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			Editorial on the Research Topic 

			Network Bioscience

			

Networks in Many Guises for Bioscience

			In the last decade, the very nature of biological research has changed as large-scale data arrive at torrential force and it has ushered in a new era of Bioscience; but also this high dimensional big data is being used to support inference of various types and multiplicities of hypotheses about the extant relationships among the “variables” being measured.

			The typical current example in the biomedical field is sequencing data (in various forms: DNA sequencing, RNA sequencing, ATAC using sequencing, etc.). Another kind of data currently collected is proteomic data, often with the goal of producing protein-protein interaction networks (PPI networks). Yet another is data about the metabolome of a biological system. Moreover recently, also phenotypic data, data on diseases, symptoms, patients, etc., are being collected at nation-wide level thus giving us another source of highly related (causal) “big data.”

			From these kinds of data, biologists and bioinformaticians, can make many inferences, and, more often than not, such inferences now reuse several notions, theories, and tools from the field of network science. Network science has accelerated a deep and successful trend in research that influences a range of disciplines like mathematics, graph theory, physics, statistics, data science, and computer science (just to name a few), and adapts the relevant techniques and insights to address relevant but disparate social, biological, technological questions.

			Most of the data kinds just mentioned naturally lend themselves to a network analysis. The network model is a key viewpoint leading to the uncovering of mesoscale phenomena, thus providing an essential bridge between the observable phenotypes and omics underlying mechanisms. Moreover, network analysis is a powerful hypothesis generation tool guiding the scientific cycle of data gathering, data interpretation, hypothesis generation, and hypothesis testing.

			The papers contained in the present research topic—Network Bioscience—are examples of how network and graph analysis can be used to elucidate various aspect of biological systems from metabolic regimes, to phenotype-genotype linking, to relationships assessment among diverse omics data for therapy design, to functional submodule identification in a gene network for cancer studies.

			


Papers Presentation

			The papers collected in this research topic are roughly grouped as follows:

			• “Foundational” papers,

			• Analysis of particular biomedical problems,

			• Tool presentations.

			Several contributions tackle foundational aspects of network bioscience, relative to their origin, evolution, underlying philosophy, mathematical modelling, as well as connections to network medicine on one hand and dynamics of bio-chemical reactions on the other hand.

			Janwa et al. explore the role of information asymmetry in the genesis and evolution of pairwise biomolecular interactions leading to the formation of extensive and complex networks of biomolecular interactions. Pusa et al. review a network-based evolutionary game-theoretic view of emerging phenotypes and its use in the context of metabolic modeling. Sonawane et al. connect the emerging field of network medicine with the opportunity of collecting big biomedical data identifying three different network archetypes according to different underlying philosophies.

			Biran et al. and Nelson et al. discuss mathematical aspects of bio-networks science relative to the benefits of propagation of information in bio-networks and the benefits of embedding bio-networks into low-dimensional Euclidean spaces both for visualization and for tasks such as network de-noising, modularization, and function prediction.

			Loskot et al. survey recent advances in the broad area of bio-chemical reaction networks, which constitute a crucial model for elucidating non-linear dynamics of bio-chemical processes.

			Two papers report on the application of network-based models to unravel complex physiological and pathological processes, namely the molecular mechanisms causing mucociliary clearance in the human respiratory tract (Yepiskoposyan et al.) and the role of active regulatory sub-networks characterizing a genetic brain disorder: Rett Syndrome (Miller et al.).

			Active subnetwork/module identification is a key step in the process of discovering differences between cases and controls (e.g., pathological and healthy states) that fully exploit the rich structure of the bio-network models, and play a key role parallel to that of DGE (differential gene expression) in comparative genomic expression analysis. Nguyen et al. contributed a review of 22 state-of-the-art integrative tools and algorithms for such problem, including a discussion of outstanding challenges and open problems. Two new original methods: NoMAS by Altieri et al. and PathFindR Ulgen et al. push forward the state of the art on active subnetwork/module identification. Tripathi et al. discuss important issues relative to benchmarking of active subnetwork/module identification methods, and to the adaptation of existing general-purpose community detection algorithms for this task.

			Converting raw-data into a suitable network model is a non-trivial task, a source of very important and challenging problems. Here we have a few such examples. Tan et al. describe QS-Net, an accurate methodology for building phylogenetic networks from basic sequencing data. Vekris et al. develop analytical tools and strategies for de-noising phage display data, employing graph-theoretic methods. Koutsandreas et al. report on the new pipeline ANASTASIA for metagenomic analysis of environmental samples, which is a challenging source of data. Shafi et al. focus on the challenge of defining multi-cohort and multi-omics meta-analysis framework that overcomes limitations of less integrative approaches in order to identify robust molecular subnetworks that capture the key dynamic nature of a given biological condition. Weighill et al. unravel the multi-phenotype signatures of genes on a genome-wide network built from SNP-phenotype association data, thus improving the interpretation of large GWAS datasets and aiding in future synthetic biology efforts designed to optimize phenotypes of interest.
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