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OPENING KEYNOTE 

The story of the discovery of microRNA: several cases of serendipity 

 

Giuseppe Macino1, 

 1University of Rome - La Sapienza  

It has been over 30 years since microRNAs (miRNAs) were first discovered, and even today, 
new functions are still being attributed to them. The awarding of the 2024 Nobel Prize to Victor 
Ambros and Gary Ruvkun finally recognizes the importance of their groundbreaking work, 
along with the contributions of many others who have advanced our understanding of miRNA 
mechanisms. 

The story of miRNA discovery highlights the vital role of basic science in model organisms and 
the power of serendipity in scientific breakthroughs. In fact, several key insights into miRNA 
structure and function arose from unexpected observations. 

In the following, I will recount the story of the people and experiments that led to this 
fundamental discovery in biology. 

  
  



 

 

MINISYMPOSIUM I Epigenetics variability 

Dietary regulation of epigenetic modifications 

 

Katia Petroni 

Dipartimento di Bioscienze, Università degli Studi di Milano, Italy 
 

Epigenetic modifications, including DNA methylation, histone modifications and non-

coding RNA regulation, play a central role in the control of gene expression without altering 

the DNA sequence. A growing number of studies highlights the impact of dietary factors on 

these processes, suggesting that nutrition can influence health and disease risk through 

epigenetic mechanisms. Nutrients such as folate, vitamins B and polyphenols modulate 

epigenetic enzyme activities, affecting DNA methylation patterns, chromatin structure and 

gene transcription. Both experimental and epidemiological studies demonstrate that diet is a 

major environmental determinant, capable of establishing long-lasting epigenetic marks during 

early embryo development as well as shaping the epigenome across the lifespan with 

implications for health and disease. Animal-based studies has further highlighted the capacity 

of different diets and specific plant bioactives to remodel chromatin. Interestingly, the long-

term supplementation with a diet enriched in cyanidin 3-glucoside in mice induced significant 

changes in H3K4me3 in promoter regions of genes related to metabolism and inflammation. 
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Dysfunctional chromatin landscape in human diseases 

 
Valentina Rosti1,2, Giovanni Lembo3, Cristiano Petrini3, Francesca Gorini2, Roberto Quadri2, 
Chiara Cordiglieri2, Margherita Mutarelli4, Elisa Salviato3, Elisabetta Casari5,6, Emanuele di Patrizio 
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Francesco Ferrari3,10, Chiara Lanzuolo1,2 

1 ITB-CNR, Institute of Biomedical Technologies, National Research Council, Segrate, Italy  
2 INGM Istituto Nazionale Genetica Molecolare “Romeo ed Enrica Invernizzi”, Milan, Italy  
3 IFOM-ETS, the AIRC Institute of Molecular Oncology, Milan, Italy  
4 ISASI-CNR, Institute of Applied Science and Intelligent Systems, National Research Council, Pozzuoli, Italy 
5 Division of Pathology, Fondazione IRCCS Ca' Granda Ospedale Maggiore Policlinico, Milan, Italy  
6 Department of Pathophysiology and Transplantation, University of Milan  
7 Department of Clinical Sciences and Community Health, University of Milan, Italy  
8 Department of Urology, IRCCS Foundation Ca' Granda Ospedale Maggiore Policlinico, Milan, Italy 
9 Università degli studi di Salerno, Fisciano, Italy 
10 IGM-CNR, Institute of Molecular Genetics "Luigi Luca Cavalli-Sforza", National Research Council, Pavia, 
Italy 

 
The spatial organization of chromatin into active and inactive compartments within the cell 
nucleus plays a pivotal role in the precise regulation of genome function. This three-dimensional 
chromatin architecture is cell-type specific, and its disruption is associated with disease states. We 
developed 4f-SAMMY-seq, an innovative high-throughput sequencing-based approach designed 
to isolate and profile chromatin domains based on shared epigenetic and biochemical properties. 
This method enables, within a single experiment, the simultaneous analysis of both the linear 
segmentation of open and closed chromatin and their spatial compartmentalization. Applying 4f-
SAMMY-seq across diverse human contexts, we uncovered chromatin dynamics central to 
biological processes and disease. In prostate tumor biopsies, our analysis on chromatin identified 
two distinct molecular subtypes characterized by either a Low Degree of Decompartmentalization 
(LDD) or a High Degree of Decompartmentalization (HDD). Notably, the HDD subgroup 
displayed extensive chromatin reorganization associated with reduced oncogenic potential, 
including repression of pathways linked to extracellular matrix remodeling and cellular plasticity. 
From this distinction, we derive an 18-gene transcriptional signature that robustly discriminates 
between HDD and LDD tumors. Importantly, we validate the prognostic relevance of this 
signature in multiple independent cohorts totaling over 900 patients. Together, these findings 
demonstrate that chromatin compartmentalization states, captured through 4f-SAMMY-seq, can 
yield clinically actionable biomarkers and enable risk stratification at the time of prostate cancer 
diagnosis.  
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Class IIa HDACs and senescence complexity 

 
Claudio Brancolini1, Eros Di Giorgio2. 
1Laboratory of Epigenomics, Department of Medicine Università degli Studi di Udine p.le Kolbe 4 33100 Udine 
ITALY. 2Laboratory of Biochemistry, Department of Medicine Università degli Studi di Udine p.le Kolbe 4 
33100 Udine ITALY. 
 
Senescence is a complex cellular state that requires a complex reorganization of cellular genetic 
programs to achieve a permanent arrest of the cell cycle and activation of environmental signals 
that affect tissue homeostasis. Senescence can have both protective and detrimental effects on the 
organism. Profound reprogramming of the cellular transcriptome requires reorganization of the 
epigenome to alter accessibility at specific cis-regulatory regions. Several epigenetic regulators are 
involved in shaping the epigenome of senescent cells, including class IIa HDACs (histone 
deacetylases). Specific features of this group of HDACs are: (i) the presence of an amino-terminal 
regulatory region responsible for binding transcription factors and corepressors, (ii) a carboxy-
terminal region containing the pseudocatalytic domain, (iii) phosphorylation-dependent control of 
their nucleocytoplasmic shuttling, and (iv) activity as scaffold proteins in monitoring the assembly 
of complexes of class I HDACs. This presentation will discuss the contribution of HDAC4, a 
member of class IIa HDACs, in regulating various aspects of epigenetic modifications that 
contribute to the development and maintenance of senescence. 
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 Title 
Long-Term Predictive Power of DNA Methylation for Age Estimation 
 
Presenting Author  
Pierluigi Mercatante 
 
Ersilia Paparazzo 1,2, Pierluigi Mercatante1,3, Teresa Serra Cassano1,3, Mirella Aurora Aceto1, 
Vincenzo Lagani4, Silvia Fain1, Gemma Antonucci1, Antonella la Russa5, Francesco De 
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Environmental Sciences and Engineering Division (BESE), King Abdullah University of Science 
and Technology KAUST, Thuwal 23952, Saudi Arabia; Institute of Chemical Biology, Ilia State 
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Graecia University, Catanzaro 88100, Italy 
 
Abstract 
DNA methylation (DNAm), an epigenetic marker influenced by genetics and environment, 
regulates gene expression and changes with age. Age-related DNAm patterns, modeled by 
epigenetic clocks, are strong indicators of biological aging and predictors of morbidity and 
mortality. This study assessed the long-term (20+ years) predictive power of DNAm-based 
epigenetic age acceleration (EAA) and identified new methylation markers linked to aging and 
survival. Using blood samples from 161 individuals aged 90+ and 136 younger controls, the 
study applied Illumina EPIC arrays to analyze methylation profiles. Epigenetic clocks accurately 
reflected biological age, and higher EAA correlated with increased mortality. Over 21,000 age-
associated differentially methylated positions (aDMPs) were identified. Some aDMPs, including 
markers in genes like ELOVL2, were also linked to mortality, while new sites with survival 
associations suggest possible improvements to current aging models. The findings confirm the 
utility of DNAm-based clocks in predicting long-term mortality and highlight their potential for 
enhancing personalized aging assessments and public health strategies. 
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Identification of salivary microRNAs as potential biomarkers of stress during immersive virtual 
reality induction 
 
Presenting Author  
Maria Carla Gerra 
 
Maria Carla Gerra, Sebastiano Ravenda, Giulia Zerbini, Margherita Barbetti, Andrea Sgoifo, 
Cristina Dallabona, Luca Carnevali 
 
Department of Chemistry, Life Sciences, and Environmental Sustainability, University of Parma, 
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Abstract 
MicroRNAs have been shown to regulate the physiological response to psychological stress, 
although the underlying mechanisms and temporal dynamics remain unclear. This study 
evaluates their potential as stress biomarkers in human saliva using a virtual reality approach at 
multiple time points. A total of 104 healthy volunteers underwent the Immersive Multimodal 
Virtual Environment (IMVEST) stress test. The expression of 8 stress-related miRNAs was 
measured at four time points and correlated with physiological, psychological, endocrine, and 
inflammatory markers. Perceived stress levels increased significantly after stress (p<0.001), in 
conjunction with increased heart rate and decreased heart rate variability. Salivary cortisol was 
moderately higher and C-reactive protein was significantly higher after stress induction. MiRNAs 
showed distinct expression patterns during and after stress. In a subgroup (n=54), salivary 
cortisol negatively correlated with Δ miR-21 (r=-0.44, p<0.001), indicating an inverse 
relationship with the primary stress hormone. The observed physiological changes confirm 
IMVEST's effectiveness in inducing measurable stress responses. MiRNAs analysis suggests they 
may have regulatory interactions and specific roles in mediating cellular reactions. This 
comprehensive approach could determine whether salivary miRNAs can serve as reliable, non-
invasive biomarkers for stress assessment and define their relationship with traditional stress 
measures
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Origins and dispersal of domestic cats to Europe as revealed by ancient DNA 

 
Claudio Ottoni1 
1Centre of Molecular Anthropology for Ancient DNA studies, Department of Biology, University of Rome Tor 
Vergata; Rome, 00133, Italy 

 
From wild animals to pest controllers and finally to pets, the evolutionary success of 

domestic cats is indisputable. However, cats are understudied, especially if compared with other 
domesticates and their wild relatives. Zooarchaeological and genetic evidence demonstrated that 
domestic cats originated from the North African and Near Eastern wildcat, Felis lybica lybica. The 
interaction between humans and cats most likely started 11 thousand years ago in the Neolithic 
Levant. More recently, ancient mitochondrial DNA evidence suggested that domestic cats spread 
to Southeast Europe as early as 4,400 BCE, however their dispersal to the rest of Europe is 
controversial due to the paucity of data.  

Here, we will show you the results of the genetic analyses conducted on 225 cat remains 
from archaeological sites in Europe and Anatolia, resulting in 70 low-coverage genomes spanning 
a period of more than ten millennia from the 9th millennium BCE to the 19th century CE. We 
also generated 17 low- to high-coverage (~0.7- to 18-fold) genomes of present-day and museum 
wildcats from Italy, Bulgaria and North Africa, regions previously unexplored in terms of wildcat 
genetic diversity at the genome level. This comprehensive genomic time transect enabled us to 
evaluate existing hypotheses about the origins and spread of cats in Europe and shed more light 
on the evolutionary history of wild and domestic cats and their complex interactions with humans 
across time. 
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Ancient DNA and archaeogenomics to reveal the history of unique samples and 

archaeological sites. 
 
Anna Olivieri 

 
Our past can be studied from different perspectives, provided not only by history, but also 

by archaeology, linguistics and anthropology. Today, we are witnessing an extraordinary revolution 
with the advent of archaeogenomics, the study of the human past through ancient genomes. This 
presentation will showcase the results obtained at the recently established ancient DNA laboratory 
at the University of Pavia. Genomic results from two archaeological sites will be presented: a 
cathedral in the ancient city of Amiternum in Abruzzo and the Ca' Granda site in Milan. 
Additionally, metagenomic data from original samples of the Turin Shroud have provided insights 
on the variety of individuals and organisms that have left their traces on this cloth over time. 
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Linking Europe's present-day phenotypic landscape with ancient DNA 

 
Davide Marnetto1,Vasili Pankratov2,3, Mathilde André1,4, Paolo, Provero1, Luca Pagani5 
1Dept. Of Neurosciences, University of Torino, Torino, Italy; 2Institute of Genomics, University of Tartu, Tartu, 
Estonia; 3Bioinformatics Research Centre, Aarhus University, Aarhus, Denmark; 4Human Evolutionary 
Genetics Unit, Institut Pasteur, Paris, France; 5Dept. of Biology, University of Padova, Padova, Italy 
 

Over the past 10,000 years, Western Eurasian populations underwent major genetic changes 
driven by admixture among different ancestral groups and adaptations to a shifting environment. 
These events impacted the genetic basis of contemporary phenotypic variation in Europe. We 
present an overview of integrative methods combining ancient DNA with contemporary large-
scale genomic data to investigate how ancestral components and selection shaped present-day 
complex traits. 

First, we quantify how the unique tiling of genetic variants inherited from different ancestral 
components continues to influence complex trait variability in Estonian and UK Biobanks. Heart 
rate, platelet count, bone mineral density and many other traits show similar stratification patterns 
to those seen in height and pigmentation traits, likely targets of selection and divergence across 
ancestral groups. 

Next, we track the evolution of molecular complex traits over time using gene expression 
and alternative splicing models derived from GTEx, applied to over a thousand imputed ancient 
genomes spanning 10,000 years of Western Eurasian history. This approach reveals gene 
regulatory patterns reflecting chronological, spatial and genetic axes of variation and allows us to 
elucidate the regulatory features driving selection at key loci such as LCT, FADS1, SLC22A5 and 
OAS1. 

These results highlight the power of combining ancient and modern DNA to uncover the 
evolutionary origins of phenotypic diversity. 
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Archeologia, Geografia, Arte e Spettacolo (SAGAS), University of Florence, Florence, Italy; 4 
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Valle Sabbia , Gavardo, Brescia, Italy; 6 Soprintendenza Archeologia, Belle Arti e Paesaggio  per 
le Province di Cremona, Mantova e Lodi, Italy; 7 Museo delle Civiltà , Rome, Italy. 
 
Abstract 
Uncovering the roots of social inequality in prehistoric societies remains a major challenge. 
Archaeogenomic data now allow high-resolution reconstructions of past population structures 
and sociocultural dynamics, including lineage-based transmission of status and wealth—key 
factors in the emergence of inequality. Two major population dynamics within the last 10,000 
years impacted the genomic composition of Europeans: the Neolithic expansion and the Bronze 
Age migration from the Steppe; despite the importance of these events, our genetic 
understanding is mainly built upon pan-European sampling strategies, resulting in limited 
knowledge about the impact of these migrations at the level of single societies. In this project, we 
propose a high-resolution multidisciplinary study of three burial sites in Northeast Italy from the 
Neolithic, Eneolithic, and Bronze Age periods to infer the social and genetic structure and their 
possible change in this time transect. We will sequence whole genomes of 110 individuals to 
provide a detailed reconstruction of biological relatedness that, combined with a deep resolution 
chronology, the fine assessment of grave goods and burial practice, individual mobility and 
dietary resources access provided by stable isotopes analysis, will give us information about the 
presence of inequality between the members of each burial site. The results of this study will help 
us to shed light on the onset of social inequality in Northern Italy, and on the cultural and 
biological mechanisms that promoted its development. 
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Abstract 
The centromere is a nucleoprotein structure necessary for the proper segregation of sister 
chromatids during cell division and its function is epigenetically specified by the histone H3 
variant CENP-A. Although mammalian centromeres are typically associated with satellite DNA, 
several satellite-free and completely functional neocentromeres were detected in different species 
from the genus Equus, that turned out to be an extraordinary model system for centromere 
biology. 
Centromere repositioning was considered the main mechanism of neocentromere formation 
during evolution, but we identified several neocentromeres originated from Robertsonian 
translocation in Grevy’s and Burchell’s zebras. 
Here, we investigated centromeric loci in Hartmann’s zebra (Equus zebra hartmannae), using 
diverse molecular and cytogenetic approaches, such as ChIP-seq, Nanopore sequencing and 
FISH. 
We discovered that 11 out of the 16 zebra centromeres are satellite-free, with 7 of them deriving 
from Robertsonian translocation, 3 from centromere repositioning and 1 from a inversion. 
These results show that Hartmann’s zebra is unique among the species analysed so far, since the 
majority of centromeres is satellite-free and Robertsonian translocation is the principal 
mechanism of neocentromere formation and kayotype evolution.
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Yeasts pangenomics 

Duccio Cavalieri 
 

Dipartimento di Biologia, Via Madonna del Piano 6, Sesto Fiorentino, Università degli Studi di Firenze, 
duccio.cavalieri@unifi.it. 
 
S.cerevisiae has been cradle and stage of genetics, molecular and cell biology and genomics. 

From 2010 the knowledge acquired on the reference strain has been confronted to natural 
genomic variation of over 1000 isolates. In this presentation we will present results from recent 
studies from our group and others, discussing how the sequence and assembly of over over a 
hundred of these yeast strains using Oxford Nanopore, Illumina and PacBio long-read 
sequencing technology allows to determine a core set of shared genes and a relatively large set of 
accessory gene, common to strains that inhabit the same  ecological niche. 
A functional analysis was conducted to characterize gene content across strains, highlights  
metabolic and ecological adaptations to their respective environments. Phylogenetic 
reconstruction of the evolutionary relationships among these yeast strains, reveals potential links 
between genomic variation and ecological origin. Finally, we will describe an event of horizontal 
gene transfer (HGT) of genes related to lactose metabolism in strains isolated from Kefir, 
suggesting adaptive mechanisms in response to  diverse habitats, with potential implications for 
biotechnology, microbiome research, and food fermentation.  
The unique ability offered by Cerevisiae to compare genomics data with functional genomics and 
high throughput phenotyping underlines the unrivaled potential of this model organism to 
understand the evolution of complex genetic regulatory networks. 
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Unlocking the microbiome: The role of metagenomics, today and tomorrow 

 
Author: Edoardo Pasolli1 
1 Department of Agricultural Sciences, University of Naples Federico II, Portici, Italy 

 
 
Metagenomics has revolutionized our understanding of microbial communities, enabling 

culture-independent exploration of their diversity, function, and dynamics. This talk provides an 
overview of current advances and future directions in microbiome research through the lens of 
metagenomics. We begin with foundational concepts and workflows, including shotgun 
sequencing and computational pipelines for profile generation and genome reconstruction. 
Emphasis is placed on the integration of machine learning for predictive modeling, with 
applications in diagnostics of different diseases. A key focus is strain-resolved metagenomics, 
highlighting tools that uncover hidden microbial diversity and enable strain tracking across 
individuals and environments. We explore the interplay between human and food microbiomes, 
presenting large-scale analyses of lactic acid bacteria and bifidobacteria, and their potential as 
functional food components. The talk concludes with insights from curated metagenomic 
resources and ongoing projects addressing microbiome dynamics in health, food, and 
environmental contexts. Together, these efforts pave the way toward a more comprehensive and 
actionable understanding of microbial ecosystems. 
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Viruses, virus-host interactions, and viromes in the marine context 

 
Paola Venier1  
1Department of Biology, University of Padova 

 
We know viruses as genetic elements encased in a protein capsid and capable of replication 

only by infecting prokaryotic or eukaryotic cells. Despite their minimal size, viruses play key roles 
in the Earth’s microbiomes across habitats. Following the idea that heterotrophic microbes largely 
contribute to the energy flow in the ocean’s food web (1974, 1983) and with the great advances in 
culture-independent investigation methods, marine viruses have been progressively recognised as 
the most abundant and genetically diverse ‘life forms’ and major players in the global ecosystem 
(2005, 2007). In more general terms, the virus world is nowadays envisioned as an evolutionary 
network that is held together by shared conserved genes and includes both bona fide capsid-encoding viruses and 
different classes of capsidless replicons (Koonin and Dolja, 2014). Accordingly, marine viral genomes find 
their place in the 15-level taxonomy system curated by the International Committee on Taxonomy 
of Viruses (https://ictv.global). To deepen these concepts, two contrasting examples will be 
presented. First, the Ostreavirus ostreidmalaco1, its deadly µvariants and the role of adenosine 
deaminases acting on RNA (ADARs) in the antiviral oyster response. Second, the amazing picture 
of microbial metabolism resulting from the study of salt marsh sediment microbiomes, with a 
focus on viral OTUs and viral auxiliary metabolic genes (AMGs). The latter is supported by EU-
PNRR-M4C2 1.4 (NBFC) / 1.5 (iNEST). 
 
 
  

https://ictv.global/
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Abstract 
Understanding the bacterial epigenome is increasingly recognised as essential for uncovering key 
mechanisms of gene regulation, host-pathogen interactions, and adaptation to environmental 
changes. Third-generation sequencing technologies, such as Oxford Nanopore, now enable the 
direct detection of DNA modifications, making genome-wide epigenomic investigations both 
feasible and cost-effective. However, analysing nanopore sequencing data remains 
computationally intensive and requires multiple steps, which can be complex to integrate. 
Currently, no existing workflow combines these steps in a single, easy-to-use pipeline. 
Additionally, many available tools lack automated genome-wide methylation profiling with 
integrated visualisations and statistics. Here, we present memod-s, a Snakemake-based workflow 
that integrates multiple state-of-the-art tools to address these challenges. memod-s is a modular 
and user-friendly workflow that simplifies the entire nanopore data analysis process—from 
basecalling and quality control to genome assembly, annotation, and methylation analysis. By 
integrating all essential steps into one cohesive pipeline and producing comprehensive genome-
wide methylation profiles enriched with graphical visualisations and statistics, memod-s reduces 
the complexity of nanopore data analysis and provides insights into bacterial methylation 
patterns and their potential biological implications.
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Abstract 
The interest in ancient metagenomics is increasing with over 1.700 ancient microbial genomes, 
partial genomes, and metagenomes characterized. However, most studies focused on aligning 
sequences to modern reference genomes, limiting discoveries to known taxa and introducing a 
reference bias, as ancient and modern genomes differ genetically. A way to overcome this is 
through de novo assembly, which reconstructs genomes of all species present in a sample. We 
evaluated multiple de novo assembly pipelines using simulated ancient metagenomes and 
identified the optimal pipeline for reconstructing ancient metagenome-assembled genomes. 
We will apply this approach to ancient metagenomes covering the Neolithic transition, one of 
the main cultural and demographic events in Europe that affected both human evolution and the 
oral microbiome. We collected published shotgun metagenomic data from samples of different 
geographical areas in Europe ranging from the Palaeolithic to the Bronze Age, as well as newly 
sequenced samples from Italy. We focus on reconstructing the ancient genomes of, Olsenella sp. 
oral taxon 807 and Anaerolineaceae oral taxon 439, two bacterial species found a higher 
abundance the oral microbiome of Neolithic farmers. Through genomes reconstruction, we will 
explore more in depth the genetic variability of these species and perform functional annotation 
to identify genes that may have been lost/gained and can have an impact in the metabolization 
of food/medicines.
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Telomeres protect the extremities of eukaryotic chromosomes from activation of DNA 
damage response (DDR) and DNA repair mechanisms that would lead to chromosome fusions 
and genome instability. Human cancer cells activate telomere lengthening mechanisms to attain 
unlimited proliferative capacity by either expressing the telomerase enzyme, or through 
homologous recombination-based mechanisms of alternative lengthening of telomeres, or ALT. 
Recent evidence indicates that telomere function and telomere length homeostasis are 
regulated by a long noncoding RNA transcribed from chromosome ends called TERRA. 
TERRA is expressed in numerous organisms, from yeasts to humans, and its transcription de- 
regulation or altered localization at telomeres are associated with telomere dysfunction and 
chromosome abnormalities in human cells. Several studies indicate the key role of TERRA in 
ALT through formation of R-loop structures at telomeres. 
By using a combination of single molecule RNA FISH and live cell imaging studies to 
simultaneously detect both TERRA and telomerase, we recently highlighted the role of TERRA 
transcripts in fine-tuning telomerase activity in human cancer cells. Also, unpublished data 
from our lab supports a role for TERRA in ALT activation from telomerase-positive cancer 
cells. Thus, understanding the biology of TERRA will help define the mechanisms regulating 
telomere function and genome stability. 
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Accumulation of extrachromosomal circular DNA (eccDNA) is increasingly recognized as 

a driver of genome instability and tumor progression, yet its formation mechanisms are not fully 
understood. We have shown that single-stranded DNA damage at telomeric repeats generates 
circular DNA via internal loops (i-loops), which are detected by 2D-gels and visualized by electron 
microscopy. I-loops result from base pairing and branch migration among damaged repeats and 
can be excised as eccDNA. 

While exploring broader genomic relevance, we found that similar i-loop structures form at 
centromeric alpha satellite repeats following DNA damage. Alpha satellite i-loops were notably 
larger, reflecting differences in repeat size. Programmed cell death, a condition associated with 
eccDNA generation, substantially enhanced i-loop formation and eccDNA production at both 
telomeric and alpha satellite repeats. Nanopore sequencing identified additional repetitive 
elements, such as rDNA, satellite DNA, and retrotransposons, as major eccDNA sources during 
apoptosis. These findings highlight i-loop formation, driven by single-stranded breaks at repetitive 
sequences, as a common and impactful mechanism for eccDNA generation, influencing tumor 
biology and genome evolution. 
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Topoisomerase I (Top1) is a key enzyme which resolves DNA topological stress. The 

formation of DNA-Top1 intermediates (Top1ccs) is fundamental for the enzyme to relax negative 
supercoils thus preventing the formation of unscheduled R-loops, a non-B DNA structure 
composed of an RNA-DNA hybrid and a displaced un-transcribed strand. Top1 poisons cause 
the trapping of Top1ccs with consequent increase of micronuclei (MNi), extra-nuclear bodies 
containing damaged chromatin. We have previously published that MNi formation is R-loop 
dependent, but molecular events downstream of Top1cc trapping remained to be fully clarified. 
By performing genome-wide mapping of R-loops (with DRIP-Seq) and Top1cc-induced DNA 
double-strand breaks (with END-Seq), we have here found that the Top1 poison Camptothecin 
causes an increase (gain) of R-loops, specifically related to double strand break formation (DSBs), 
at 5’-ends of highly transcribed genes overlapping with paused RNA Pol II and strongly associated 
with early replicating regions. Moreover, Top1ccs can trigger micronuclei when occurring during 
late G1 or early/mid S, but not during late S, and their formation as well as transcription-replication 
conflicts are attenuated by transcription factor IIS. Our results therefore support a role of RNA 
Pol II arrest in Top1cc-induced transcription-replication conflicts leading to DSBs and 
micronuclei formation, and suggest a new mechanism of genome instability induced by Top1 
poisons.  
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Abstract 
The DNA damage response (DDR) critically relies on coordinated chromatin remodeling to 
amplify repair signals and ensure timely repair. Many studies provided evidence that autophagy 
may modulates DNA repair pathways, although the exact mechanism behind this connection 
remains a matter of debate. Here we investigated how autophagy modulates the DDR in 
ARPE19 cells, engineered with an inducible AsiSI-ER system to generate ~150 site-specific 
double-strand breaks (DSBs) across the genome. Genetic ablation of ATG7 impairs autophagy 
and leads to defective ATM activation, BRCA1 phosphorylation and reduced RAD51 foci 
formation; moreover, aberrant recruitment of BRCA1 and 53BP1 during cell cycle progression 
suggests impaired pathway choice in autophagy-deficient cells. Mechanistically, loss of autophagy 
triggers AKT hyperactivation and increased GSK3β phosphorylation, leading to hypoactivation 
and destabilization of the histone acetyltransferase TIP60, which associated with reduced histone 
H4K16 acetylation. Pharmacological inhibition of the proteasome restores TIP60 levels and fully 
rescues DDR defects. Together, our findings reveal that autophagy preserves genome integrity 
by sustaining TIP60-dependent chromatin acetylation and ATM signal propagation at DSBs. 
These results uncover a novel link between metabolic signaling, chromatin context, and DNA 
repair pathway choice, with important implication for therapy-induced responses and acquired 
resistance in cancer. 
 
 
 
  



 

 

Minisymposium IV Genome stability and chromatin dynamics 

POSTER PRESENTATION 
 
Title 
DNA methylation loss leads to chromosomal instability and drives defects in cell nucleus 
structure and mechanics 
 
Presenting Author  
Serena Gargano 
 
Serena Gargano(1), Pietro Salvatore Carollo(2), Salvatore Martino(1), Thomas Germier(3), Jean-
Baptiste Manneville(4), Nicolas Borghi(3) and Viviana Barra(1) 
 
1) Department of Biological, Chemical and Pharmaceutical Sciences and Technologies, 
University of Palermo, Palermo, Italy; 2) Department of Medicine and Surgery, Kore University 
of Enna, Enna, Italy; 3) Institut Jacques Monod, CNRS, Université Paris-Cité, Paris, France; 4) 
Matière et Systèmes Complexes, CNRS, Université Paris-Cité, Paris, France 
 
Abstract 
DNA methylation is an epigenetic modification that promotes heterochromatin formation, 
regulating chromatin structure. A hallmark of genomic instability and cancer is the global loss of 
DNA methylation at gene-poor repetitive sequences, the most abundant genomic regions. In this 
context, DNA methylation is essential to maintain these repetitive elements in a 
heterochromatic, compacted state. Within the nucleus, heterochromatin displays a defined three-
dimensional organization and positioning, and - together with the nuclear lamina - regulates 
nuclear morphology and mechanical properties, contributing to the nuclear stiffness. Thus, 
global DNA hypomethylation may disrupt heterochromatin and alter both nuclear architecture 
and mechanics. To investigate this connection, we employed the non-tumoral immortalized 
RPE-1 cell line, engineered to induce DNA hypomethylation. We observed that DNA 
methylation loss leads to aneuploidy and accumulation of mitotic defects, suggesting impaired 
chromosome segregation. Moreover, microscopy analyses revealed nuclear morphological 
alterations along with reduced levels and impaired localization of key nuclear proteins (LaminB1 
and LBR). Lastly, biophysical approaches showed a decreased nuclear membrane tension and 
stiffness in hypomethylated nuclei, indicating increased nuclear plasticity. Altogether, our 
findings highlight a potential mechanism by which DNA methylation preserves genome stability 
by maintaining nuclear architecture. 
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Lung cancer remains the leading cause of cancer-related mortality worldwide. MicroRNAs, 
endogenous non-coding RNA of ~22 nucleotides, play key regulatory roles in lung cancer–related 
mechanisms and represent promising diagnostic and prognostic biomarkers, as well as potential 
therapeutic agents. However, a comprehensive functional screening of human miRNAs in lung 
cancer was missing. To tackle this, we performed a lentiviral-based miRNA screening (virtually all 
known human miRNAs) of lung adenocarcinoma (LUAD) i.e. the most frequent lung cancer 
subtype. We discovered and annotated miRNAs functionally associated with proliferation, 
migration, and invasion of LUAD cells. We then integrated our functional miRNA screening with 
transcriptomic and clinical data from a large LUAD patient cohort (TCGA-LUAD), along with 
spatial transcriptomics (ST) of in-house LUAD samples. This approach enabled us to identify 
phenotype-specific miRNA signatures and develop a 15-miRNA risk score predictive of poor 
overall survival (HR = 2.48, p < 0.0001). Among these, we found specific miRNAs in pathways 
linked to LUAD progression, uncovering novel regulatory axes with possible therapeutic 
implications. In summary, our study provides the first systematic functional annotation of the 
human miRNome in LUAD and points to novel miRNA axes potentially contributing to LUAD 
progression.  
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 Grass inflorescences are composite structures, featuring complex sets of meristems as stem 
cell niches that are initiated in a repetitive manner. Meristems differ in identity and longevity, 
generate branches or split to form flower meristems that finally produce seeds. Within meristems, 
distinct cell types are determined by positional information and the regional activity of gene 
regulatory networks. Understanding these microenvironments requires precise spatio-temporal 
information on gene expression profiles, which current technology cannot achieve. Here we 
investigate transcriptional changes during barley development, from the specification of meristem 
and organ founder cells to the initiation of floral organs, based on an imputation approach 
integrating deep single-cell RNA sequencing with spatial gene expression data. Expression profiles 
of more than 40.000 genes can be analysed at cellular resolution in multiple tissues using the web-
based graphical interface BARVISTA, which enables precise virtual microdissection to analyse 
subensembles of cells. Our study pinpoints previously inaccessible key transcriptional events in 
founder cells during primordia initiation and specification, characterises branching mutant 
phenotypes by barcoding gene expression profiles and defines spatiotemporal trajectories during 
flower development. We uncover the genetic basis of complex developmental processes, providing 
novel opportunities for precisely targeted manipulation of barley traits. 
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“I determined to collect blindly every sort of fact, which could bear in any way on what 

species are… At last, gleams of light have come, and I am almost convinced… that species are not 
(it is like confessing a murder) immutable.” — Darwin to J. D. Hooker, 11 January 1844. 

In this famous letter, Darwin underscored the central role of domestication and breeding in 
shaping his Theory of Evolution by Natural Selection. Plants and animals transformed under 
human influence provided both inspiration and a living laboratory to understand variation, 
selection, and adaptation. 

Archaeobotanical evidence has overturned the older view of rapid domestication, instead 
revealing a protracted process in which humans and plants co-evolved over millennia, gradually 
reshaping species and landscapes through the development of agroecosystems. Genomic 
approaches reinforce this view: transcriptomics shows that domestication rewired gene-expression 
networks, while metabolomics highlights changes in seed composition and ecological interactions, 
often as unintended consequences. 

Studies of wheat and common bean are especially informative, documenting reduced 
diversity, reorganization of co-expression networks, and altered plant–microbe interactions. From 
Darwin’s “confession” to multi-omics, domestication remains a key window into evolutionary 
processes under human and natural selection. 
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Making sense of whole-genome polymorphism data is challenging, but it is essential for 

overcoming the biases in SNP data. Here we analyze 27 genomes of Arabidopsis thaliana to illustrate 
these issues. Genome size variation is mostly due to tandem repeat regions that are difficult to 
assemble. However, while the rest of the genome varies little in length, it is full of structural 
variants, mostly due to transposon insertions. Because of this, the pangenome coordinate system 
grows rapidly with sample size and ultimately becomes 70% larger than the size of any single 

genome, even for n = 27. Finally, we show how short-read data are biased by read mapping. SNP 
calling is biased by the choice of reference genome, and both transcriptome and methylome 
profiling results are affected by mapping reads to a reference genome rather than to the genome 
of the assayed individual. 
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Abstract 
Oryza sativa (rice) is a major staple crop, and its demand will rise with global population growth. 
Understanding the genetic and hormonal regulation of rice inflorescence architecture, which 
determines branch number and ultimately grain yield, is essential for improving productivity. 
Plant architecture is strongly influenced by hormones such as auxin. The auxin concentration is 
translated into a cellular response by the AUXIN RESPONSE FACTORS (ARFs). In rice, 29 
ARFs are classified in 3 classes (A, B, C) based on their ability to act as transcriptional activator 
or repressor.  
We first analysed the auxin signalling response using the synthetic DR5 promoter, composed by 
auxin response elements (AuxREs) that are recognized and bound by type-A ARFs when auxin 
signaling is active, during inflorescence and ovule development. Then, we characterized the 
ARF11/MONOPTEROS (OsARF11/MP), a type-A transcriptional activator. Since, the knock-
out mutant is embryo-lethal we aimed to produce several mutants employed CRISPR-Cas9 
technology. One of the mutant generated, named osmp1, carrying a single-base insertion 25 bp 
downstream of the ATG, exhibited severe alterations in panicle architecture, leading to reduced 
seed yield. Finally, we performed mRNA-seq on inflorescence meristems to identify MP 
downstream targets, providing insights into auxin-mediated control of inflorescence architecture 
and rice productivity. 
 
 
 
  



 

 

MINISYMPOSIUM V PLANT GENOMICS 
 

POSTER PRESENTATION 
 
 
Title 
Pan-centromeres of cultivated and wild grapevine accessions allowed the study of evolution of 
elusive regions 
 
Presenting Author  
Mario Liva 
 
Mario Liva [1], Gabriele Magris [1][2], Gabriele Di Gaspero [2], Rachel Schwope [2], Claudia Rita 
Catacchio [3], Alessia Daponte [3], Mario Ventura [3], Michele Morgante [1][2] 
 
[1] Department of Agricultural, Food, Environmental and Animal Sciences, University of Udine, 
Italy; [2] Istituto di Genomica Applicata, Udine, Italy; [3] Department of Bioscience, 
Biotechnology and Environment, Università degli Studi di Bari, Bari, Italy; 
 
Abstract 
In this study, we present an evolutionary overview of the elusive structure of centromeres in 
grapevine species. Centromere-specific haplotypes belonging to 3 cultivated grapevine 
accessions, one wild accession of the same species and one interspecific hybrid have been 
reconstructed using PacBio HiFi and ONT long-reads. ChIP-seq data of centromere-specific 
histone variant CENH3 has also allowed us to identify the functional domains of the 
centromeres and study their evolution throughout the domestication process. Considerable 
variation in repeat arrays dimensions and repeat composition in centromeric haplotypes was 
present both within the same individual and between cultivated and wild accessions. The 
variation mostly involved non-functional satellite repeats, while the functional part composed of 
small arrays of a 59-mer monomer and a solo-LTR Gypsy element was conserved overall when 
comparing the same chromosome in different accessions. The functional part could vary in its 
organization depending on whether it was included in large inverted repeats or not. Centromeres 
that were not composed of big and highly ordered repeat arrays were usually more populated by 
TE and solo-LTR, giving them a more homogeneous and less structured organization. 
Moreover, comparison of identical-by-descent haplotypes has also uncovered recent events of 
TE insertions and generation of solo-LTR, giving hints on the underlying mechanisms of 
diversification and homogenization of these regions. 
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Abstract 
Single-cell strand sequencing is a cutting-edge technique enabling high-resolution mapping of 
balanced structural variants, including cryptic inversions and translocations often missed by 
conventional cytogenetics and NGS. These balanced rearrangements can interfere with meiotic 
recombination, leading to the formation of unbalanced gametes and impaired embryonic 
development, thus representing a potential hidden cause of infertility.  
We applied Strand-seq to a selected cohort of patients with idiopathic infertility, strong 
candidates for underlying genetic causes. High-quality Strand-seq libraries were analyzed, 
allowing the generation of comprehensive maps of large and small genomic rearrangements 
across the entire genome. This analysis revealed balanced structural variants in several patients, 
some of which may correlate with infertility by predisposing to genomic instability during 
meiosis.  
These findings demonstrate the clinical utility of Strand-seq as a high-resolution tool to uncover 
genomic causes of idiopathic infertility, paving the way for improved genetic counseling and 
tailored therapeutic strategies. Moreover, by establishing a detailed catalogue of structural 
variants in this context, we contribute to a deeper understanding of human genome architecture, 
enhancing our knowledge of balanced variants and their role in human disease.
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Abstract 
The invasive mosquitoes Aedes koreicus and Aedes japonicus represent a significant and 
growing public health threat across Europe, necessitating the urgent development of novel, 
species-specific genetic control strategies. The success of such methods hinges on a detailed 
understanding of the molecular pathways governing sex determination. In Diptera, the fruitless 
(fru) and doublesex (dsx) genes are the established pivotal regulators of this process, yet their 
specific architecture in these invasive mosquito species remained uncharacterized. This study 
aims to investigate the evolutionary conservation of fru and dsx in both species to establish a 
molecular basis for future targeted vector control.  
In Ae. koreicus and Ae. japonicus, we found that the genes fru and dsx undergo sex-specific 
splicing, leading to sexually dimorphic expression patterns in adults. Sequence analysis of these 
sex-specific isoforms revealed that the underlying splicing mechanisms are highly conserved 
between the species, reinforcing the fundamental role of these genes as terminal regulators in 
insects.  
This evolutionary conservation indicates them as possible targets for the development of 
advanced genetic vector control technologies, such as sex-distortion or precision-guided sterile 
insect techniques, and provides a critical foundation for comparative studies on the evolution of 
sex determination in Nematocera species. 
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Abstract 
NUTF2 is a nuclear gene encoding for nuclear transport factor 2, a soluble transport protein that 
mediates recognition of NLS-containing proteins and their translocation through the NPC in a 
multistep process. Here we analyze eight mutations found in patients affected by Dominant 
Optic Atrophy (DOA) and deafness, typically related to mutation in OPA genes. The following 
variants, identified as heterozygous missense mutations in several families as causative of DOA, 
were modeled in yeast Saccharomyces cerevisiae using human cDNA linked to a MYC tag: 
D72Y, G98R, G98W, H100Y, I108V, A111T, F119V, A122V. For this study W303-1Bntf2Δ 
strain was used in both monoallelic and biallelic haploid forms. 
It has been observed that some mutations have a null or highly hypomorphic phenotype and are 
dominant by haploinsufficiency. From analyses conducted on various strains, including spot 
assays and Western blot, unlike other cases of DOA, mitochondrial metabolism does not appear 
to be involved. However, analysis of the petite frequency seems to reveal, at least for some of the 
variants, an alteration in mitochondrial DNA stability. 
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Abstract 
In eukaryotes, the DNA damage response (DDR) operates within a highly dynamic chromatin 
landscape but little is know on how the nuclear architecture contributes to whole genome 
stability. For this reason, we focused on the Nuclear Lamina, a meshwork of intermediate 
filaments composed of A- and B-type lamins, that maintains nuclear shape and serves as a 
chromatin-binding site. Lamins also play a critical role in DNA repair and may influence therapy-
induced responses and acquired resistance in cancer. To systematically study how lamins 
modulate the response to DNA double-strand break (DSB) and their involvement in the DSB-
induced chromatin reorganization, we first generated an MCF-10A cell line expressing the 
restriction enzyme AsiSI-ER, which induces site-specific DSBs in the genome. We then created a 
lamin A/C-deficient MCF-10A AsiSI-ER cell line via CRISPR/Cas9 genome editing, thus 
enabling the study and comparison of DNA repair factor recruitment at specific DSBs using 
ChIP-based techniques and chromatin dynamics using a chromosome conformation capture 
approach. Through quantitative imaging analysis, preliminary data showed that cells lacking A-
type lamins exhibit impaired formation of γH2AX clusters: it has been proposed that 
transcriptionally active genes segregate into clusters to avoid their unfaithful repair and our 
findings suggest that the Nuclear Lamina could contribute to their efficient resolution.
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A fundamental challenge in cancer research is to understand how tumours evolve, adapt, and 

diversify within the human body. The rapid development of multi-omics technologies—including 
genomics, transcriptomics, epigenomics, single-cell and spatial omics, and advanced imaging—
now enables the construction of comprehensive genotype-phenotype maps that capture the 
complexity of tumour ecosystems. In this presentation, I will introduce integrative computational 
strategies that leverage multi-omics data integration and artificial intelligence to disentangle tumour 
heterogeneity and evolutionary dynamics. 

I will discuss how systems biology approaches, such as the Pareto task inference framework, 
can be used to identify trade-offs in tumour functional specialization and to map ecological 
strategies within cancer populations. By combining single-cell and spatial omics with 
computational image analysis, we can resolve the interactions between cancer cells and their 
microenvironment, and link molecular alterations to distinct phenotypes and clinical trajectories. 

Drawing on recent examples from large-scale cancer genomics projects, I will illustrate how 
integrated tumour maps reveal new principles of cancer evolution and expose the mechanisms 
underlying therapeutic resistance and disease progression. This multi-layered perspective provides 
a foundation for rethinking cancer classification and for developing more precise strategies in 
diagnosis and patient management. 
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