A Machine Learning-Based Method for Cancer-Related Long Noncoding RNA
Identification Using Integrated Features from Multi-Omics Data
**Introduction**
/
The rapid advances in high-throughput sequencing technologies have led to an unprecedented accumulation of genomic and transcriptomic data, revolutionizing our understanding of the complex molecular mechanisms underlying human diseases, especially cancer (Statello et al., 2020).  A key aspect of this new wave of cancer genomics research is the discovery and functional characterization of long non-coding RNAs (lncRNAs), a class of RNA molecules longer than 200 nucleotides that do not encode proteins (Bartoniček et al., 2016).  Emerging evidence has shown that long non-coding RNAs (lncRNAs) play crucial regulatory roles in diverse cellular processes, including proliferation, migration, invasion, and apoptosis, an indication of their importance in the development and progression of cancer (Huang et al., 2013)(Statello et al., 2020)(Gao et al., 2020).
Recent studies have demonstrated the dysregulation of long non-coding RNAs in various types of cancer, and have highlighted their potential as novel biomarkers and therapeutic targets (Huang et al., 2013)(Statello et al., 2020).  However, the identification and functional annotation of cancer-related long non-coding RNAs remains a significant challenge, as the sheer number of putative long non-coding RNAs and our limited understanding of their molecular mechanisms of action.(Statello et al., 2020)(Gao et al., 2020)(Huang et al., 2013)(Bartoniček et al., 2016)(Statello et al., 2020)(Gao et al., 2020)
To address this challenge, we propose a machine learning-based approach that integrates multi-omics data to enhance the prediction of long non-coding RNA-protein interactions, which are crucial for el
ucidating the biological functions of these enigmatic molecules (Bartoniček et al., 2016)(Statello et al., 2020)(Gao et al., 2020).  The key steps of our approach are as follows:
1) Compiling a comprehensive database of experimentally validated long non-coding RNA-protein interactions from various public resources (Steyaert et al., 2023)(Bartoniček et al., 2016)(Gao et al., 2020)(Statello et al., 2020).  2) Extracting a diverse set of features from the multi-omics data, including sequence-based, structural, and contextual attributes of the long non-coding RNAs and their interacting proteins.(Gao et al., 2020)(Long noncoding RNA – a crosslink in biological regulatory network – lncRNA Blog, 2017)3) Training a bipartite network projection model to predict novel long non-coding RNA-protein interactions based on the integrated features (Chen et al., 2016). 
The predicted interactions will be further validated through experimental techniques, such as RNA immunoprecipitation (RIP) and cross-linking immunoprecipitation (CLIP), to elucidate the functional roles of cancer-related long non-coding RNAs in key cellular pathways and hallmarks of cancer.(Huang et al., 2013)(Gao et al., 2020)(Huang et al., 2013)(Gao et al., 2020)
This integrated computational and experimental approach holds promise for enhancing our understanding of the complex regulatory networks involving long non-coding RNAs in cancer, and may ultimately lead to the identification of novel diagnostic and therapeutic targets.(Gao et al., 2020)(Huang et al., 2013)(Gao et al., 2020)(Bartoniček et al., 2016)(Gao et al., 2020)(Bartoniček et al., 2016)(Sobhani et al., 2022)
**Materials and Methods**
The first step in our approach is to construct a comprehensive database of experimentally validated long non-coding RNA-protein interactions. We will integrate data from various public repositories, such as RAID, starBase, and lncRNAtor, which curate long non-coding RNA-protein interactions from low-throughput experiments and high-throughput techniques like cross-linking immunoprecipitation (CLIP-seq) and RNA immunoprecipitation (RIP-seq).(Xiao et al., 2015)
Next, we will extract a diverse set of features from the multi-omics data to characterize the long non-coding RNAs and their interacting proteins. These features will include sequence-based attributes (e. g., primary sequence, GC content, and secondary structure), contextual features (e. g., expression levels, co-expression patterns, and genomic locations), and structural properties (e.(Long noncoding RNA – a crosslink in biological regulatory network – lncRNA Blog, 2017)(Xiao et al., 2015)(Chen et al., 2016)g., secondary structure, GC content, and evolutionary conservation).(Gao et al., 2020)(Xiao et al., 2015)
To integrate these heterogeneous features, we will employ a bipartite network projection model, which has been shown to effectively capture the complex interactions between biomolecules (Ma et al., 2018).  In this approach, the long non-coding RNAs and their interacting proteins will be represented as nodes in a bipartite network, and the interactions will be encoded as edges.
We will then train a supervised machine learning model, such as a gradient boosting algorithm, to predict novel long non-coding RNA-protein interactions based on the integrated features. The performance of the model will be evaluated using cross-validation and independent test sets.
Finally, we will experimentally validate a subset of the predicted interactions using techniques such as RNA immunoprecipitation and cross-linking immunoprecipitation. The validated interactions will be used to elucidate the functional roles of the cancer-related long non-coding RNAs in key cellular pathways and hallmarks of cancer.
**Expected Outcomes and Significance**
We expect that our integrated computational and experimental approach will significantly enhance the identification and functional annotation of cancer-related long non-coding RNAs. The predicted long non-coding RNA-protein interactions will provide valuable insights into the complex regulatory networks involving these enigmatic molecules in cancer, potentially leading to the discovery of novel diagnostic biomarkers and therapeutic targets (Cao et al., 2018)(Zhang et al., 2019)(Gao et al., 2020).
Additionally, the machine learning-based framework developed in this study can be readily extended to other types of non-coding RNAs, such as microRNAs and circular RNAs, and their interactions with other biomolecules. The integration of multi-omics data and advanced computational techniques holds great promise for unraveling the intricate roles of non-coding RNAs in human health and disease (Cao et al., 2018)(Lei et al., 2020)(Tran & Gao, 2019)(Zhang et al., 2019). 
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