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Abstract

The secondary metabolism of plants is an essential life process enabling organisms to navigate various stages of plant development
and cope with ever-changing environmental stresses. Secondary metabolites, abundantly found in nature, possess significant medicinal
value. Among the regulatory mechanisms governing these metabolic processes, alternative splicing stands out as a widely observed
post-transcriptional mechanism present in multicellular organisms. It facilitates the generation of multiple mRNA transcripts from a
single gene by selecting different splicing sites. Selective splicing events in plants are widely induced by various signals, including
external environmental stress and hormone signals. These events ultimately regulate the secondary metabolic processes and the
accumulation of essential secondary metabolites in plants by influencing the synthesis of primary metabolites, hormone metabolism,
biomass accumulation, and capillary density. Simultaneously, alternative splicing plays a crucial role in enhancing protein diversity
and the abundance of the transcriptome. This paper provides a summary of the factors inducing alternative splicing events in
plants and systematically describes the progress in regulating alternative splicing with respect to different secondary metabolites,
including terpenoid, phenolic compounds, and nitrogen-containing compounds. Such elucidation offers critical foundational insights
for understanding the role of alternative splicing in regulating plant metabolism and presents novel avenues and perspectives for

bioengineering.

Introduction

In nature, plants do not exist in isolation but rather interact with
other organisms and their surrounding environment, inevitably
influenced by it. When faced with environmental stress, plants
produce secondary metabolites to combat instability and sustain
their normal growth and development process. These secondary
metabolites are highly valuable to humans, finding applications
across various industries, including the chemical, cosmetic,
pharmaceutical, and spice sectors [1-4] (Fig.1). For instance,
artemisinin, derived from Artemisia annua, is a sesquiterpene com-
pound renowned for its significant medical benefits, including
antimalarial properties [5], as well as its potential in treating
tuberculosis [6] and diabetes [7]. Similarly, vinblastine and
vincristine, derived from Catharanthus roseus, exhibit potent
anticancer effects [1], thus playing a pivotal role in the phar-
maceutical industry. Furthermore, linalool, a common essential
oil component, finds widespread use in the cosmetics industry [2].

Secondary metabolism refers to the process by which organ-
isms synthesize non-essential substances for immediate survival

and store secondary metabolites. These secondary metabolites
are derived from primary metabolites, serving as precursors to
synthesize compounds that lack a direct physiological function
but contribute to various biological activities. This process is
known as secondary metabolism, and the resulting products are
termed secondary metabolites. Secondary metabolites possess
protective properties that aid plants in surviving and adapting
to their environment [8]. Secondary metabolites are character-
ized by a complex molecular structure, unique metabolic path-
way, involvement of numerous enzymes, typically low yields, and
often unclear physiological functions [9]. The chemical structures
of secondary metabolites are complex, as are their synthesis
pathways. Secondary metabolite biosynthesis pathways can be
categorized into several extensions of primary metabolic path-
ways, including glucose metabolism, the shikimic acid pathway,
amino acid pathways, and acetic acid pathways. Plant hormones
play a crucial role in influencing the accumulation of secondary
metabolites. Due to the diversity of secondary substances, their
metabolic reactions vary significantly, often occurring only in
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introns can successfully rescue it. However, MYB82 with either of
the two introns individually cannot fully rescue the myb82 mutant
[118]. The result is similar to that of a previous study indicating
that an intron alone can fully restore the mutant phenotype [119].
This is because introns contain key cis-elements regulated by
other factors for precise temporal and spatial expression.

The class IV homeodomain-leucine zipper (HD-Zip IV) pro-
tein may be involved in trichome development and typically
undergoes alternative splicing [120]. In cucumber, the HDZIP tran-
scription factors MICT, TBH, and CsGL1 are allelic with alter-
native splicing, resulting in different phenotypes of trichomes
under microscopic observation [121]. The negative regulator of
trichome development has been found to undergo alternative
splicing evens. The CAPRICE (CPC)-like MYB4 (CPL4), also known
as TCL2, exhibits two splicing variants, CPL4-a and CPL4-B. These
three splicing variants collectively regulate trichome develop-
ment in Arabidopsis [122]. Splicing regulators can also influence
the development. SmD3, an snRNP, plays crucial roles in the splic-
ing of primary transcripts. SmD3 has two splicing variants, SmD3-a
and SmD3-b, both of them regulating trichome development [123].

Conclusions and future directions

An increasing body of research indicates the significant role of
alternative splicing in various aspects of plant life processes.
These splicing events are not only crucial at the RNA and pro-
tein levels but also serve as indispensable regulatory mecha-
nisms for the growth, development, and adaptation of all plant
species to diverse environmental conditions. In nature, plants
respond to environmental stress and fluctuations in hormone
levels, often exhibiting a plethora of alternative splicing events in
genes involved in signal transduction and synthesis pathways. In
recent years there has been a growing recognition of the pivotal
role of alternative splicing in plants, particularly in the regulation
of growth and response to external stress. Alternative splicing
is intricately linked to plant responses to environmental stress.
Moreover, alternative splicing events regulate physiological and
biochemical processes such as the synthesis and accumulation
of crucial primary metabolites, biomass accumulation, hormone
metabolism, and trichome density in plants, thereby influencing
the expression levels of secondary metabolites. Overall, alterna-
tive splicing processes are ubiquitous in plants and play a sig-
nificant role in secondary metabolism. Investigating alternative
splicing events in plants can enhance our understanding of and
precision in controlling secondary metabolic processes and the
synthesis of secondary metabolites, thereby furnishing a reliable
foundation for guiding future production endeavors.

However, current research on alternative splicing still faces
limitations due to the lack of timely and continuous updates of
public databases, resulting in a significant amount of potentially
valuable data being classified as junk. Additionally, delays in the
uploading of new transcripts by the research community can
hinder the discovery of alternative splicing events. Theoretically,
the entire transcriptome harbors an infinite number of splicing
possibilities, with infinite potential conditions influencing alter-
native splicing and promoting the emergence of new isoforms. A
more direct approach involves manually assembling transcripts
from specific genes. Manual mapping, while a low-throughput
method that is time-consuming and inefficient, offers the high-
est probability of identifying all transcripts from a single gene
[124]. Hence, the primary objective of future alternative splic-
ing research will be to efficiently and precisely identify specific
events within the transcriptome. Simultaneously, there is consid-

erable scientific interest in functionally characterizing all alter-
native splicing isoforms of each gene and discerning their roles
in regulating various metabolic processes, thus elucidating the
underlying mechanisms of alternative splicing [44]. In summary,
investigating the role of alternative splicing in regulating plant
metabolism will furnish crucial foundational knowledge and offer
novel approaches and insights for enhancing plant performance,
yield, and utility through bioengineering.
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