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We tested the negative-sampling works on three kinds of human biomolecular interactions predictions, i.e., lncRNA-protein, protein-protein and drug-target. In each prediction task, multiple datasets are used in order to demonstrate the generalizability of our conclusions.
LncRNA-protein interaction dataset
In this study, we utilized two lncRNA-protein interaction datasets, including NPInter v4.0 [63,64] and RAID v2.0 [65,66]. To mitigate the impact of sequence homology, we employed a filtering approach. Proteins exhibiting a sequence similarity above 30% were excluded from the analysis using the CD-HIT tool. Similarly, we removed lncRNAs with a sequence similarity exceeding 80%. This stringent filtering step was implemented to minimize potential bias arising from highly similar protein and lncRNA sequences.
NPInter v4.0 is a database that incorporates experimentally identified interactions involving non-coding RNAs (ncRNAs). Our process involved the following steps. Initially, we downloaded all lncRNA interactions from NPInter v4.0 and specifically extracted the human lncRNA-protein interactions from the dataset. To obtain sequence information for the lncRNAs, we utilized NONCODE v6.0 [80]. By using NONCODE's ncID (gene ID), we were able to convert it into a transcript ID, which facilitated the retrieval of sequence information. We excluded lncRNAs from our analysis if their sequence information was unavailable in NONCODE v6.0. After reducing sequence similarities to minimize biases, we obtained a final set of 214,957 lncRNA-protein pairs involving 27,257 unique lncRNAs and 2,440 unique proteins.
For RAID v2.0 database, we extracted only human lncRNA-protein interactions. To obtain the sequence information of the LncRNAs, we utilized the extracted gene IDs and searched for the respective lncRNA sequences on the National Center for Biotechnology Information (NCBI) website. LncRNAs that lacked sequence information in the NCBI database were excluded from our analysis. As for the proteins in the RAID database, they were identified by gene names. To ensure consistency, we converted the protein gene names to UniProt IDs using the ID mapping tool available on the UniProt platform. Subsequently, we removed proteins with unavailable sequence information from the UniProt database. After reducing sequence identities, our filtering process resulted in a final set of 15,384 lncRNA-protein pairs, comprising 1,093 unique lncRNAs and 5,523 unique proteins from the RAID v2.0 database.
Protein-protein interaction dataset
We utilized four protein-protein interaction datasets in our study, namely InBioMap [67,68], STRING [69,70], BioGRID [71,72] and HuRI [73,74]. For all the five datasets, we excluded interactions that lacked protein sequence information available in UniProt [81]. To minimize the potential bias introduced by sequence homology, we further eliminated redundant sequences from the datasets. Specifically, protein sequences with a sequence similarity greater than 30% for both proteins involved in an interaction were removed. This filtering process was carried out using the CD-HIT tool [79].
Li et al. provided a scored human protein–protein interaction network (InWeb_InBioMap, or InWeb_Im) through data integration and quality control. First, we downloaded the data on the website and the protein-protein interactions whose score were smaller than of 0.8 was removed. In addition, in order to find the sequence information of the protein, we used HUGO Gene Nomenclature Committee (HGNC) [82] to convert GENE symbol to UniProt ID. Finally, as a result of preprocessing steps, we obtained a dataset with 69,082 protein-protein interactions and 5,915 proteins.
The STRING database is a comprehensive resource that consolidates both known and predicted associations between proteins, encompassing physical interactions as well as functional associations. It stands as the largest protein-protein interaction database available. In our research, we utilized version 11.5 of STRING, which represents the latest version at the time of our study. To extract the most reliable interactions from the STRING database, we applied a threshold criterion. Specifically, we considered interactions with scores greater than 0.8, focusing on high-confidence associations. By doing so, we aimed to ensure the quality and reliability of the interactions included in our dataset. As a result of the preprocessing process, we obtained a dataset containing 79,670 protein-protein interactions involving 8,234 unique proteins.
BioGRID is a biomedical interaction repository with data compiled through comprehensive curation efforts. In our study, we accessed the BioGRID database and downloaded the version 4.4.214 of the interaction data, which was compiled on September 25th, 2022. As a result of preprocessing steps, we obtained a final dataset comprising 33,560 protein-protein pairs involving 6,530 unique proteins.
HuRI is the first human ‘all-by-all’ binary reference interactome map using the yeast two-hybrid (Y2H) method, followed by validation through orthogonal assays. HuRI encompasses approximately 90% of the protein-coding genome comprising of 17,408 protein-coding genes and approximately 53,000 protein–protein interactions. As a result of preprocessing steps, we obtained a dataset with 23,637 protein-protein interactions and 5,073 proteins.
Drug-target interaction dataset
We conducted an evaluation of our proposed method using two distinct datasets. The first dataset, DrugBank [75,76], is a comprehensive collection of unique bioinformatics and cheminformatics resources. It consists of 16,553 drug-target interactions involving 5,996 unique drugs and 3,479 targets. The second dataset, DrugCentral [77,78], encompasses 9,477 drug-target interactions. Within this dataset, there are 1,427 unique drugs and 1,106 targets.
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