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Long non-coding RNAs (lncRNAs) serve
as crucial regulators of gene expression,
influencing various physiological pro-
cesses and disease states (Cabili et al.,
2011; Ulitsky and Bartel, 2013; Yao et al.,
2019). Dysregulation of certain notable
lncRNAs, such as HOTAIR and MALAT1,
has been implicated in a wide range of
pathological processes, including tumor-
igenesis in various human cancers (Gupta
et al., 2010; Kim et al., 2018). However,
the functions of the majority of lncRNAs
remain elusive. Traditional sequence
comparison methods are limited in their
ability to identify homologous lncRNAs
across species due to the poor sequence
conservation (Derrien et al., 2012; Hez-
roni et al., 2015). For instance, among
tens of thousands of lncRNA genes in
zebrafish and humans, only a very small
fraction exhibit sequence-conserved
homologous (Ulitsky et al., 2011).

In response to this challenge, Huang et
al. (2024) introduced a novel computa-
tional approach, known as lncHOME
(Figure 1A), designed to identify con-
served homologous lncRNAs across eight
vertebrate species, including human,
mouse, and zebrafish. This method fo-
cused on a distinct class of lncRNAs
characterized by conserved genomic posi-
tions and patterns of RNA-binding protein
(RBP) binding site, referred to as co-
PARSE-lncRNAs. Additionally, the
authors used a CRISPR-based knockout
and rescue screening system to experi-
mentally validate the conserved functions
of the identified homologous coPARSE-
lncRNAs in different species. This experi-
mental evidence supports the notion that
distantly related species retain similar
regulatory grammar.

In total, lncHOME identified 570 hu-
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Figure 1. The workflow and features of lncHOME. A, Workflow for lncHOME analysis of functional conserved
lncRNAs in vertebrates. lncHOME delineates conserved lncRNAs by combining the identification of
functional conserved motif across species (left) and the analysis of similar motif distribution patterns
(right). B, The evolutionary features and conserved functions of coPARSE-lncRNAs. lncHOME recognizes
coPARSE-lncRNAs as a distinct class of lncRNAs characterized by conserved genomic locations and patterns
of RBP binding sites. Using a knockout screen based on Cas12a with paired crRNAs revealed 75 coPARSE-
lncRNAs that modulate cancer cell proliferation. Moreover, several prioritized human coPARSE-lncRNAs,
along with their zebrafish homologs, were validated to exert shared functions across evolutionarily distant
species.
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man coPARSE-lncRNAs bearing homolo-
gous RBP-regulatory signatures with zeb-
rafish lncRNAs, representing a sub-
stantial expansion compared with the
mere 17 identifiable homologous lncRNAs
detected through sequence alignment
alone. These newly classified coPARSE-
lncRNAs exhibit enrichment for disease-
associated mutations and are more fre-
quently dysregulated in cancer tissues
compared with non-homologous frag-
ments. These findings suggest that co-
PARSE-lncRNAs may have significant
physiological functions.

The authors delved deeper into the
functional conservation of the identified
coPARSE-lncRNAs. They established a
CRISPR-Cas12a-mediated knockdown
screening system and pinpointed 75
coPARSE-lncRNAs that promote cancer
cell proliferation (Figure 1B), with 37
exhibiting pivotal roles in HeLa cells.
Subsequently, they devised a single-step
system based on CRISPR-Cas12a for
knockout and rescue. Through this sys-
tem, they observed that zebrafish-derived
coPARSE-lncRNA homologs could allevi-
ate the proliferation defects induced by the
knockdown of human coPARSE-lncRNA
(see Figure 1B). Similarly, human homo-
logous coPARSE-lncRNAs were able to
rescue the severe developmental delays in
zebrafish embryos resulting from the
knockout of four zebrafish coPARSE-
lncRNAs. These findings underscore the
potential functional conservation of co-
PARSE-lncRNAs across evolutionarily re-
lated species.

The authors postulate that coPARSE-
lncRNAs exhibit similar RBP binding
profiles across homologs due to their
identification based on a conserved RBP
binding site pattern. This hypothesis was
validated through RNA pull-down and
mass spectrometry experiments of co-
PARSE-lncRNAs. Notably, the homolo-
gous lncRNAs, which could rescue cell
proliferation or embryonic developmental
defects, shared a large number of RBPs in
their interactomes among human, mouse
and zebrafish. In addition, the conserved
rescuing effect was compromised upon
mutating specific RBP binding sites, such
as NONO and IGF2BP2. These findings
robustly support the notion that co-
PARSE-lncRNA homologs maintain func-
tional conservation through interactions
with specific RBPs.

This study presents a computational
analysis method for identifying poten-
tially homologous lncRNAs across spe-
cies and experimentally verifying their
functional conservation. Despite losing
sequence conservation during evolution,
these lncRNAs retained conserved RBP
binding patterns. Looking ahead, this
work endeavors to unravel the common
regulatory grammar preserved in evolu-
tionarily related species. It is anticipated
that lncHOME will have a wide range of
applications, including the recognition of
lncRNA homologs with diverse functions
and the expansion of RNA homologs
with conserved functions to other types
of non-coding RNAs, such as circular
RNAs.
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