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DESCRIPTION

Functional annotation of non-coding Ribonucleic Acid (RNA)
through transcriptomic approaches has become a critical area of
modern molecular biology, reshaping the understanding of
genome functionality beyond protein-coding genes. Although
only a small fraction of the genome encodes proteins, a vast
majority is actively transcribed into non-coding RNA molecules
that
organization,

play essential roles in gene regulation, chromatin

cellular signaling, and disease development.
Advances in transcriptomic technologies, particularly RNA
sequencing, have enabled researchers to systematically identify,
quantify, and non-coding RNAs at an unprecedented scale,
opening new avenues for functional annotation and biological
discovery. RNA sequencing serves as the foundation for
functional annotation of non-coding RNAs. By sequencing total
RNA or enriched RNA fractions, researchers can capture both
abundant and low-expression non-coding transcripts. Unlike
traditional microarray-based methods, RNA sequencing does not
rely on predefined probes, allowing discovery of novel non-
coding RNA species. Long non-coding RNAs represent one of
the most extensively studied classes of regulatory RNAs. These
transcripts, typically longer than 200 nucleotides, are involved in
chromatin remodelling, transcriptional regulation, and post-
transcriptional control. Transcriptomic profiling has revealed
that long non-coding RNAs exhibit highly cell-type-specific
expression patterns, suggesting specialized roles in development
and disease. Functional annotation studies have shown that
many long non-coding RNAs act as scaffolds for chromatin-
modifying complexes or as molecular decoys that regulate
transcription factor activity.

Circular RNAs have also gained significant attention in recent
years due to their unique covalently closed loop structure.
Transcriptomic analysis has shown that circular RNAs are often
expressed in a tissue-specific manner and can function as
microRNA sponges, regulators
templates for translation in some cases. Functional annotation

of transcription, or even

of circular RNAs through transcriptomics continues to expand
understanding of their biological roles. Enhancer RNAs
represent class of non-coding RNAs

another emerging

transcribed from enhancer regions of the genome. These RNAs
are often transiently expressed and are associated with active
regulatory elements. Transcriptomic profiling has demonstrated
that enhancer RNA expression correlates with target gene
activation, suggesting a role in transcriptional regulation.
Although their exact mechanisms are still being studied,
enhancer RNAs are believed to contribute to chromatin looping
and enhancerpromoter interactions. Single-cell transcriptomic
the

annotation of non-coding RNAs by enabling analysis at cellular

technologies have significantly advanced functional
resolution. This has revealed that non-coding RNA expression is
highly heterogeneous across individual cells, even within the
same tissue. Single-cell approaches have also helped identify rare
cell populations expressing unique non-coding RNA signatures

that may be important in development or disease.

Spatial transcriptomics further enhances functional annotation
by preserving the spatial context of non-coding RNA expression
within tissues. This allows researchers to map where specific
non-coding RNAs are expressed and how their expression
correlates with tissue architecture. Spatial analysis has revealed
specific
anatomical regions, such as tumor microenvironments or
developing embryonic tissues, suggesting localized regulatory
functions. Computational approaches are essential for
interpreting transcriptomic data related to non-coding RNAs.

that certain non-coding RNAs are enriched in

Bioinformatics pipelines are used to assemble transcripts,
quantify expression levels, and predict functional interactions.
Machine learning methods are increasingly applied to classify
non-coding RNAs based on sequence features, expression
patterns, and structural properties. Many non-coding transcripts
lack clear functional, and experimental validation is often
required to confirm computational predictions. Additionally,
low expression levels and high tissue specificity make detection
and analysis difficult. Distinguishing functional non-coding
RNAs from transcriptional noise continues to be a major area of
research. Integration of multi-omics data has significantly
improved the annotation process. By combining transcriptomic
data with Epigenomic, proteomic, and chromatin interaction
data, researchers can better infer the regulatory roles of non-
coding RNAs. Correlation between non-coding RNA expression
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and histone modification patterns can indicate involvement in
transcriptional regulation. Similarly, interactions with RNA-
binding proteins can provide functional clues. Recent
technological advancements, including longread sequencing,
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have further enhanced non-coding RNA discovery by enabling
full-length transcript reconstruction. This has improved the
accuracy of transcript annotation and revealed complex isoform
diversity among non-coding RNAs.
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