNA segments. 
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Vibrio genus is made up from more than one hundred different species that inhabit aquatic 

environments. Some of them are able to cause several diseases to both animals and humans. 

The incidence of these illnesses is arising due to climate change, which allows bacteria to 

colonise traditionally colder environments. This is especially true on Vibrio vulnificus, a 

zoonotic bacterium that causes vibriosis, with the highest fatality rate of any foodborne 

pathogen. There are several horizontal gene transfer mechanisms in bacteria that can turn non-

virulent strains into harmful and dangerous strains that can cause disease. Recent studies have 

shown that fish farms act fuelling the genetic exchange among V. vulnificus and many other 

bacteria, producing new pathogenic variants on the species that are harmful in public health. 

One of those mechanisms that allow the genetic flow between bacteria is transduction. When 

phages assemble their DNA to produce new virions particles, it can sometimes carry bacterial 

genes along with them that are passed to other bacteria. This includes virulence and 

antimicrobial resistance (AMR) encoding genes. In this study, we performed a genomic analysis 

on 310 V. vulnificus strains coming from different sources, including environmental and 

pathogenic strains. By using software based on machine learning algorithms, we were able to 

identify and annotate prophage regions within the genomes. Interestingly, those new prophage 

regions harboured virulence and AMR genes. With this first step, we are close to understand how 

new pathogenic variants emerge in V. vulnificus and create effective strategies to control them. 
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The monitoring of mountain lakes contributes to studying the impact of climate change, given 

their great vulnerability to climatic fluctuations and growing anthropic pressure. These factors 

alter the biomass and microbial activity that are crucial for the functioning of ecosystems. 

Therefore, mountain lakes are perfect sentinels for the study of microbial biodiversity in the 

context of climate change. The project "AndorrAigua" has as its main objective to capture the 

first image of the microbial biodiversity of emblematic lakes of the Principality of Andorra using 

a simple, fast and cost-effective workflow. The project will focus on the collection of samples 

and subsequent 16S rRNA gene sequencing with the portable nanopore technology. This 

procedure will allow us to identify the distinct taxonomic groups, as well as their relative 

concentrations in each of the altitude lakes. With Andorra as a small-scale living laboratory, we 

could contribute to biodiversity genomics and establish a valuable starting point for future 

efforts to study the adaptations and perils of mountainous freshwater microbiota. 
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Oxidative stress plays a pivotal role in the pathogenesis and progression of diabetes. Our aim is 

the study of the genetic interaction of genes related with type 2 diabetes mellitus 

(dyslipidemia, obesity, redox homeostasis, renin-angiotensin-aldosterone system and metal 

transporters) and oxidative stress in general population of Spain (Hortega Study). For this 

purpose, 1502 adults from area of the University Hospital Rio Hortega, were studied. It was 

analyzed 900 single nucleotide polymorphisms from 272 candidate genes. The oxidative stress 

biomarkers used were oxidized to reducedglutathione ratio, malondialdehyde and 8-oxo-7,8-

dihydroguanine. Have been found significant associations between the oxidative stress levels 

and risk of developing type 2 diabetes mellitus in two polymorphisms: rs196904 (ERN1 gene) and 

rs2410718 (COX7C gene); and haplotypes of the following genes: SP2, HFF1A, ILI8R1, EIF2AK2, 

TXNRD2, PPARA, NDUFS2 and ERN1. COX7C and TXNRD2 encode enzymes that have a direct role 

in the elimination of reactive oxigen species; SP2, HFF1A, HFF1A, EIF2AK2, PPARA, ERN1, 

NDUFS2 are involved in pathways related to apoptosis caused by high levels of oxidative stress. 

These results could be of great interest to understand the connection between oxidative stress 

and the development of diabetes. 
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The genus Squamarina was introduced by Poelt in 1958 and includes species of lichenized 

ascomycetes distributed mainly within the northern hemisphere, which develop on calcareous 

and siliceous rocks or clay and gypsum soils. Most have squamulose, sometimes lobed, saxicolous 

or terricolous thalli, often with abundant and conspicuous apothecia. Although Squamarina 

species are common in Mediterranean ecosystems, comprehensive studies on the genetic and 

phylogenetic diversity of mycobionts and phycobionts involved in these symbioses have not yet 

been carried out in Europe. In the present study, thalli were collected from different localities 

in the northern and eastern Iberian Peninsula, Balearic Islands and several Macaronesian 

Archipelagos (Canary Islands, Madeira and Cape Verde). The identity and genetic diversity of 

mycobionts and phycobionts were studied by phylogenetic approaches using nrITS molecular 

data, and the identity of the microalgae was also corroborated with the observation of their 

ultrastructures by transmission electron microscopy. Additionally, interaction patterns between 

the different lineages of myco- and phycobionts were analyzed, and the relative importance of 

the genetic identity of each symbiont, macroclimate, geography and substrate in determining 

the variation in myco- and photobiont diversity was quantified by a variance partitioning study. 

The results revealed an unexpectedly high genotypic diversity in mycobionts of the genus 

Squamarina that associate with seven species of chlorophyte microalgae of the genera 

Asterochloris Puymaly, Vulcanochloris Tschermak-Woess and Trebouxia Vancurová, Peksa, 

Nemcová & Ŝkaloud. In symbiotic interactions, specificity patterns varied among the different 

species revealing, in most cases, a remarkable flexibility in phycobiont selection. However, the 

genetic identity of the myco- and phycobiont proved to be a key factor in the diversity and 

distribution of the Squamarina species, which would have allowed the colonization of 

bioclimatically diverse environments through the establishment of symbiosis with phycobiont 

species that might be more adapted to local conditions. 

 

PROJECTS: PROMETEO/2021/005 (GVA to EB) and PID2021-127087NB-I00 (Ministerio de Ciencia e 

Innovación to IGB). 
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The improvement of economic, hygienic-sanitary conditions and health promotion has led to a 

progressive aging of the Spanish population, which comes with several health issues, including 

mental health disorders. The gut-brain axis is a bidirectional network linking the central nervous 

system with gastrointestinal tract. The presence of certain bacterial taxa and their associated 

metabolic functions could be influencing the normal functioning of the brain and triggering 

physiological disorders. We took a case-control approach to study the interplay between gut 

microbiota and mental health of elderly people. Fecal and saliva samples from 101 healthy 

volunteers over 65 were collected, 28 of which (EE|MH group) reported being treated for 

anxiety, depression, and insomnia. 16S rRNA gene sequencing and metagenomic sequencing 

were applied to determine the differences between intestinal and oral microbiota. Significant 

differences in genera were found, specifically eight in the gut microbiota, and five in the oral 

microbiota. Additional functional analysis of fecal samples showed differences in five 

orthologous genes related to tryptophan metabolism, the precursor of serotonin and melatonin, 

and in six categories related to serine metabolism, a precursor of tryptophan. Moreover, 

pathways regulating longevity, the dopaminergic synapse, the serotoninergic synapse, and two 

amino acids had significant inter-group differences 
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Histone modifications are widely accepted to play a causal role in the regulation of gene 

expression. This role has been recently challenged, however, by reports showing that gene 

expression may occur in the absence of histone modifications. To address this controversy, we 

have generated densely-spaced transcriptomic and epigenomic maps in a time-course cell 

homogeneous system that occurs with massive transcriptional changes. We found that the 

relationship between histone modifications and gene expression is weaker than previously 

reported, and that it can even run contrary to established assumptions, such as in the case of 

H3K9me3. Our data suggest a model that reconciles the seemingly contradictory observations in 

the field. According to this model, histone modifications are associated with expression only at 

the time of initial gene activation, when they are deposited in a dominant order at promoter 

regions, generally preceding deposition at enhancers. Further changes in gene expression, even 

larger than those occurring at gene activation, are essentially uncoupled from changes in 

histone modifications. Genes are in a very limited number of major chromatin states which 

mostly remain stable over time. Data available during mouse development largely recapitulates 

this model. Our work provides a first sketch of the epigenetic logic underlying gene activation in 

eukaryotic cells. 
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Functional enrichment analysis is a cornerstone in bioinformatics as it makes possible to identify 

functional information by using a gene list as source. Different tools are available to compare 

gene ontology (GO) terms, based on a directed acyclic graph structure or content-based 

algorithms which are time-consuming and require a priori information of GO terms. 

Nevertheless, quantitative procedures to compare GO terms among gene lists and species are 

not available. Here we present a computational procedure, implemented in R, to infer 

functional information derived from comparative strategies. GOCompare provides a framework 

for functional comparative genomics starting from comparable lists from GO terms. The program 

uses functional enrichment analysis (FEA) results and implement graph theory to identify 

statistically relevant GO terms for both, GO categories and analyzed species. Thus, GOCompare 

allows finding new functional information complementing current FEA approaches and extending 

their use to a comparative perspective. To test our approach GO terms were obtained for a list 

of aluminum tolerance-associated genes in Oryza sativa subsp. japonica and their orthologues in 

Arabidopsis thaliana. GOCompare was able to detect functional similarities for reactive oxygen 

species and ion binding capabilities which are common in plants as molecular mechanisms to 

tolerate aluminum toxicity. Consequently, the R package exhibited a good performance when 

implemented in complex datasets, allowing to establish hypothesis that might explain a 

biological process from a functional perspective, and narrowing down the possible landscapes to 

design wet lab experiments. 
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Access to robust and scalable computing environments is nowadays a must for even the smallest 

bioinformatics research lab or startup company. Often, suitable on-premise infrastructures are 

unavailable or financially out of reach for such entities. For most, using cloud computing 

platforms such as Amazon Web Services (AWS) are the solution of choice to this problem. 

Integrating Nextflow pipelines in such environments provides obvious benefits in terms of 

scalability and computational reproducibility, but is not trivial to implement for the uninitiated. 

At Flomics (a biotech startup company operating in the liquid biopsies space and with a strong 

computational component), we have built our entire bioinformatics environment around 

Nextflow and nf-core pipelines in AWS. We will share our experience setting up our cost 

effective computing infrastructure, how we customized it to our needs using e.g. serverless 

functions, and share some of the lessons we learned in the process. 
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Fertility and ageing are key phenotypes to understand fitness trade-offs that have shaped 

human biology. As Antagonistic Pleiotropy predicts, genetic variants that are risk factors for 

disease can be tolerated or even selected if they also determine an advantage in early-life 

fertility. Contemporary human populations are characterized by reduced fertility rates and 

increased prevalence of complex diseases. However, it is still unclear how recent demographic 

transitions are shaping patterns of natural selection. In the present study we use genomic data 

to evaluate the shared pleiotropic landscape between fertility and complex diseases in an 

evolutionary perspective. We show that positive genetic correlations are more common in early-

onset diseases. Also, positive and negative pleiotropies have different accumulation curves with 

positive pleiotropies increasing at earlier disease onset. When evaluating signals of positive 

selection results suggest differential selective pressures acting over positive and negative 

pleiotropies. Overall, our findings suggest that the role of fertility in shaping modern disease 

patterns is consistent with the Antagonistic Pleiotropy theory of human ageing. 
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Ten percent of heritable diseases are caused by nonsense mutations. Nonsense mutations are 

single nucleotide alterations that generate premature termination codons (PTCs). These 

mutated genes are considered to behave as null alleles, since they produce truncated proteins 

and the transcript is targeted by nonsense-mediated RNA decay (NMD). This pathway recognizes 

and degrades mRNA species with a PTC, in order to protect the cell from toxic truncated 

proteins. Although the biological relevance of NMD is evident, there is still a gap in 

understanding the genetic determinants that govern NMD and the underlying molecular 

mechanisms. The efficiency of NMD differs strongly across nonsense mutations, with many 

mutations being fully resistant to NMD and sometimes able to translate partially functional 

truncated proteins, questioning the classical assumption that all nonsense mutations behave as 

null alleles. This variability is partially explained by previously described NMD mechanistic 

models, but still there are many cases in which these models fail to predict the efficiency of 

NMD. Our objective in this project is to better understand how the sequence landscape 

modulates the effect of the PTCs on transcript expression. We performed systematic deep 

mutational scanning (DMS) experiments in human cell lines to validate, refine and learn new 

NMD rules, to improve our ability to predict the extent to which different stop codons in the 

human genome do or do not trigger transcript degradation. For instance, we have seen that the 

position of the PTC within the exon correlates with NMD efficiency, where those PTCs placed in 

the 5’ end display higher NMD resistance than those near the 3’end. In addition, we have also 

been able to elucidate an accurate quantitative map of the 5’end-mediated NMD protection 

along the 5’end of a transcript, and break down such effects into two causal mechanisms: a 

methionine-dependent (driven by translation reinitiation) and a methionine independent 

mechanism of 5’ NMD evasion (with less clear mechanistic basis). Also, by randomizing the 

nucleotides surrounding the PTC, we have been able to capture the effect of sequence context 

on NMD. To ascertain relevance of our experimental results to genetic variation observed in 

human cell lines, we are currently assessing how the observations obtained in these experiments 

explain NMD variability in RNA-seq data from the TCGA tumors and the GTex healthy human 

tissues, as well as trying to derive improved NMD predictive models. Together, these results 

expand our knowledge of ways in which nonsense mutations regulate transcript expression in 

human cells with all its potential applications downstream. 
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The vast majority of variants on human protein-coding genes – including the most studied 

disease genes – are variants of uncertain significance, meaning that their phenotypic effects and 

their contribution to human disease are unknown. In order to carry out their functions, proteins 

need to fold into stable spatial conformations: their native structures. Accordingly, reduced 

protein fold stability or solubility is the most common mechanism by which missense mutations 

can lead to disease. 

 

Recently, deep learning methods have leveraged the large amounts of structural data for a wide 

range of proteins generated throughout decades of work in the structural biology community to 

accurately predict protein structure from sequence alone. This type of approach could be 

readily applied to many other traits of proteins; however, large datasets covering a wide range 

of proteins and biophysical traits other than structure are scarce. 

 

We are to filling this gap by generating a large dataset of protein stability of all single amino 

acid substitutions in a diverse set of ~1000 human protein domains enriched in disease-

associated genes. To do this, we are using a yeast in vivo protein abundance assay in which the 

growth of yeast is coupled to the fold stability and solubility of a target protein. We will present 

our progress so far on the selection of target domains for mutagenesis, and our ongoing efforts 

that currently stand at ~300,000 amino acid substitution measurements in ~450 domains 

covering >100 unique protein families. 

 

We believe that our datasets will be useful to better understand, predict and engineer the fine 

balance of forces that govern the folding of proteins, implications for clinical genetics and 

biotechnological applications. 
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Alternative polyadenylation (APA) is a widespread mechanism of gene regulation that generates 

mRNA isoforms with distinct 3ʹ ends. APA is well known to be regulated during cell 

differentiation and is a major source of gene regulation in the brain. Proliferating cells tend to 

have shorter 3’ UTRs while differentiated cells have longer 3’UTRs. Changes in APA patterns are 

not only characteristic of cellular differentiation but also have been associated with 

pathological processes such as cancer or neurodegenerative diseases like Alzheimer’s disease 

(AD). The rapid development of 3’tag-based single-cell RNA sequencing (scRNAseq) has enabled 

the study of gene expression at the individual cell level and the implementation of methods for 

describing APA sites at single cell resolution. Here we present SCALPEL, a tool for characterising 

APA sites at single cell resolution using 10X Genomics or Dropseq scRNA-seq dataset. SCALPEL 

allows quantifying RNA expression at isoform level and single-cell resolution and identifying 

changes in isoform usage across cell populations and conditions. We used SCALPEL to study the 

changes in APA during the differentiation of induced pluripotent stem cells (iPSCs) to 

neuroprogenitor cells (NPCs). The results from our analysis show clear changes in 3’end usage 

between iPSCs and NPCs. We project to use SCALPEL to investigate the role of APA in neural 

differentiation and its role in the development of AD and how APA changes during neural 

differentiation and how these changes are altered in AD. 
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