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Title of the proposed A Galaxy-Integrated Framework for Multi-Layer Long-
project: Read Genome Analysis: Genome Assembly, Structural
Variation, Haplotype Resolution and Epigenome Profiling

Short description of the | Despite remarkable advances in sequencing technologies, the

project emerging complexity of eukaryotic genomes remains difficult to
resolve using conventional short-read approaches, which
systematically miss large structural variants, collapse repetitive
regions, and fail to capture haplotype-resolved variation and DNA
methylation in a single experiment. Third-generation long-read
platforms - particularly Oxford Nanopore Technologies (ONT) and
PacBio HiFi - have fundamentally changed this landscape by
enabling the generation of highly contiguous genome assemblies,
the resolution of complex structural rearrangements, and the
simultaneous profiling of base modifications at single-molecule
resolution. However, the translation of these capabilities into
accessible, reproducible, and standardized analytical workflows
remains a critical bottleneck, particularly for research groups
lacking dedicated bioinformatic expertise or high-performance
computing infrastructure.
This PhD project aims to develop an integrated computational
framework that enables multi-layer analysis of long-read genomic
data, bringing together complementary dimensions of genome
information within a single, standardized and reproducible
analytical environment. The central hypothesis is that the joint
interpretation of genome assembly, structural variation,
haplotype architecture, epigenetic information and family-based
inheritance will substantially improve the characterization of
complex genomes compared with current fragmented analytical
approaches, while making advanced Ilong-read analyses
accessible to a broader scientific community.
The proposed analysis framework will be implemented within the
Galaxy platform, providing an intuitive, modular and fully
reproducible environment that supports the complete analytical
workflow from raw sequencing reads to biologically interpretable
results. Both reference-guided and de novo assembly strategies
will be supported through decision-aware workflows that can be
adapted to different sequencing platforms, genome complexities
and experimental designs. Rather than functioning as
independent analytical modules, the different components of the
framework will be tightly integrated, allowing information
generated at each analytical level to enhance the interpretation of
the others. Structural variants will be interpreted within phased
haplotypes, methylation profiles will be assigned to individual
alleles whenever possible, and pedigree information will facilitate
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the identification of inherited and de novo genomic variants
through family-based analyses.

The workflow will be systematically benchmarked using publicly
available datasets and validated through representative
applications in both human and non-human genomics. In
particular, the project will explore its application to rare disease
genomics, where the integration of structural variants, phased
genomes and epigenetic information may improve molecular
diagnosis, as well as to population and evolutionary genomics,
where long-read sequencing enables a more accurate
characterization of genomic diversity. The project is also well
aligned with emerging international initiatives such as the Human
Pangenome Reference Consortium, and Genome of Europe, which
increasingly require standardized, interoperable and reproducible
analytical infrastructures for large-scale long-read genomic data.
By integrating multiple dimensions of genome analysis within a
single Galaxy-based environment, this project aims to establish
a new paradigm for the analysis of long-read sequencing data.
The resulting framework will be openly distributed through the
Galaxy ecosystem together with training materials and best-
practice workflows, promoting reproducibility, accessibility and
broad adoption by the international genomics community.

Main research area for Computational biology
the project

Second research area Genomics

for the project

3 key words for the Genome assembly, Epigenomics, Variant prioritization
project

LAB INFO

Main topic/s of the lab Computational biology and Molecular Biology

Short description of the | The laboratory led by Prof. Graziano Pesole spans the University

lab activity of Bari Aldo Moro and the CNR Institute of Biomembranes,
Bioenergetics and Molecular Biotechnologies (IBIOM), of which
he is research fellow. The group develops algorithms, software
and reproducible workflows for high-throughput and long-read
sequencing data, with long-standing expertise in comparative
genomics, genome annotation and molecular biodiversity. It
coordinates ELIXIR-IT, the Italian node of the ELIXIR European
research infrastructure, and operates the Galaxy-based
Laniakea@ReCaS environment on the ReCaS-Bari HPC/cloud
facility, providing the reproducible, standardized analytical
infrastructure on which this PhD project builds. The lab is deeply
engaged in the European initiatives that this project targets: as
Italian coordinator within the Genomic Data Infrastructure (GDI)
and through Italy's central role in Genome of Europe (GoE),
whose data are being made accessible via the GDI
infrastructure. It also contributes to reference-genome efforts
such as the European Reference Genome Atlas (ERGA),
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reinforcing its focus on federated, interoperable and reproducible
analysis of large-scale genomic data.

The PhD student will design and develop an integrated Galaxy-
based computational framework for multi-layer analysis of long-
read sequencing data, combining genome assembly, structural
variant discovery, haplotype phasing, native DNA methylation
profiling and pedigree-aware analyses. The project will include
the implementation and optimization of modular analytical
workflows, systematic benchmarking against state-of-the-art
methods using public long-read datasets, and validation through
applications in human rare disease and population genomics.
The student will contribute to the dissemination of the developed
tools by integrating them into the Galaxy ecosystem and
producing documentation and training materials, promoting
reproducible, accessible and interoperable long-read genomic
analyses for the international research community.
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