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Introduction

Gene prediction, also known as gene finding or gene
annotation, is a crucial step in deciphering the functional
elements of a genome. Accurate identification and annotation of
genes are fundamental for understanding the genetic basis of
biological processes, disease mechanisms, and evolutionary
relationships. This research article provides an overview of gene
prediction methods, discusses the challenges associated with
gene prediction, and explores future perspectives in the field.
The article highlights the significance of advancing gene
prediction techniques in the era of high-throughput sequencing
technologies and emphasizes the need for integrating multiple
data sources to enhance gene annotation accuracy. The advent
of genome sequencing technologies has led to the generation of
vast amounts of genomic data. Deciphering the functional
elements within these genomes, such as genes, is essential for
understanding the complexity of biological systems. Gene
prediction algorithms aim to identify the locations and
structures of genes based on sequence information and
computational models.

Gene Prediction Methods

Ab initio methods use computational algorithms that rely
solely on DNA sequence features to predict genes. These
methods utilize statistical models, machine learning techniques,
and comparative genomics approaches to infer gene structures.
Prominent ab initio gene prediction tools include GeneMark,
AUGUSTUS, and Glimmer. Comparative genomics approaches
leverage evolutionary conservation to predict genes in a target
genome by comparing it with reference genomes. This method
identifies conserved regions across multiple species, inferring
functional elements, including genes. Tools such as BLAST,
GeneWise, and OrthoFinder are commonly employed in
comparative genomics-based gene prediction. Transcriptome-
based gene prediction integrates experimental data from RNA
sequencing (RNA-seq) to improve gene annotation accuracy.
This method aligns RNA-seq reads to the genome, allowing the
identification of transcription start sites, alternative splicing
events, and non-coding RNA genes. Tools like Cufflinks, StringTie,
and Trinity are widely used for transcriptome-based gene
prediction. The availability of fragmented or incomplete

genomic data poses challenges in accurately predicting genes,
particularly in non-model organisms or poorly sequenced
genomes. Integration of multiple data sources, such as
transcriptomic and proteomic data, can help address this issue.
Alternative splicing generates multiple transcript isoforms from
a single gene, significantly increasing transcriptome complexity.
Identifying and accurately annotating gene isoforms remain a
major challenge in gene prediction, requiring advanced
algorithms and comprehensive transcriptomic datasets.

Identification of Non-Coding RNA Genes

Non-coding RNA genes play crucial regulatory roles but are
often missed by traditional gene prediction methods that
primarily focus on protein-coding genes. Developing specialized
tools and pipelines to predict non-coding RNA genes is an active
area of research. Advancements in high-throughput sequencing
technologies enable the generation of various omics data,
including  genomics, transcriptomics, proteomics, and
epigenomics. Integrating multi-omics data can enhance gene
prediction accuracy, providing a more comprehensive
understanding of gene functions. Deep learning techniques,
such as Convolutional Neural Networks (CNNs) and Recurrent
Neural Networks (RNNs), have shown promising results in
various bioinformatics applications. Applying deep learning
algorithms to gene prediction can potentially improve accuracy
and handle complex genomic features. Long-read sequencing
technologies, such as PacBio and Oxford Nanopore sequencing,
offer improved read lengths and can span through repetitive
regions, aiding in the accurate prediction of complex gene
structures. Integrating long-read sequencing data with other
gene prediction methods can enhance annotation quality. Gene
prediction plays a pivotal role in genome annotation and
understanding the functional elements within genomes. Various
gene prediction methods, including ab initio, comparative
genomics, and transcriptome-based approaches, have been
developed to tackle this task. However, challenges such as
incomplete data, alternative splicing, and non-coding RNA genes
persist. Future advancements in integrating multi-omics data,
deep learning algorithms, and long-read sequencing
technologies hold great promise for improving gene prediction
accuracy and expanding our knowledge of the complex genomic
landscape.
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