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Abstract: Oleosins as structural proteins play a crucial role in stabilization the oil-
bodies, their size, number, and content. Here, exon/intron structure, conserved motifs/
domains, and expression patterns of Oleosin gene family were identified in diploid crop
Juglans regia L. This study found seven non-repetitive [rOleosin genes through a
genome-wide analysis, displaying remarkable structural and physicochemical
differences. Our phylogenetic analysis of the 46 oleosin genes revealed that how these
genes are related, highlighting that they share conservations while also having unique
divergences across different species. The [rOleosin intronless genes (IGs) might be
examples of how evolution adapts to enhance the accuracy and effectiveness of gene
expression. Transcriptome analysis showed that the JrOleosin genes were spatially and
temporarily regulated with the highest transcript found in seeds and fruits. This
suggests they are vital for storing lipids during these developmental stages. These
results help us to better understand the features of the JrOleosins gene family, especially
their structure and expression. Future research should concentrate on revealing how
oleosin expression is controlled and how these proteins interact with others linked to
lipid synthesis during seed development.
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Introduction

Walnut (Juglans regia L.), native to central Asia, is an
old fruit tree prized economically for its output of
edible seeds, vegetable oil, and industrial lumber.
(Hao et al., 2024). Walnut oil seeds are rich in
essential unsaturated fatty acids, including linoleic
and linolenic acids, and their nutritional importance
has been highlighted in the context of dried fruit
(Goodarzi et al., 2023). In the majority of cultivars,
walnut kernels comprise approximately 60% oil.
After China and the United States, Iran ranks third
in production and second in cultivated area for
these trees. Consequently, Iran accounts for 7.1% of
global walnut production (FAO, 2022). Studies
indicate that wild populations of persian walnuts
are present in the Hyrcanian woodlands of northern
Iran (Shamlu et al., 2018). Given the significant
genetic diversity of Persian walnuts in Iran, the core
of walnut origin, breeding operations in this nation
concentrate on harnessing this genetic variation. For
a long time, researchers have focused on fruit
characteristics like early fruit maturity, size, color,
and percentage of walnut kernel oil in breeding
programs, with an eye toward improving the
product’s quality and quantity. However, there is a
lack of data on the molecular level regarding the
metabolism of oil seeds and the storage processes of
fatty acids.

Lipids serve as carbon stores and energy providers
for plants. Seed lipids are primarily triacylglycerols,
which are the primary reserves found in seeds and
oil bodies (Yang and Benning, 2018). Abundant in
both prokaryotic and eukaryotic cells, oil bodies —
also called oleosomes—are specialized organelles
that store energy in the form of neutral lipids. Oil
bodies’ architecture consists in an oil core and a
hydrophobic  exterior
phospholipid monolayer membrane and membrane
proteins, forming spherical vesicles with an
approximate 0.5-2 micrometer (um) diameter (Khor
et al, 2013; Jackson, 2019). These entities are
synthesized in the endoplasmic reticulum during
the Initial phases of seed development and then
transported to the cytoplasm via the germination
process (Huang, 1996). Besides seeds, they are
found in several sections of higher plants, including
pollen, tapetum, leaves, fruits, and roots (Yuan et
al., 2021).

surrounded by a
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Plant naturally occurring protective mechanism
against lipid oxidation and severe stress
circumstances is their oily bodies, which show
capacity to maintain lipid stability. Along with the
stability of membrane proteins and various
metabolic activities, oil body shape and dimensions
change constantly during seed development
(Huang and Huang, 2017; Pyc et al., 2021). The size
of oil bodies can fluctuate over the phase of seed
development. Because of their surfactant qualities,
these chemicals are environmentally beneficial and
renewable. They are employed in the food,
pharmaceutical, and cosmetic sectors. Recent
studies demonstrate that the overexpression of
some genes associated with oleosin can modulate
the dimensions of oil bodies, suggesting that seed
size and weight significantly influence seed oil
accumulation (Chen et al., 2019). Reports indicate a
negative link between the size of oily substances
and the quantity of oil (Siloto et al., 2006).

Oleosin, caleosin, and streosin are the most well-
known plant oil body proteins, and they all play key
roles in the size, number, and stability of oil bodies,
as well as lipid accumulation (Nogales-Bueno et al.,
2021; Kim and Hyun, 2024). Oleosin comprises 80-
90% of structural proteins among these proteins
(Siloto et al., 2006; Dong et al., 2024). Relatively tiny
with a molecular weight of 15-26 kilodaltons, this
protein has three distinct regions and alkaline
features (Tzen et al., 1997). The middle part is
hydrophobic and has 72 residues. The amino
terminal parts are hydrophilic and have 50 to 70
residues. The dipolar carboxyl has a length that can
vary. The highly conserved non-polar middle
region with beta structures in two reverse directions
penetrates the lipid membrane and forms a hairpin
structure to stabilize oil bodies (Roux et al., 2004;
Wau et al., 2010). Two arms of this hairpin shape are
protected by a proline ring containing three proline
and one serine residue. Despite their dipolar alpha-
helical configurations, the carboxyl and amino
portions are less conserved than the hairpin area.
They can bind to metabolic enzymes and regulatory
proteins on the phospholipid surface and in the
cytoplasm (Huang and Huang, 2017). The negative
charge of these places causes steric hindrance and
electrostatic repulsion, preventing the integration of
stored lipids, particularly during seed drying, and
thereby facilitating the movement of oil bodies
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during germination (Leprince et al., 1997; Baud and
Lepiniec, 2010).

Research on the oleosin gene sequence began with
maize and has now expanded to other plants
including sunflower, rapeseed, sesame, rice, and
soybean (Vance and Huang, 1987; Keddie et al,,
1992; Chen et al., 1997; Sarmiento et al., 1997; Wu et
al., 1998; Alexander et al., 2002). The majority of the
17 oleosin genes found in the Arabidopsis thaliana
genome are expressed in the seeds, according to
previous studies (Siloto et al., 2006). Oleosin mutant
seeds are more sensitive to freezing, implying that
oleosins help plants survive in cold stress condition.
(Shimada et al., 2008). Fatty acid chains undergo a
conformational transition from their disordered to
their regular form at low temperatures, leading to
the dispersion of massive, unstable oil bodies in the
cytoplasm. In this case, the fluidity, physiology, and
thickness of the lipid membrane are significantly
reduced. Because it interferes with the plant's
physiological processes, this can severely limit its
growth and development potential (Parthibane et
al., 2012).

The diploid walnut seed (2n=2x=32) contains
around 108 genes that are involved in lipid
biosynthesis. Among these genes are 33 genes that
are engaged in triacylglycerol biosynthesis, seven
genes that are involved in oil bodies, and eight
genes that are transcription factors (Yan et al., 2021).
The function of oleosins in walnut oil seeds remains
ambiguous. Thus, the present study utilized
bioinformatics approaches to clarify the JrOleosin
gene structure, protein domains, chromosomal
distribution, expression patterns, and evolutionary
relationships of oleosin with other plant species.

Materials and Methods

Identification of the JrOleosin gene family
members

The protein sequences of the Oleosin gene family
members from Arabidopsis thaliana were initially
identified and downloaded from the TAIR
(http://www.arabidopsis.org/) database. Genomic
sequences of A. thaliana (TAIR10.1), Juglans regia
(Walnut 2.0), Elaeis guineensis (African oil palm) and
Olea europaea (Olive) were downloaded from public
databases NCBI (https://www.ncbi.nlm.nih.gov/)
and Phytozome (phytozome.jgi.doe.gov). To
identify oleosin homologs, the oleosin domain
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profile (PF01277) was used for HMMER (v3.3,
http://hmmer.org/) searches (E-value < 1E-5).
Finally, the coding sequence (CDS), protein, and
genomic sequences of [rOleosin family were
identified. The presence of the conserved oleosin
domain in deduced peptides was confirmed using
InterProScan(https://www .ebi.ac.uk/interpro/searc
h/sequence-search) (Jones et al, 2014), Pfam
(http://pfam.xfam.org/) (Finn et al, 2016) and
SMART (http://smart.embl-heidelberg.de/) (Letunic
et al., 2015) protein database.

Physiochemical analysis of JrOleosin proteins

The subcellular localization of JrOleosin proteins
was predicted using the WoLF PSORT algorithm
(https://wolfpsort.hgc.jp/) (Horton et al., 2007). The
sequences of JrOleosin were analyzed with ExPASy
ProtParam (http://www.expasy.org/tools/
protparam.html) to obtain the number of amino
acids, theoretical isoelectric point (pI), molecular
weight, GRAVY, instability index, and aliphatic
index.

Exonlintron structures and motif organization

The JrOleosin gene’ exon/intron structures were
visualized via Gene Structure Display Server 2.0
(http://gsds.cbi.pku.edu.cn) (Hu et al.,, 2015). The
following parameters were used to find the
conserved protein motifs of all JrOleosin using the
MEME program
suite.org/tools/meme/): Ten is the maximum
number of motifs, and the lengths of the motifs
range from six to fifty amino acid residues (Bailey et
al., 2009).

(http://meme-

Phylogenetic tree construction

Oleosin protein sequences in walnut, Arabidobsis,
olive and oil palm were obtained from Phytozome
database (Goodstein et al., 2012). Multiple sequence
alignment of oleosin proteins in J. regia,
Arabidopsis, olive and oil palm were performed
using MUSCLE and finally the maximum likelihood
(ML) phylogenetic tree were constructed using
MEGA 11 (Tamura et al., 2013).

Expression profiling of JrOleosin genes based on
RNA-seq data

To examine the function and expression of the
JrOLE gene family, 210 RNA-seq samples from 13
projects were gathered from publicly accessible
RNA-seq data associated with J. regia.
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Transcriptome datasets were selected from various
treatments or genetic backgrounds, their accession
number were listed as follow: PRJNA232394,

PRJNA235890, PRJNA237044, PRJNA609369,
PRINA622910, PRJNA642991, PRJNA643637,
PRINA673559, PRJNA688391, PRINA734671,
PRINA776681, PRJNA794344, PRJNAS06342,

PRJNA862472. TPM (transcripts per million) had
been utilized to measure transcript expression
levels.

Results

JrOleosin gene family identification

Seven Oleosin non-repetitive genes were detected in
J. regia genome based on Oleosin specific domain
with the Pfam number of PF01277 (Table 1). Twelve,
nine, and eighteen Oleosin genes were found in the
genomes of Arabidopsis, African oil palm, and
olive, respectively, by a hidden Markov model
(HMM) tools based on the Oleosin domain (Pfam
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accession number PF01277). The comparative
genomics analysis revealed the existence of varied
numbers of Oleosin genes among various species,
therefore  offering understanding of the
evolutionary  divergences and  functional
conservation of these genes in respect to lipid
storage and metabolism. In a previous report, 17
genes belonging to the Oleosin family were
identified in the Arabidopsis (Siloto et al., 2006;
Yuan et al., 2021). In the current investigation, one
new AtOleosin gene within arabidopsis genome was
identified (18 loci, 28 isoforms), which was made
possible due to the well-annotated genome of A.
thaliana (Araportll) and the high-quality genome
sequencing data available. The Oleosin genes were
named based on their positions on phylogenetic
tree, and by using genus and species abbreviations
for clarity. This systematic nomencalture may
support upcoming research into gene functions
across plant species (Table 1, Figure 1).

Table 1. Physiochemical properties of the Oleosin genes in Juglans regia.

Gene mRNA Homolog to MW
Gene ID . . PL pl GRAVY II Al

name RefSeqs ID Arabidopsis genes (kDa)
JrOleosin01 ~ LOC108998787  XM_018975486.2  AT4G25140.1 140  14.838  9.65 0.316 4625 103.86
JrOleosin02 ~ LOC108983309  XM_019000720.2 AT4G25140.1 AtOleosin02 139 14.691 10.14 0.308 36.55 105.97
JrOleosin03 ~ LOC109009462  XM_018989925.2 AT4G25140.1 147  15.606 9.56 0.42 29.42  108.84
JrOleosin04 LOC109010520  XM_018991380.2  AT5G51210.1  AtOleosin01 156 16.776  9.03 0.435 39.78  98.27
JrOleosin05 LOC109007243  XM_018986840.2  AT3G01570.1 154 16278  10.1 0.230 5253 112.14
JrOleosin06 ~ LOC108982740  XM_018954195.2 AT3G01570.1 AtOleosin05 155 15.896 9.65 0.290 3156  95.23
JrOleosin07 ~ LOC109003841  XM_018982154.2 AT3G01570.1 159 16.620 9.91 0.181 3465 95.16

A.C.: Accession number; PL: Protein length (aa); MW: Molecular weight; pl: Isoelectric point; II: Instability index; Al: Aliphatic

index.
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Figure 1. Phylogenetic analysis of Oleosin in J. regia.

Journal of Plant Molecular Breeding | www.jpmb-gabit.ir


http://www.jpmb-gabit.ir/
https://www.frontiersin.org/journals/plant-science#articles

154

Hashemipetroudi & Ahmadi

Physiochemical properties of JrOleosin

Our analysis on the JrOleosin gene family showed
significant differences in the biochemical properties
of gene family members, which are listed in Table 1,
and include the following critical parameters:
molecular weight, theoretical isoelectric point (pI),
aliphatic index, instability index, and grand average
of hydropathicity (GRAVY). Each gene product was
assessed for critical parameters, including amino
acid (aa) length, molecular weight, theoretical
isoelectric point (pl), instability index, aliphatic
index, and grand average of hydropathicity
(GRAVY). The average length of the JrOleosin
proteins ranged from 139aa (JrOleosin02) to 159aa
(JrOleosin07), with an average of roughly 151aa.
The pl values also ranged from 9.03 (JrOleosin04) to
10.14 (JrOleosin02). rOleosin07 having the highest
molecular weight of 16.62 kDa and the lowest
JrOleosin02 having the lowest at 14.691 kDa indicate
a varied functional capacity within the gene family,
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which may influence their molecular function and
biological processes.

The increased pl values are likely connected with
JrOleosins' specific features and functions, which
impact their capacity to interact with other
biomolecules and their overall performance. The
instability indices ran from 29.42 (JrOleosin03) to
52.53 (JunrOleosin05). The higher instability index
of the latter implies it could be less stable and more
prone to degradation, which would affect its
physiological functions under stress conditions.
From 95.16 (JrOleosin07) to 112.14 (JrOleosin05), the
aliphatic index—which shows protein stability at
high temperatures— were ranged. Higher values
show thermal stability and capacity for operation at
several temperatures. Essential for their interaction
with water-soluble components inside plant cells,
the GRAVY values for these proteins ranged from
0.181 (JrOleosin07) to 0.435 (JrOleosin04), indicating
a generally hydrophilic character for them (Table 1).

Chro9g

——JrOfeosin03:

0
-
e
£
< (&} ©
N T T
= & =
& (8} Q
8}

Chr10
Chr11
Chri3
|

——JrOfeosin01 - —

Figure 2. The chromosomal distribution of the Oleosin gene family in Juglans regia. The left side of each chromosome displays
the chromosome numbers and their respective approximate sizes.
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Phylogenetic analysis of JrOleosin

Figure 1 depicts the phylogenetic tree that
elucidates the evolutionary relationships among the
Oleosin gene family members in ]. regia. The
analysis employed bootstrap values to evaluate the
confidence of the branching patterns, with circles
indicating the level of support for each node. The

Jroleosindt

Jroleosind

Jroleosin

Jroleosind

Jroleosind

Jroleosind

Jroleosind
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bootstrap values span from 0.83 to 1.0, showing a
significant level of confidence in the evolutionary
relationships among the JrOleosin genes. The larger
circles (bootstrap values of 0.96 and 1.0) indicate
strong support for the clades established by
JrOleosin genes, hence enhancing the credibility of
the inferred evolutionary relationships.

- Oleosin superfamily
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Figure 3. Conserved structural domains (a) distribution of identified motifs (b), and motif logo sequences in the JrOleosin
family. In the above forms, motifs and domains were shown with different color boxes. Scale indicates amino acid length.
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The JrOleosin genes are categorized into distinct
groups, with JrOleosin01, JrOleosin02, and
JrOleosin03 forming a closely related cluster.
JrOleosin04, exhibiting unique characteristics, is
also included in this cluster, suggesting potential
shared functional roles or similar evolutionary
pressures. In contrast, JrOleosin05, JrOleosin06, and
JrOleosin07 appear more distantly related,
indicating possible divergence in function or
adaptation. The phylogenetic relationships
illustrated in the tree offer insights into the
evolutionary background of the JrOleosin gene
family. The close clustering of certain JrOleosins
may indicate conserved functions associated with
lipid metabolism and stress responses, which are
essential for the survival of |. regia in diverse
environmental conditions.

Chromosomal distribution of JrOleosin gene

The results of the distribution pattern of JrOleosin
genes on 16 chromosomes showed that seven were
located on six chromosomes (Chr 01, 02, 06, 08, 10
and 11). The highest numbers of genes on Chrll
were JrOleosin01 and JrOleosin03 genes. Other
chromosomes (Ch 01, 02 , 06, 08 and 10) had one
JrOleosin gene. Therefore, Chr01 had JrOleosin05
gene, Chr02 had JrOleosin07 gene, Chr06 had
JrOleosin04 gene, Chr08 had JrOleosin gene, and
Chr10 had JrOleosin06 gene. In addition, most of the
JrOleosin genes are distributed near the end of each
chromosome (Figure 2).

JrOleosin domain and motif organization
Seven different JrOleosin proteins were identified
through the investigation of the Oleosin

JrOleosinO1 -
JroleosinO2 _
JrOleosinOS-
JrOoleosinO4 _
JrOIeosinOS_
JrOleosinOS-
JrOIeosinO?_

s, :
o 200 400
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superfamily, and each one showed a notable degree
of alignment with the Oleosin superfamily domain
(Figure 3). For every protein, the data is
summarized in Table 1. While the others genes had
bigger domain sizes of 113 to 114 amino acids,
JrOleosin01 had the shortest domain size of 87
amino acids, hence the lengths of the protein
domains varied. Different activities or genetic
modifications occurring in the JrOleosin proteins
could be the reason of this variation in domain size.
Several Oleosin superfamily members have
constant domain sizes, suggesting a conserved
structural characteristic that may be essential for
lipid storage and oil body stabilization.

Motifs 1, 2, 3, and 4 were found in all seven
JrOleosin proteins out of a total of ten, while several
of them shared some motifs. For example, JrOleosin
06 and 07 had motifs 5 and 7, JrOleosin 03 and 05
had motifs 6, JrOleosin 07 and 08 had motifs 8,
JrOleosin 01 and 02 had motifs 9, and JrOleosin 04
and 07 had motifs 10. Also, the highest number of
motifs (eight numbers) belonged to JrOlesin07
protein, and the width of 6 and 50 residues for each
conserved motif (Figure 3).

JrOleosin exon/intron structure

The study indicates that the Oleosin gene family
possesses comparable coding sequences (CDS) and
untranslated region (UTRs) patterns, implying
structural conservation, functional similarity, and
regulatory functions, while also featuring a distinct
UTR region (Figure 4).

B VTR
cos

I I
600 800 1000

Figure 4. Analysis of JrOleosin gene family structures. The green and yellow boxes denote the JrOleosin UTR regions and CDS,

respectively.
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Figure 5. Phylogenetic tree of the Oleosin family based on an alignment of the proteins found in Arabidopsis thaliana, Olea
europaea, Elaeis guineensis and Juglans regia. Different Oleosin groups are presented by different-colored.

Furthermore, all these genes demonstrate tissue-
specific expression in seed tissue, underscoring
their specialized roles in lipid metabolism during
seed development. The analysis of the JrOleosin
gene architecture also indicates the lack of introns in
the examined genes.

Phylogenetic relationships of Oleosin gene family

The phylogenetic analysis of the Oleosin subfamily
highlights the evolutionary dynamics within the oil
body genes. The high bootstrapping score for the
observed clades suggests that these relationships
are well-established. Understanding evolutionary

relationships, especially identification AtOLE
ortholog in |. regia, will enhance our understanding
of JrOleosins’ roles in plant biology and their
potential applications in stress tolerance. To analyze
the evolutionary relationships of [rOleosin gene
family members, 18 A. thaliana, 12 O. europaea, 9 E.
guineensis oleosin proteins and 7 |. regia oleosin
proteins were used to construct a phylogenetic tree.
So JrOleosin proteins were divided into three main
groups. The number of JrOleosins in groups I and
III were 2 and 5, respectively. Moreover, the group
II contained no JrOleosins mamber. Group III
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Figure 6. Meta-analysis of the Oleosin 's expression pattern in nine distinct tissues of Juglans regia. The box-plot illustrates the
relative expression levels of the [rOleosin genes across tissues, including roots, stems, leaves, flowers, seeds, and other organs
in TPM (transcripts per million) format. This analysis highlights tissue-specific expression patterns of JrOleosin genes in the

sues of seeds and fruits.
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encompass the largest number of JrOleosin genes
family mambers (Figure 5). In addition, by
comparing the distribution of oleosin proteins in
different groups and species, it can be found that the
distribution of oleosin proteins in various groups
was similar, indicating that their functions may be
similar and strongly conserved during evolution.

Expression profiles of JrOleosin

As presented in Figure6, the transcript levels of
JrOleosin gene family mamber in different walnut
organs including fruit, flower, callus, leaf, bud,
stem, root, shoot and seed were different, and the
highest level of gene expression found in seed and
fruit organs (Yang et al., 2024). The lowest and
highest levels of gene expression (TPM) were
observed in JrOleosin01 and JrOleosin02 genes,
respectively. Transcriptome analyses indicate that
the JrOleosin genes were expressed spatially and
temporally during seed and fruit development.

Discussion

Oleosins are well-known to play a role in lipid
metabolism and oil body stabilization, both of
which are necessary for seed germination and
development (Shao et al., 2019). Oleosins are the
most abundant protein constituents that play
essential roles in the formation and stabilization of
lipid droplets in seeds of oil crops (Zhi et al., 2017;
Kim and Hyun, 2024). According to Huang and
Huang (2017)Huang and Huang (2017)Huang and
Huang (2017)Huang and Huang (2017)Huang and
Huang (2017), the oleosin gene is primarily found in
higher plants and green algae. Oleosins in plants
can be classified into six types: primary, general,
tapetum, mesocarp, and seed, with low and high
molecular weights (Huang and Huang, 2015). Nine
forms of this protein were found in tapetum
branches, three in general branches, two in seeds
with low molecular weight, and three in seeds with
high molecular weight, according to research on
Arabidopsis (Chen et al, 2019). The identified
characteristics of JrOleosins convey significant
insights into their potential biological functions.
Due to their differing molecular weights and
stability indices, these proteins may serve unique
functions in lipid metabolism, seed development, or
stress response pathways in J. regia. The preference
for higher aliphatic indices and GRAVY values may
indicate a specific function in preserving cellular
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integrity and regulating osmotic balance under
environmental stresses (Hashemipetroudi et al.,
2023; Mohammadi et al., 2023). Members of the
JrOleosin family have comparable physicochemical
characteristics to those reported in prior research,
including low molecular weight, alkaline isoelectric
point, and a positive GRAVY value (Zou et al., 2022;
Zou et al., 2024).

The diverse biochemical properties of the Oleosin
gene family underline their potential functional
diversification within . regia. The findings show
that, while domain sizes vary, a significant
proportion of JrOleosin proteins have similar
lengths, emphasizing their possible functional
commonalities within the Oleosin subfamily.
Further research into these protein activities may
reveal their significance in plant lipid metabolism
and storage. Future functional studies, along with
expression analyses under diverse environmental
conditions, are crucial for clarifying their specific
roles in plant stress genomics. Grasping the distinct
characteristics of each JrOleosin can improve our
understanding of their function in the overall
adaptability of J. regia. The distribution of UTRs and
CDS among the [rOleosin genes reveals
heterogeneity in gene structure, potentially
indicating variances in regulatory mechanisms and
functional roles. Genes with 5 and 3’-UTR may
have regulatory functions that influence translation
efficiency, mRNA localization, and stability
(Heidari et al, 2023). Additional functional
investigations are necessary to clarify the specific
roles of these UTRs and coding areas in the overall
functionality of JrOleosin proteins in plant biology.
The examining of the [rOleosin gene architecture
reveals the absence of introns in the analyzed genes.
A fascinating group of genes that are also present in
eukaryotes are intronless genes (IGs), which are a
common feature of prokaryotes (Chen et al., 2023).
The absence of introns can be ascribed to multiple
factors: gene structure, evolutionary adaptation,
functional consequences, and genomic context
(Avifa-Padilla et al., 2021). The lack of intron of
JrOleosin gene family may suggest evolutionary
adaptations that promote gene expression
efficiency. Some reports believe that amount of
introns provide advantages to plant genomes, such
as regulating gene expression and enhancing
protein diversity (Xiao et al., 2022). New funding on
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the Poaceae genome comparison also revealed that
IGs were expressed at low levels (Chen et al., 2023).
However, IGs that do not undergo splicing have a
more degree of transcriptional fidelity, which
increases their imapct in regulatory roles (Avifia-
Padilla et al., 2021). IGs, likely due to selective
forces, may exhibit lower post-transcriptional gene
expression variability and prefer simpler gene
architectures for specific functions (Avifia-Padilla et
al., 2022).

The results show that the oleosin proteins in walnut
were divided into three groups with a total of 46
members, which were similar to those in olive and
oil palm and much higher than in Arabidopsis.
Phylogenetic analysis indicates that JrOleosin01,
JrOleosin02, JrOleosin03, and JrOleosin04 are oil
body proteins that control oil body dynamics;
JrOleosin05, JrOleosin06, and JrOleosin07 are
proteins that delay germination and affect the seeds'
ability to withstand freezing. Therefore, the
expansion and diversification of the oleosin gene
family may be closely related to the evolutionary
process of plants from lower to higher (Shao et al.,
2019).

In this study, all seven JrOleosin genes show a strong
seed-specific expression pattern. Fruits show the
second-highest expression, though considerably
lower than seeds. Other tissues have negligible
expression. The up-regulation of JrOleosin genes
during seed maturation was reported in Camelina
sativa (Abdullah et al., 2016), soybean (Yang et al.,
2019), Paeonia section (Li et al., 2015), Perilla frutescens
(Zhang et al., 2021), and Prunus pedunculata (Bao et
al., 2021) showing specific expression patterns in oil-
rich tissue. In Cyperus esculentus, the expression
levels of different oleosin genes had low or high
expression across different developing stages (Dong
et al., 2024). The expression profile of CpOLE genes
was detected in at least twelve of the studied tissues,
though gene abundances are highly diverse. Total
transcripts of the whole gene family were most
abundant in shoot tissue (Zou et al., 2024). Analysis
of Arabidopsis oleosin homolog proteins indicated
that OLE1 and OLE4 negatively regulated oil body
size, whereas OLE2 positively influenced oil body
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size (Miquel et al, 2014). These comparisons
highlight the evolutionary conservation of oleosin
gene functions while also pointing to species-
specific adaptations.

Conclusion

The results elucidate the structural properties of the
JrOleosin genes, establishing a foundation for
subsequent inquiries into their biological functions
and regulatory mechanisms. The lack of introns in
the JrOleosin genes underscores their potential for
efficient expression and functional specialization,
which may be essential for their involvement in
plant lipid metabolism. The evolutionary and
functional effects of this intronless gene structure
could be studied. These JrOleosin proteins'
expression patterns under different environmental
circumstances and interactions with other lipid-
associated proteins could be studied in the future.
These dynamics may reveal oil body formation and
stability mechanisms, advancing agricultural
biotechnology and crop development.
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