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The formation of the unique floral fragrance of Prunus mume, a famous traditional
Chinese flower, involves the synergistic effects of volatile organic compounds (VOCs) such
as terpenoids, phenylpropanoids and fatty acid derivatives. This paper systematically
reviews and synthesizes the latest research progress on the chemical basis of the aroma
components of Prunus mume and its metabolic regulation mechanism. In terms of molecular
activity, the aroma profile of Prunus mume is jointly determined by the terpenoids
synthesized by the methylerythritol 4-phosphate (MEP) and mevalonic acid (MVA)
pathways, as well as key components such as phenylethanol and benzyl acetate produced by
the phenylpropanoid pathway. Through metabolomics and transcriptomics techniques,
existing studies have identified a regulatory network consisting of key enzyme genes such as
TPS, PAL, AAT and transcription factors such as PmMYB1 and PmWRKY. It was revealed
that jasmonic acid signaling promoted monoterpene synthesis by activating PmDXS gene
expression, while low temperature induced PmPAL activity to increase phenylethanol
accumulation by 50%. Second, this paper analyzes the challenges in the research of the
underlying mechanisms of Prunus mume aroma components, including the lack of in vivo
metabolic imaging technology, unclear epigenetic modification mechanisms and other
bottlenecks, and the future should focus on the precise editing of CRISPR-Cas12i-mediated
metabolic pathways, and the construction of 3D visualization models of petal metabolic
microregions, and other directions. Based on the existing research reviews, this paper
provides a theoretical basis for the molecular breeding of Prunus mume, and the researchers
believe that metabolic engineering is expected to cultivate new varieties of plum blossoms
with long-lasting and stable aroma, which will enhance their ornamental value and
industrialization potential.

Prunus mume, Aroma components, Metabolic regulation, Key genes

Prunus mume is a deciduous tree of the genus Prunus in the family Rosaceae, whose flowers bloom
in the cold winter and early spring with an elegant fragrance that is both ornamental, cultural and
medicinal. Aroma of Prunus mume is a complex mixture of volatile organic compounds (VOCs),
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including terpenoids, phenylpropanoid compounds, and fatty acid derivatives, which together give
Prunus mume unique olfactory characteristics. By systematically combing the chemical basis,
metabolic regulatory mechanisms and domestic and international advances in key genes of Prunus
mume floral scent components, this paper aims to reveal the molecular basis of aroma of Prunus
mume, and to provide a theoretical basis for the molecular breeding and floral scent regulation of
Prunus mume, in order to enhance its ornamental value and potential application prospects.

2. The study of the chemical composition of Prunus mume
2.1. Progress of research on chemical components of Prunus mume

The study of plant aroma chemistry has progressed significantly in recent years with rapid advances
in analytical techniques and increased understanding of plant-environment interactions. The number
of identified volatile chemicals synthesized by various plants exceeds 1000 and is likely to grow as
more plants are examined by new methods for detecting and analyzing often minute amounts of
volatiles [1,2]. These volatile components can be mainly classified into terpenoids,
phenylpropanoids and fatty acid derivatives. Knudsen et al. (1993) analyzed the aroma constituents
of a variety of plants by gas chromatography-mass spectrometry (GC-MS) and found that these
compounds usually have molecular weights lower than 300 and are highly lipid-soluble, are
lipophilic molecules with high vapor pressures , with a variety of ecological functions[3].

In addition, the chemical composition of plant aroma compounds is influenced by plant species,
growing environment, and developmental stage [2]. Advancing analytical techniques have enabled
researchers to gain a more comprehensive understanding of the chemical composition of plant
aroma compounds and their role in plant physiological and ecological processes. Gas
chromatography-mass spectrometry (GC-MS) is the main tool for analyzing plant aroma compounds
with increasing resolution and sensitivity [3] . In addition, the application of mass spectrometry
imaging (MSI) and high-resolution mass spectrometry (HRMS) has provided higher precision and
spatial resolution for the analysis of plant aroma compounds [3] .

Significant progress has been made in the study of plant aroma compounds, but there are still
gaps in the research [2-4]. Among them, the regulation mechanism of biosynthesis of plant aroma
compounds is not fully understood, especially under different environmental stress conditions [5-7] .
On the other hand, the role of plant aroma compounds in plant-microbe interactions also needs to be
further investigated [8] . Based on the current situation, future research on the chemical compounds
of Prunus mume should focus on several aspects: researchers need to analyze the biosynthetic
pathways of plant aroma compounds and their regulatory mechanisms, and at the same time pay
attention to the specific functions of plant aroma compounds in plant-environment interactions

[9,10] Researchers also need to develop new analytical techniques to improve the accuracy and
efficiency of the detection of plant aroma compounds [11] .

2.2. Progress of research on the chemical composition of aroma of Prunus mume

The formation of the aroma of Prunus mume characteristics stems from the systematic synthesis and
synergistic action of its complex volatile components, in which the key regulation of
phenylpropanoid and terpenoid metabolic pathways and the differences in the genetic background of
varieties together shape the diversity and uniqueness of its aroma. Fewer international articles have
been devoted to the study of aroma components released by Prunus mume. Some domestic studies
have used headspace bagging or HS-SPME technology combined with GC-MS to identify the floral
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aroma components of some Prunus species, and concluded that the main volatiles include Benzyl
acetate, benzyl alcohol, eugenol, methyl eugenol, benzaldehyde, and cinnamyl alcohol, etc., of
which benzene ring/benzyl propane compounds are the most abundant and have the highest relative

content' [12-15] However, the selected Prunus mum species were fewer, and the analyses were not
sufficiently detailed. However, these studies selected fewer species of Prunus mume, and the
analysis was not in-depth enough for further research. These aroma of Prunus mume compounds are
mainly synthesized through the synergistic synthesis of phenylpropanoid pathway (Shikimic Acid
pathway) and terpene metabolism pathway (Mevalonate pathway/MVA, Methyl Erythritol
Phosphate pathway/MEP)[13, 16] . The synergistic interaction between different compounds
constitutes the unique aroma profile of Prunus mume. Benzyl alcohol and benzaldehyde, as the main
products of the phenylpropanoid pathway, present fresh and fruity aroma and bitter almond aroma,
respectively, which are high in the aroma of Prunus mume and play a key role in the formation of
the aroma of Prunus mume[14, 17] . In terpenoids, a-pinene's piney fragrance and linalool's sweet
floral aroma enhanced the layers of aroma through the compound effect[13, 18] .

In recent studies, scholars have found significant differences in the aroma composition of
different varieties of Prunus mume[13, 15, 16] : some varieties have a strong aroma with eugenol
and hexyl acetate as the main components, while other varieties have a clear aroma with benzyl
alcohol and benzaldehyde as the main components, and the presence of important common
compounds, such as hexyl acetate, eugenol, Benzyl acetate, and a-pinene, is the main reason for the
similarity of aroma among the varieties of Prunus mume. The presence of important common
compounds such as hexyl acetate, eugenol and a-pinene is the main reason for the similarity of the
floral scent. Yang Yu et al. found that the cinnabar and palace powder variety groups had the highest
number of floral aroma compounds and the highest number of phenyl ring/phenylpropane analogs,
followed by the hopping variety group, the green calyx variety group, the jade butterfly variety
group, and the drooping branch variety group[16] . This difference is mainly due to the differences
in the types and contents of aroma substances contained in different varieties of Prunus mume, while
the underlying reason may be the regulation of the biosynthetic pathways of floral aroma
metabolism by the genetic background of different varieties of Prunus mume.

3. Biosynthetic pathways of floral scent metabolism in Prunus mume
3.1. Synthesis of terpenoids and phenylpropanoids

3.1.1. Domestic and international studies on the metabolic mechanisms of volatile organic
compounds (VOCs) in plants

Research on the mechanism of plant VOC metabolism began to emerge in the 1990s, and
international researchers have paid more attention to the mechanism of plant metabolomics,
especially the research on the regulation of the synthesis of terpenoids and phenylpropanoid
compounds. international theoretical studies on the metabolic pathways of floral aroma originated
from the theoretical model of mevalonate (MVA) pathway established by Chappell (1995), and the
discovery of methylerythritol phosphate (MEP) pathway by Lichtenthaler (1997). These seminal
works provided key methodological support for subsequent studies. In 2005, Dudareva et al. further
found that the synthesis of monoterpenes and sesquiterpenes in Lonchura stramonium is mainly
accomplished via the MEP pathway, while the MVA pathway provides additional precursors in some
cases[19] . Recently, Dudareva's team revealed the mechanism of carbon competition through
metabolic flux analysis and found that the synthesis of sesquiterpenes was reduced by 23% when the
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MEP pathway was active, a breakthrough that pushes the research to the level of dynamic balance of
metabolic networks [11, 20] . It is worth noting that, in response to the academic controversy
between the "hormone-dominant theory" (JA signaling core theory) and the "environment-
responsive theory" (light-temperature synergism theory) of terpene synthesis regulation mechanism,
studies in support of the "hormone-dominant theory" have found that jasmonic acid (JA) plays a
central role in terpene synthesis [21]. Hong et al. (2012) found in Arabidopsis thaliana
inflorescences that the bHLH transcription factor MYC2 activates the expression of two
sesquiterpene synthase genes, TPS11 and TPS21, through the GA (Gibberellic Acid) and JA
(Jasmonic Acid) signaling pathways, thereby regulating terpene synthesis [22] . This finding
suggests a key role for endogenous hormone signaling in the regulation of terpene synthesis. In
2008, Kessler's research team further confirmed the importance of endogenous hormones in the
regulation of terpene synthesis by studying the interaction between tobacco and cotton bollworms
and finding that the JA signaling pathway plays a dominant role in inducing the release of volatile
terpenoids in plants in response to insect feeding[23] . The influence of environmental factors on
terpene synthesis has also been emphasized by international researchers on the one hand in the
"environmental response theory". In 2009, a team of Cordoba researchers found that light, as an
important environmental signal, significantly affects the expression of MEP pathway genes and
terpene synthesis in plants. They noted that light has been shown to activate specific transcription
factors such as members of the PIFs family, which may indirectly regulate the expression of the
DXS (1-deoxy-D-xylulose-5-phosphate synthase) gene. DXS, a key enzyme in the MEP pathway,
has been shown to have a direct effect on terpene synthesis by its activity [19] . In addition,
temperature also has a great effect on terpene synthesis. Further studies have shown that the
synthesis of certain terpenoids in plants is inhibited at low temperatures, while high temperatures
may promote their synthesis, suggesting that temperature in synergy with light may further regulate
terpenoid synthesis by affecting physiological states and metabolic pathways in plants[24] . Existing
international research also suggests that the biosynthesis of plant aroma compounds also involves
the participation of various enzymes including terpene synthase (TPS) and cytochrome P450
enzymes (P450)[25, 26] .

Domestic research on the aroma metabolism of Prunus mume began with the development of
characteristic plant resources under the guidance of the strategy of modernization of traditional
Chinese medicine. With the implementation of the Special Plan for Breeding Specialty Ornamental
Plants, Fei et al. revealed in 2010 that activation of the benzyl benzoate synthesis pathway and
inhibition of the benzyl alcohol synthesis pathway were the two main causes of the lack of floral
scent in Prunus apricot varieties through metabolism, enzyme activity, and transcriptomics analyses
[27] . Prof. Chen's research team revealed high-resolution cellular profiles of petals at different
stages of flowering and development of Prunus mume by single-cell RNA sequencing analysis in
2024, which pushed the metabolic mechanism of Prunus mume into the stage of temporal and
spatial dynamics analysis in China [28]. However, the existing results in China are mostly focused
on the analysis of metabolic pathways, but still lag behind the international advanced level in the
study of key enzymes post-translational modification, metabolite transmembrane transport and other
in-depth mechanisms, especially in the translation of the results, Chen Qingshuai led the research
team to obtain PmMYBI1 overexpression strain (aroma enhancement of 2.5-fold), but the lack of
field stability of the strain may be a certain constraint in the dissemination of this strain in the
follow-up of the industrial application of the strain. The lack of field stability may be a constraint in
the subsequent industrialization of this strain [29].
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Terpenoids and phenylpropanoids act as central components in the synthesis pathway of volatile
organic compounds (VOCs) that give Prunus mume their unique and complex aroma. Terpenoids
can account for 50% to 70% of the volatile constituents in Prunus mume, and the biosynthesis of
terpenoids relies on the mevalonate (MVA) pathway in the cytoplasm and the methylerythritol
phosphate (MEP) pathway in the plastid.

The key rate-limiting enzyme of the MVA pathway, HMGR (3-hydroxy-3-methylglutaryl
coenzyme A reductase), catalyzes the conversion of HMG-CoA to MVA, and the expression level of
this enzyme is significantly and positively correlated with the accumulation of sesquiterpenes[30] .
Thereafter, HMG-CoA was converted to isopentenyl pyrophosphate (IPP) and its isomer
dimethylallyl pyrophosphate (DMAPP) through a series of phosphorylation reactions, and formed
farnesyl pyrophosphate under the action of FPPS (farnesyl pyrophosphate synthase), and the above
findings laid the foundation for the direction of the biosynthesis research of sesquiterpenes[31] .
Subsequent findings in this part of the work have also illustrated that bZIP and WRKY transcription
factors may regulate their expression by binding to the HMGR promoter, and that jasmonic acid
(JA) has been shown to induce the activity of HMGR and thus promote the synthesis of
sesquiterpenes [20] .

The MEP pathway occurs mainly within the plastid, and the rate-limiting enzyme DXS (1-deoxy-
D-xylulose-5-phosphate synthase) may directly determine the synthesis flux of monoterpenes. In
Plumeria petals, expression of PmDXS was verified to be significantly higher than that in leaves and
positively correlated with linalool accumulation by three replicate biological validations [8,32] .
Further monoterpenes were efficiently synthesized under the catalytic action of GPPS
(geranylgeranyl pyrophosphate synthase) and TPS (terpene synthase). Light signaling and epigenetic
modifications (e.g. DNA demethylation) have also been shown to be important regulators of
PmDXS expression in Prunus[24, 29 , 33] .
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Figure 1: Metabolic engineering of terpenoid biosynthesis in plants [34]

Unlike terpenoids, phenylpropanoids are used as the main source of the sweet the aroma of
Prunus mume. The biosynthesis of phenylpropanoids has been elucidated: it starts with
phenylalanine and is catalyzed by phenylalanine ammonia lyase (PAL) to cinnamic acid, which is
then converted to phenylacetaldehyde in a series of enzymatic reactions to phenylethanol by
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phenylacetaldehyde reductase (PAR), thus becoming an important component of the aroma of
Prunus mume[35, 36] . In this biosynthetic pathway, PAAS (phenylacetaldehyde synthase) and PAR
are responsible for the intermediate conversion and final reduction, respectively. A team of
researchers has demonstrated that the expression level of PmPAL is positively correlated with
phenylethanol accumulation, and that PmMYBI, a MYB transcription factor, promotes the
expression of PAL and PAR genes by binding to their promoter regions to increase the

phenylethanol content of transgenic Prunus mume by 2.5-fold [21, 37, 38] . Environmental factors
also have an important effect on the synthesis process, and low temperature (4°C) as the main
trigger induced a 30%-50% increase in phenylethanol accumulation by PmPAL expression, a
phenomenon that affects the aromatic properties of Prunus mume and to a certain extent proves to be
associated with cold tolerance[39] . The spatial distribution of phenylpropanoid metabolism also
shows a clear subcellular division of labor, with the early steps taking place mainly in the cytoplasm,
including those catalyzed by phenylalanine ammonia-lyase (PAL), cinnamic acid 4-hydroxylase
(C4H), and 4-coumarate coenzyme A ligase (4CL), and the subsequent steps (e.g., PAR) in
peroxisomes, which together allow the cell to avoid toxicity caused by the intermediary products of
metabolism. Products[10] .

Icohol —s. 5H Conif
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1

Figure 2: Complex mechanisms controlling phenylpropane metabolite biosynthesis and
regulation of the phenylpropane pathway[10]

3.2. Cross-regulation of synthetic pathways

It 1s worth noting that the synthesis of terpenoids and phenylpropanoid compounds in Prunus mume
is not carried out in isolation, but through the sharing of precursors (e.g., acetyl-coenzyme A) as
well as regulatory factors, thus realizing a dynamic equilibrium. Under the carbon source
competition mechanism, the activity of the MEP pathway directly affects the supply of pyruvate in
the plastid, which in turn weakens the utilization of acetyl coenzyme A by the MVA pathway, which
influences the synthesis of sesquiterpenes [20 ]. Hormonal regulation, as another aspect, also plays
an important role in this process as well: jasmonic acid (JA) not only induces the expression of
PmDXS and promotes terpenoid synthesis but also activates PmMYBI to enhance the synthesis of
phenylpropanoid compounds. However, gibberellin (GA) exhibited the effect of inhibiting PAL
activity to suppress the synthesis of phenylpropanoids[29] . Overall, the metabolic pathways of
terpenoids and phenylpropanoids have a complex interplay, and this dynamic regulatory mechanism
enables a more sophisticated aroma formation program in Prunus mume, providing a new research
direction for future Prunus mume varietal improvement and aroma regulation.
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Existing future researchers should incorporate new research pathways and methods to further
clarify the mechanism of the biosynthetic pathway of Prunus mume floral metabolism, e.g.,
researchers can focus on the development of CRISPR-Cas12i, a novel metabolic pathway precision
editing technology, to realize the precise regulation of metabolic pathways[40] . Researchers can
also visualize the spatial distribution of metabolic processes by constructing 3D visual models of
petal metabolic microregions, a new research technique[41] . Finally, researchers can analyze the
ecological interaction network of aroma volatiles to reveal the role of aroma substances in the
ecosystem. These three discoveries can establish the research framework of "metabolic module-
regulatory node-environmental response”, which is expected to break through the technical
bottleneck in the directional regulation of the aroma of Prunus mume, and provide new ideas and
methods for the research and application in related fields.

In recent years, with the rapid development of genome sequencing technology, related genomics and
other histological studies have been widely used by researchers, and the key gene regulatory
networks of plant fragrance have been gradually analyzed by domestic and international researchers.
Currently, several key genes have been identified to regulate the aroma biosynthesis of Prunus
mume, including genes for aroma synthases, transcription factors, and transporter proteins. These
genes can affect the synthesis, transportation and release of the fragrance of Prunus mume through a
complex regulatory network. Specifically, the expansion of the PmBEAT gene family in Prunus
mume has been suggested to be a key factor in the formation of its distinctive floral scent. Fei et al.
showed that overexpression of the PmBEAT36 or PmBEAT37 genes increased the production of
benzyl acetate in the protoplasts of Prunus mume petals, thereby inducing the production of Prunus

mume's characteristic oolong aroma' [42] . Tengxun et al. found that Tengxun et al. found that the
PmCFAT1 gene is involved in the in vitro biosynthesis of eugenol in Prunus mume by promoting the
conversion of eugenol to eugenol catalyzed by eugenol synthase (EGS)[39] . The expression of
these genes is precisely regulated by a synergistic combination of transcription factors and hormonal
signals, which play a key role in the aroma of Prunus mume formation. On the other hand, recent
studies have revealed that PmBAHD3, PmBAHDS5 and PmEGSI1 are involved in the formation of
floral aroma volatiles through their expression in thin-walled and epidermal cells associated with
floral aroma synthesis in Prunus mume petals, where PmBAHDS (a direct homolog of PmBEAT36)
catalyzes the generation of benzyl acetate from benzyl alcohol, and PmBAHD3 may be involved in
the synthesis of benzyl acetate and eugenol synthesis [28] . Wang et al. By analogy with genes with
proven functions in Arabidopsis thaliana, the predicted three PmCAD genes, two 4CL genes, three
CCR genes, and two IGS genes contributed significantly to the synthesis of both benzyl acetate and
eugenol in Qingdao Prunus mume cultivars, and the downstream genes, on the other hand, included
PmBGLU 18-like, PmUGT71A16 and PmUGT73C6 are collectively involved in the matrix binding
of the aroma of Prunus mume substances as well as the regulation of volatile state[43] .

Transcription factors also play important roles in the regulation of floral scent of Prunus mume. a
research team of Wang et al. compared and analyzed the transcriptomes of different Prunus mume
varieties at different flowering stages and found that PmPAL and PmMYB4 TF may play prominent
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roles in regulating the accumulation of key precursor substrates (trans-cinnamic acid and p-coumaric
acid derivatives) for the main aroma compounds of Prunus mume, possibly by modulating the
expression of key genes in the mangiferic acid metabolic pathway. play prominent roles. Among
them, PmMYB4 transcription factor was significantly up-regulated in Prunus and associated with
phenolic compound metabolism and phenylpropanoid biosynthesis[43] , while PmPAL, the first and
key enzyme in phenylpropanoid metabolism sequence, not only plays a role in the regulation of
Prunus mume flower aroma by increasing the accumulation of phenylethanol, but also is associated
with the regulation of Prunus mume cold tolerance[6] . The discovery of these transcription factors
provides important clues to reveal the molecular regulatory mechanism of Prunus mume fragrance
formation. International research is still focused on the basic discovery stage, and although the
number of research results has been on the rise in recent years, the depth of research needs to be
further expanded.

In addition to the synthesis of aromatic components, their intracellular transport is also a key
component of floral fragrance release. Studies have shown that PmABCGY9, an ABCG family
protein that specifically transports benzyl alcohol, exists in Prunus mume[44]PmABCGY has been
predicted to have a typical NBD-TMD structural domain, belongs to the WBC type of the ABCG
subfamily, and encodes an ATP-type binding cassette (ABC) transporter protein[45] . Meanwhile,
subcellular localization results showed that PmABCGY9 was expressed on the cell membrane,
suggesting that it could efficiently transport aromatic components, such as benzyl alcohol, to the
extracellular compartments in order to increase the volatilization of aromatic components[44] .
Hormone signaling, consistent with the above, also plays an important regulatory role in the
synthesis and transport of aromatic components in Prunus mume. Methyl jasmonate (MeJA), an
important phytohormone, significantly affects the synthesis and volatilization of aromatic
components such as benzyl alcohol in Prunus mume, and MeJA promotes the synthesis of benzyl
alcohol through the activation of genes such as PmABCGY and accelerates the transmembrane
transport of aromatic components by regulating the activity of transporter proteins such as ABC. In
line with the above, gibberellins (GA) exhibit an inhibitory effect on the activity of PmPAL and

inhibit the synthesis of phenylpropanoid compounds6 . Phytohormones such as growth hormone and
ethylene may also indirectly regulate the synthesis and transport of aromatic components by
affecting cellular metabolism and gene expression.

Comprehensive domestic and international research progress on the aroma components of Prunus
mume and its regulatory mechanism, domestic scholars have achieved remarkable results in the
fields of chemical composition, metabolic pathway analysis and key gene function verification of
the aroma components of Prunus mume. Focusing on the synergistic effect of phenylpropanoid and
terpene metabolic pathways, the study systematically revealed the expression pattern of key genes,
such as PmPAL and PmDXS, and their interactions with environmental factors (e.g., low
temperatures) through metabolomics and transcriptomics technologies. The domestic team
innovatively discovered that PmMYB4 transcription factor can activate the phenylpropanoid
metabolic pathway to increase phenylethanol content by 2.5 times, which provides an important
target for molecular breeding. Meanwhile, the research focuses on application-oriented, developed
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new technologies such as single-cell metabolomics, and promoted the translation of theoretical
research to the field. However, there are still shortcomings in the analysis of metabolite
transmembrane transport, post-translational modification of key enzymes, and the field stability of
metabolically engineered strains (<60%) needs to be improved.

Overseas studies focused on the construction of basic theories of plant aroma metabolism and
made breakthroughs in the areas of the carbon source competition mechanism of the MEP/MVA
pathway, hormone signaling network (such as the antagonistic regulation of JA-GA) and epigenetic
modification. The scholars quantified the inhibitory effect of MEP pathway activity on sesquiterpene
synthesis (23%) by metabolic flux analysis and constructed a dynamic metabolic model including
light-temperature responsive components. It is worth noting that international research still focuses
on model plants (e.g., Arabidopsis thaliana and tobacco), and the research on specific subclasses of
Prunus species is not in-depth and lacks specific applications.

Current research shows a clear trend of cross-disciplinary but still needs to be deepened in the
following aspects: existing articles in the epigenetic modification of TPS isomer selectivity has not
been elucidated in the regulatory mechanism of the depth of the mechanism of research has limited
the understanding of the spatio-temporal specificity of the formation of the aroma. Part of the
research relies on in vitro enzyme activity detection, and the lack of in vivo metabolic imaging
technology makes it difficult to capture the real metabolic process in vivo, and most of the research
focuses on the enhancement of the ornamental value, and there is insufficient exploration of
ecological interactions, medicinal components development and other extended areas. Future
research should focus on building a research framework of "metabolic module-regulatory node-
environmental response": technological innovation needs to focus on the development of CRISPR-
Casl2i-mediated metabolic pathway editing technology, combined with the petal metabolism

microcellular 3D visualization model, to achieve dynamic analysis of aroma synthesis process (40,

41)- The authors of this paper still recommend that scholars should take a look at the current stage.
The authors of this paper still suggest that scholars should focus on the screening of storage and
transportation tolerance gene modules through the integrated multi-omics analysis, so as to cultivate
new varieties with both aroma stability and environmental adaptability at this stage.

By systematically analyzing the molecular basis of the aroma metabolism of Prunus mume, this
study provides a new strategy for the improvement of the quality of traditional flowers, as well as a
theoretical reference for the transformation of the secondary metabolism of plants towards the
construction of multilevel regulatory networks. This paper suggests that scholars can explore the
synergistic effects of signaling pathways such as jasmonic acid and epigenetic modifications in the
subsequent mechanistic studies by strengthening cross-species comparative analyses to explore the
unique trait formation mechanism of the aroma metabolism of Prunus mume, to develop a new
pathway for the study of the directional control of the aroma of Prunus mume.
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