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Abstract: Networks and their properties have been used to study complex biological systems. Recently, network
curvature measures have demonstrated the ability to capture relevant network properties. This study employs
network curvature measures to analyse gene expression correlations in various human tissues for identifying
unique topological features that differentiate these groups. Preliminary findings suggest that curvature measures
offer novel insights that could enhance our understanding of the biological systems.
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I. Introduction

Studying biological networks provides invaluable insights into the complex interactions and
regulatory mechanisms underpinning cellular functions. Recent advancements in bioinformatics
and computational biology have allowed for the detailed mapping and analysis of these networks,
particularly in the context of gene expression and regulation [1,2]. One emerging area of interest is
the exploration of network topology through geometric and topological measures, such as network
curvature. Network curvature, a concept borrowed from differential geometry, has shown potential
in highlighting key features and differences in the structural organization of networks, which may
be linked to biological function or disease states. Gene expression varies significantly between
genders, a crucial factor influencing susceptibility, onset, and the progression of numerous diseases.
Understanding these differences at the network level can provide deeper insights into gender-specific
medical treatments and interventions [3-6].

However, traditional network analysis methods often overlook the subtleties that may distinguish
male-specific networks from female-specific ones in gene expression data. Here, we propose the use of
network curvature—specifically [7], Forman-Ricci and Ollivier-Ricci [8] curvatures—as discriminant
features to explore and compare the correlation networks of gene expressions between genders,
underscoring the importance of gender-specific research in our understanding of biological networks
[9].

The curvature of a network provides a quantitative measure of how the network deviates from
being "flat" or "tree-like" in its local or global connectivity patterns. Forman-Ricci curvature, which
considers edge weights and the degree of nodes, offers insights into edge-centric properties [10]. For
instance, it can help identify hubs or bottleneck nodes in a network. On the other hand, Ollivier-Ricci
curvature focuses on the distribution of shortest paths and can be interpreted in terms of network
transport efficiency and robustness. It can reveal how easily information or signals can flow through a
network. Both these curvature measures have been applied in various domains, such as analyzing
brain networks and social networks, and have shown their capability to reveal critical structural
information that is not apparent through traditional network metrics [].

This paper introduces a novel concept of applying network curvature to gender-specific gene
correlation networks. This approach aims to identify key differences in network topology that correlate
with gender. By applying these curvature measures to publicly available gene expression datasets, we
aim to demonstrate how they can serve as powerful tools for uncovering gender-specific characteristics
in gene regulatory mechanisms. Our innovative approach not only enhances the understanding of

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202410.2354.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 October 2024 d0i:10.20944/preprints202410.2354.v1

20f4

genetic differences influenced by gender but also has the potential to revolutionize the field of network
science by integrating geometric analysis into the study of biological networks. The remainder of this
paper is organized as follows.

II. Network Curvature Measures

The Forman-Ricci curvature for an edge e in a weighted graph connecting vertices # and v with
weights w(u), w(v), and w(e) is given by: “latex

F(e) = w(e)(w(lu) ) ) Z __wle)

w(u)w(v')
e;ée

where ¢’ is an edge adjacent to e and u’ and v’ are the vertices connected by ¢’.
The Ollivier-Ricci curvature for an edge e = (1, v) is defined as:

K(e) =1 — Wi(pu, po)

where y,, and p, are probability measures concentrated at vertices u and v, respectively, and W
is the 1-Wasserstein distance between these measures.

These formulas encapsulate the essence of the curvature concepts applied to graph edges in
the context of network analysis, useful for understanding connectivity and topology within graph
structures.

III. A Case Study

In this case study we explore the possibility to use network curvature measures for discriminating
correlation netwroks based on their health status and gender of the related patients. We constructed
correlation networks for various tissues, categorizing them into distinct groups.

Each network models the correlation of gene expression values extracted from the GTEx database
and stratified by gender to create separate networks for males and females. We employed standard
correlation techniques available on the PyWGCMA package to identify connections between genes.

To analyze the network structure, we calculated the Ollivier-Ricci curvature a metric derived
from Riemannian geometry. This measure assesses the "shape" of the network at each node and edge,
providing insights into the overall topological structure.

Areas of high curvature indicate tightly interconnected gene clusters, while low curvature regions
may suggest gene expression divergence potentially related to disease processes.

Our primary hypothesis was that network curvature measures could effectively discriminate
between the four defined patient groups.

We here show preliminary results for a single tissue, as summarised in Table 1.

Table 1. Comparison of Means and Standard Deviations Between Men and Women Across Age Groups

Age Group Mean £ SD Men Mean + SD Women p-value

20-29 —39.58 £ 53.30 —39.05 £ 43.58 0.4420
30-39 —32.64 +47.67 —39.58 +53.30 0.0000
40-49 —26.07 £75.15 —31.01 +44.25 0.0000
50-59 —35.67 =44.13 —43.73 £ 67.56 0.0000
60-69 —30.26 +78.46 —31.78 +55.94 0.1163

All Age Groups —32.84 +61.60 —37.03 +53.87 0.0000
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Figure 1. Boxplots showing the Comparison Between Men and Women Across Age Groups
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IV. Conclusion

This study demonstrates the potential of network curvature measures as discriminative tools
for categorizing gene expression profiles across gender and health conditions. The distinct curvature
patterns observed between male and female networks, as well as healthy and diseased states, highlight
the intricate biological differences that can be quantitatively captured through topological analysis.
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