gghic: A Versatile R Package for Exploring and Visualizing 3D Genome Organization
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1. INTRODUCTION

Motivation: The three-dimensional (3D) organization of the genome plays a critical role in regulating gene expression and maintaining cellular homeostasis. Disruptions
in chromatin architecture can lead to aberrant interactions between genomic regions, contributing to the pathogenesis of various diseases, including cancer. Recent
advances in chromosome conformation capture technologies, particularly Hi-C and Pore-C, have enabled genome-wide mapping of chromatin interactions at increasingly
high resolution. However, visualizing and interpreting these complex datasets remains challenging, especially when integrating multiple data types such as genomic
annotations, structural features, inter-chromosomal interactions, and multi-way contacts. There is a pressing need for flexible tools that can generate publication-quality
visualizations while supporting both pairwise and multi-way contact data.

Results: We present gghic, an R package that extends the ggplot2 framework to provide intuitive and customizable visualization of 3D genome organization data from
experiments of both pairwise and multi-way contacts. The package introduces the ChromatinContacts S4 class for efficient management of genomic interaction data,
featuring streamlined data import, flexible region focusing, and integration of genomic features such as compartments, topologically associating domains (TADs),
chromatin loops, and multi-contact regions. For Pore-C and other multi-way contact data, gghic implements hypergraph-based analysis, enabling sophisticated filtering,
weighting, and visualization of complex multi-way interaction patterns. gghic provides specialized geom layers for creating triangular heatmaps of pairwise chromatin
contacts, hypergraph plots showing multi-way interactions, and rich annotations including chromosome ideograms, TAD boundaries, loop calls, gene models, genomic
signal tracks, and concatemer reads. The package seamlessly supports both intra- and inter-chromosomal interaction visualization across multiple resolutions. We
demonstrate gghic's capabilities using acute lymphoblastic leukemia Pore-C multi-way contact data, generating publication-ready figures that reveal translocation
breakpoints and higher-order chromatin organization. By combining powerful 3D genome analysis with ggplot2's expressive and familiar syntax, gghic makes the
exploration and communication of chromatin architecture data—from simple pairwise interactions to complex multi-way contacts—both accessible and reproducible.
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3. VISUALIZATION OF 3D GENOME STRUCTURES USING GGHIC
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All figures presented are unprocessed results generated by gghic, with no
O Translocation post-processing or editing.
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