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Abstract In higher plants, YABBY transcription factors are critical for the development of lateral organs, polarity 

determination, and the response to environmental stress. Although the olive tree, Olea europaea L., is a valuable crop 

species in terms of ecology and economics, the YABBY gene family has received little attention. The current work 

discovered five unique OeuYAB genes from the five known subfamilies of the YABBY gene family: FIL/YAB3, YAB2, 

YAB5, CRC, and INO. Chromosomal mapping revealed that the distribution of these genes is not consistent throughout 

five genomic areas, denoted as SC_2771, SC_528, C_9, C_3, and C_1. Oeu055459.1 is placed at the distal end of 

C_1, while Oeu033104.1 and Oeu048822.1 are found in the higher sections of SC_2771 and SC_528, respectively. 

The clustering of Oeu055459.1, Oeu055459.2, and Oeu055459.3 in genomic regions C_9 and C_3 indicates the 

presence of genomic hotspots that could have resulted from the original gene's duplication. The physicochemical 

characterization of the genes revealed that OeuYAB proteins are compact (170-211 amino acids), hydrophilic, and 

unstable. The structural and motif analysis revealed that the genes contain the N-terminal C2C2 Zinc Finger and C-

terminal YABBY domains. The Ka/Ks ratio is less than one, indicating strong purifying selection pressure on these 

genes. Furthermore, the presence of a complex regulatory system in the genes' promoters revealed that they are high 

in light responsiveness, phytohormones, and abiotic stress adaptation. To investigate post-transcriptional regulation, 

a miRNA target analysis revealed a specialized mode of regulation in which the OeuYAB1 and OeuYAB4 genes are 

regulated by two distinct miRNA clusters, Oeu-miRN1154 and Oeu-miRN2138, for translational inhibition and 

transcript cleavage, respectively. The OeuYAB genes were profiled using RNA-seq expression profiling in six 

anatomical tissues, revealing a high level of functional divergence; for example, OeuYAB3 of the CRC subfamily was 

found to have the highest expression level (1081.066 RPKM) in the fruit tissue, establishing its role as a key candidate 

for olive drupe development. 
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1. Introduction 

Olive (Olea europaea L.) is an economically 

valuable, perennially cultivated tree crop that is 

predominantly symbolic of peace, health, and 

longevity in the Mediterranean, where it has been 

highly valued for its dense compactness of 

unsaturated fatty acids and antioxidant phenolics in 

the form of oil and fruit (Elhrech et al., 2024). Olive 

production has come to characterize non-traditional 

areas in the last two years: Pakistan, for instance, has 

initiated large-scale olive cultivation (more than 5.6 

million trees until 2024) with the support of foreign 

funds, with a vision to promote rural economies and 

sustainability. These trends highlight olive's socio-

economic position and the necessity to alter its 

cultivation on new terms. Climate change presents 

new threats to olive cultivation. Olive trees were used 

to warm and humid winters and hot and dry summers, 

but increased global warming and changed 

precipitation patterns were bringing these to an end. It 

is projected that, by the late 21st century, 

Mediterranean winters would warm by 1.7–2.5 °C 

under moderate warming (RCP4.5) and 3.5–5 °C 

under high emissions (RCP8.5)(Fraga et al., 2020). 

Milder winters diminish the accumulation of chilling 

hours required by olive flowers to break dormancy, 

and shortages of chilling have been shown directly by 

research to correlate with decreases in flowering and 

fruiting (Malik et al., 2005). Likewise, hotter, drier 

summers enhance water and heat stress for olive, 

threatening physiological damage to the crop and 

disruption of flowering. Usually, climatic stresses 

would inhibit olive's regular flowering and production 

unless measures are taken (Zucchini, 2024). This 
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gives a fillip to research into olive's flowering and 

stress tolerance genealogy. Molecularly, the YABBY 

class of transcription factors was identified as an 

essential controller of plant organ development and 

environmental adaptation (Benny, 2021). Dicot-

specific transcription factors YABBY proteins 

possess both an N-terminal C2C2 zinc-finger 

structure and a C-terminal "YABBY" domain. Five 

dicotic YABBY gene subfamilies (CRABS 

CLAW/CRC, FILAMENTOUS FLOWER/FIL-

YABBY3, INNER NO OUTER/INO, YABBY2, 

YABBY5) exist, while most monocots do not have 

the YABBY5 group (Yang et al., 2018). The YABBY 

factors are responsible for abaxially specifying cell 

identity of lateral organs and leaf and floral organ 

polarity. In reality, all the reports demonstrate that 

YABBY genes play a role in carpel and leaf margin 

development, style length, and other related 

characters (Han et al., 2025). Aside from growth, 

YABBY proteins also influence metabolism and 

stress. For instance, secondary metabolites are 

modulated by them: MsYABBY5 in peppermint 

inhibits monoterpene synthesis, while Artemisia 

AaYABBY5 increases artemisinin and flavonoid 

biosynthesis(Wang et al., 2016). Even plant hormones 

are regulated by YABBY genes, i.e., rice YABBY1 

was involved in gibberellin biosynthesis feedback 

control, connecting YABBYS to the growth signal 

(Dai et al., 2007). Therefore, YABBY transcription 

factors play a role in several organogenesis processes, 

metabolite biosynthesis, and stress acclimatization. 

Whereas YABBYs are central to model and crop 

plants, the olive YABBY family is uncharacterized 

(Zhang et al., 2020). Other systems' genome-wide 

screens illustrate the potency of such analysis in 

establishing gene family affiliation and activity. In 

carrot (Daucus carota), 11 were discovered 

heterogeneously distributed onto nine YABBY gene 

chromosomes and classified into the known 

Arabidopsis-based subfamilies (Hussain et al., 2024). 

These studies utilized bioinformatics tools in 

annotating YABBY gene structure, conserved motifs, 

and expression patterns. Transcriptome analysis in 

Osmanthus fragrans and other plants also established 

that YABBY genes were extremely abundant in 

leaves and flowers and identified some YABBYs with 

flower scent and leaf shape traits (Shi et al., 2024). In 

this paper, we conduct the first genome-wide analysis 

of YABBY transcription factor family in olive, here. 

We use the genome sequence of olive europaea and 

public data, wherein we select putative YABBY 

genes, compare their gene structure and chromosomal 

positions, and derive evolutionary relationships 

(phylogeny, duplications, etc.) by comparison with 

other plant YABBYs (Xia et al., 2021). We focus on 

the olive ortholog of YABBY1, especially because 

YABBY1 was reported to be involved in the 

regulation of plant hormones. Our in silico strategy 

employs well-known methods (hidden Markov 

models for domain identification, sequence 

alignment, motif search, and phylogenies), like in 

other research on plant TFs (Romanova et al., 2021). 

Through the description of the olive YABBY gene 

family and the focus on YABBY1, we hope to leave 

an open door to ongoing functional and breeding 

research on olive development and stress reaction 

(Zhang et al., 2023). 

2. Materials and methods 

2.1 Identification of YABBY genes in Olea europea 

The Arabidopsis thaliana YABBY protein sequence 

with Gene ID: O22152 was downloaded from UniProt 

(https://www.uniprot.org/) and stored in FASTA 

format. MotifFinder analysis was performed to 

determine conserved motifs and verify the existence 

of the YABBY signature domain based on Pfam 

annotation (Mazhar et al., 2023).This Arabidopsis 

sequence was then used as a query for a BLAST 

search against the Olea europaea genome in 

Phytozome (https://phytozome-next.jgi.doe.gov/) 

(Hai et al., 2024). The resulting olive protein 

sequences were then scanned in MotifFinder 

(https://www.genome.jp/tools/motif/)to identify 

conserved YABBY motifs and confirm the existence 

of the YABBY domain by Pfam annotation, and the 

genuineness of each candidate sequence was 

authenticated. 

2.2 Physicochemical properties of YABBY genes in 

O. europea 

Each olive YABBY protein sequence was separately 

downloaded and scanned in the Phytozome database 

to acquire exhaustive gene data, including the related 

Phytozome gene ID, chromosomal position, and other 

genomic details of interest (Rong et al., 2020). 

Furthermore, the physicochemical properties of every 

YABBY protein were computed with the ProtParam 

(https://web.expasy.org/protparam/), including the 

amino acid count, theoretical isoelectric point (pI), 

molecular weight, instability index, aliphatic index, 

and grand average of hydropathicity (GRAVY) (Jeba 

et al., 2025). All the gathered data were compiled and 

arranged in a Microsoft Excel spreadsheet 

systematically for further analysis. 

2.3 Subcellular localization of YABBY genes in O. 

europea 

Subcellular localization of Olea europaea YABBY 

proteins was predicted via WoLF PSORT  

(https://wolfpsort.hgc.jp/) (Bettaieb et al., 2020). 

Output data were tabulated in Microsoft Excel, and 

proteins were classified on the basis of predicted 

cellular localization. Processed data were then 

visualized using Heatmap Illustrator from TBtools to 

create a heatmap illustration of subcellular 

localization patterns, where visualization parameters 

are optimized for clarity and presentation quality 

(Köhler, 2024). 

2.4 Phylogenetic analysis of O. europea 

https://www.uniprot.org/
https://phytozome-next.jgi.doe.gov/
https://www.genome.jp/tools/motif/
https://web.expasy.org/protparam/
https://wolfpsort.hgc.jp/
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YABBY protein sequences from Arabidopsis 

thaliana, Carica papaya, Olea europaea, and 

Solanum tuberosum were compared based on the 

MUSCLE algorithm incorporated in MEGA 12 

https://www.megasoftware.net/ . A phylogenetic tree 

was built using the maximum likelihood method with 

1,000 bootstrap replicates to determine branch 

reliability. The phylogenetic tree obtained was then 

optimized and visualized through the iTOL 

(https://itol.embl.de/) platform to improve clarity and 

correctly illustrate the classification and evolutionary 

patterns of the YABBY gene family (Huang et al., 

2013). 

2.5 Cis regulatory element analysis of YABBY in 

Olive 

Genomic sequences of each Olea europaea YABBY 

gene were downloaded individually from Phytozome 

(https://phytozome-next.jgi.doe.gov/) using the “G” 

option, with the upstream region set to 1,000 bp. The 

sequences preceding the designated regions were 

extracted and compiled into a single file named 

“promoter sequence” (Lv et al., 2025). This file was 

submitted to the PlantCARE database 

(https://bioinformatics.psb.ugent.be/webtools/plantca

re/html/ ) for cis-regulatory element prediction, and 

the resulting data were visualized in TBtools using the 

“Gene Structure View (Advanced)” function to 

analyze the distribution of cis-regulatory elements 

(Wu et al., 2024). 

2.6  Motif and Domain analysis of olive YABBY 

Conserved domain (Hit) data were obtained in 

FASTA format from the NCBI CDD database 

(https://www.ncbi.nlm.nih.gov/), and motif data were 

retrieved in XML format from the MEME Suite 

https://meme-suite.org/meme/(Farooqi et al., 2023). 

In TBtools, the “Genomic Structure” function under 

the Graphics section was used by uploading the 

Newick tree file, MEME XML file, Hit data, and the 

renamed crop file. The analysis was executed to 

generate the final visualization of conserved domains 

and motif distribution (Guo et al., 2024). 

2.7 Intron and exon analysis 

Coding sequence (CDS) and genomic sequences of 

Olea europaea YABBY genes were retrieved from 

the Phytozome database and submitted to the Gene 

Structure Display Server (GSDS) (https://gsds.gao-

lab.org/)  for gene structure analysis (Gamas et al., 

2025). 

2.8 Ks Ka and Divergence time calculation of 

YABBY genes in olive 

The Ka and Ks substitution rates were calculated 

using the Ka/Ks calculator in TBtools by uploading 

the CDS file of Olea europaea YABBY genes(Parvez 

et al., 2025). The obtained Ka and Ks values were 

imported into Microsoft Excel, where divergence time 

for each gene pair was estimated using the formula T 

= Ks / (2 × λ), with a substitution rate (λ = 1.8 × 10⁻⁹) 

for olive (Wang et al., 2011). The corresponding 

divergence times in million years ago (MYA) were 

also computed (Arnason et al., 1996). The resulting 

data were then visualized in TBtools using the 

heatmap function to display Ka/Ks ratios and 

divergence time values among YABBY genes (Zheng 

et al., 2023). 

2.9 miRNA analysis 

The YABBY gene family of Oeu was utilized to 

locate target locations using the available genomic 

data .miRNA of our yabby genes were obtained from 

Plant miRNA Encyclopedia (PmiREN) database 

(https://www.pmiren.com/), and this was further 

compared with the CDS sequence of our concerned 

yabby genes using the default parameters of the 

psRNATarget web server 

tool(https://www.zhaolab.org/psRNATarget/analysis

?function=3) (Panwar et al., 2024). The relationships 

between the predicted miRNAs and the targeted genes 

were analyzed to determine the site of action and the 

type of regulatory inhibition (Gennarino et al., 2012). 

2.10 Synteny Analysis 

 Olea europaea genome was analyzed by creating 

three datasets: a file with chromosome lengths, a file 

with gene locations, and a file showing the paralogous 

relationships between genes. To find these 

relationships, we did a BLASTP search to identify 

pairs of genes with similar sequences (Ozdemir 

Ozgenturk et al., 2010). We then used the Advanced 

Circos module of TBtools to put these data and 

visualize how the collinear blocks are spread across 

the genome (Chen et al., 2022). The map we got gave 

us a look at the genome's internal structure, showing 

us the regions that are conserved and where the 

chromosomes have been rearranged. 

2.11 Chromosomal localization 

Chromosomal localization of the identified genes in 

Olea europaea was carried out using gene position 

and chromosome length data sets (Barghini et al., 

2017). The gene position data set contained gene 

identifiers, chromosome numbers, and genomic start 

and end positions, whereas the chromosome length 

data set contained the total size of each pseudo-

chromosome (Harrison et al., 2002). The data sets 

were analyzed using the MG2C website ( 

http://mg2c.iask.in/mg2c_v2.1/) to produce 

chromosomal distribution maps. The gene loci were 

depicted on the maps based on their physical positions 

to determine the distribution patterns of the genes in 

the genome (Cao et al., 2016). 

2.12 Expression profiling analysis 
To evaluate organ-specific expression patterns of 

olive YABBY genes, RNA-seq data from mature 

olive tree fruit, flower, leaf, meristematic tissue, root, 

and stem tissues were employed under natural settings 

(Rurek, 2025). The YABBY gene sequences were 

obtained from the Olive Genome Database 

(https://genomaolivar.dipujaen.es/db/run_blast.php) 

which was further processed, and normalized 

https://www.megasoftware.net/
https://itol.embl.de/
https://phytozome-next.jgi.doe.gov/
https://bioinformatics.psb.ugent.be/webtools/plantcare/html/
https://bioinformatics.psb.ugent.be/webtools/plantcare/html/
https://www.ncbi.nlm.nih.gov/
https://meme-suite.org/meme/
https://gsds.gao-lab.org/
https://gsds.gao-lab.org/
https://www.pmiren.com/
https://www.zhaolab.org/psRNATarget/analysis?function=3
https://www.zhaolab.org/psRNATarget/analysis?function=3
(%20http:/mg2c.iask.in/mg2c_v2.1/)
(%20http:/mg2c.iask.in/mg2c_v2.1/)
https://genomaolivar.dipujaen.es/db/run_blast.php
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expression data (RPKM) were collected from the 

Gene Expression Omnibus database, accession 

GSE140648 (Zirak et al., 2024). To perform 

expression profiling, RPKM values were log2-

transformed. TBtools was used for hierarchical 

clustering and creating heatmaps. 

3. Results 

3.1 Identification of Yabby genes in Olea europea 

A genome-wide search of the Olea europaea genome 

led to the identification of five putative YABBY 

genes. The existence of the C2C2 zinc finger domain 

in the N-terminal region and the YABBY domain in 

the C-terminal region was verified using the domain 

verification method (Liu et al., 2020). The YABBY 

genes were named OeuYAB1, OeuYAB2, OeuYAB3, 

OeuYAB4, and OeuYAB5 based on their sequence 

similarity and chromosomal location. The YABBY 

genes were further investigated for physicochemical 

properties, gene structure, and expression (Kong et 

al., 2023). 

3.2 Physicochemical properties 

The physicochemical properties of the OeYAB 

proteins are shown in Table 1. The lengths of the 

amino acid chains varied between 170 (OeYAB3) and 

211 (OeYAB1 and OeYAB4) residues, while the 

molecular weights varied between 19.38 kDa and 

23.59 kDa. The theoretical isoelectric points (pI) 

varied from 6.23 to 8.80, which means that the 

majority of the OeYAB proteins are weakly basic. 

Instability index values (47.7–63.09) suggested that 

all the OeYAB proteins are unstable in vitro. GRAVY 

values were negative for all the proteins (−0.383 to 

−0.745), showing they are hydrophilic (Islam et al., 

2017). These findings suggest OeYAB proteins as 

being hydrophilic, small-sized, and possibly unstable 

under normal conditions, as would be expected of 

transcription factors (Deeba et al., 2017). 

 

Table 01: Physicochemical Properties of OeuYAB Genes. Summary of Genomic and Biochemical Features. The pI 

values for the proteins range from 6.23 to 8.8, indicating that they are basic. The hydrophilic character is indicated 

by a negative GRAVY and instability index values greater than 40. The amino acid lengths vary between scaffolds 

and chromosomes 1, 3, and 9, ranging from 170 to 211.

Gene ID Phytozome 

ID 

Chromosome position Direction No. of 

amino 

acids        

                

Theoratical pi 

Molecular 

weight 

Instabilit

y index 

Gravy Chromosome 

number 

    Start end               

OeuYAB1 Oeu033104.

1 

52332 54840 Reverse 211 7.68 23591.94 51.24 -0.383 scaffold2771 

OeuYAB2 Oeu048822.

1 

210708 216336 Forward 184 8.8 20666.58 47.7 -0.482 scaffold528 

OeuYAB3 Oeu031003.

1 

1013483 1016606 Reverse 170 8.71 19384.12 50.89 -0.428 chr9 

OeuYAB4 Oeu005814.

1 

4302348 4304756 Forward 211 7.69 23588.98 53.78 -0.352 chr3 

OeuYAB5 Oeu055459.

1 

3388059

5 

33882167 Forward 190 6.23 21711.46 63.09 -0.745 chr1 

3.3 Subcellular localization  

Subcellular localization study revealed that OeYAB3 

and OeYAB5 were primarily found in the nucleus, 

with the highest prediction scores (10 and 14, 

respectively), confirming nuclear transcription factor 

roles(Zuckerman and Ulitsky, 2019). OeYAB1, 

OeYAB2, and OeYAB4 displayed lower and more 

distributed localization signals, primarily found in the 

chloroplast, cytoplasm, and vacuole. These findings 

indicate that OeYAB3 and OeYAB5 are most likely 

nuclear proteins, but the other OeYAB members may 

have more complex subcellular localizations (Harding 

et al., 2005). 

 

 
Figure 1: The subcellular localization prediction 

study of the OeYABBY proteins revealed that they 

are present in the nucleus, chloroplast, and vacuole. 
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The study found that the greatest number of proteins 

had the colour red, indicating subcellular localization. 

 3.4 Phylogenetic analysis 

To better comprehend the YABBY family's 

evolutionary links, an unrooted tree was built from 

olive, potato, papaya, and Arabidopsis species (Figure 

2). This tree categorized the YABBY family into five 

separate groups: FIL/YAB3, YAB2, YAB5, CRC, 

and INO, as previously defined. For example, the 

olive OeuFIL1/2 formed a different group with AtFIL 

and StYABB3, which were classified as FIL/YAB3 

members, whereas OeuYAB2 created a distinct group 

with AtYAB2 and StYABB8 (Liu et al., 2022). This 

study demonstrated that the olive YABBY family has 

evolved into separate subgroups that are expected to 

have functional roles comparable to those of other 

dicot species (Finet et al., 2016). 

 
Figure 2: Phylogenetic relationships among YABBY proteins from Olea europaea, Arabidopsis thaliana, Solanum 

tuberosum, and Carica papaya. The phylogenetic relationship between the YABBY proteins of the aforementioned 

plants was built by the MEGA 11 software package using the neighbor-joining method after 1000 replicates with 

bootstrap support and the phylogenetic tree. 

3.5 Gene structure (Exon –intron) 

The examination of the genomic organization of the 

YABBY genes in the olive plant revealed moderate 

heterogeneity in their structural makeup (Julca, 2018). 

As illustrated in the figure above, the bulk of the 

OeuYAB genes contained multiple exons separated 

by introns. Specifically, the YABBY genes 

OeuYAB1, 2, and 4 included numerous exons. On the 

other hand, the YABBY genes OeuYAB3 and 5 have 

shorter exons (Buttar et al., 2020). Furthermore, the 

picture above showed that the YABBY gene 

OeuYAB3 had a specific region upstream or 

downstream of it, as indicated by the blue blocks. All 

YABBY genes contained several exons. Furthermore, 

the variety in the composition of the YABBY genes 

suggests that their functional control may vary (Wang 

et al., 2024). 
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Figure 3: The olive YABBY genes have an exon-intron structure. Exons and introns are shown as yellow boxes and 

black lines, respectively. Gene models vary depending on the number of introns present in the various OeuYAB genes. 

 3.6 Motif and Domain analysis 

OeuYAB gene motif analysis provides additional 

validation by identifying conserved motifs and 

domains within Olea europaea's genome (Faize et al., 

2020). It was discovered that the olive YABBY-like 

genes contained both the YABBY and YABBY 

superfamily domains. Numerically, motifs 5, 2, 4, 1, 

and 3 were found in OeuYAB1 and OeuYAB4, while 

motifs 7, 9, 8, 10, and 6 were found in OeuYAB2 and 

OeuYAB3.On the other side, OeuYAB5 has a less 

complex motif composition, consisting of only motifs 

7 and 10 (Abou Assi et al., 2018). However, all of the 

motifs were conserved between the YABBY and 

YABBY superfamily domains, demonstrating the 

structures' stability and homology, as well as the 

protein's function (Shen et al., 2025). 

 
Figure 4:Structure of the conserved motif and domains found in olive YABBY proteins. Colored boxes symbolize 

different patterns and domains. All YABBY proteins share commonalities in motif and domain organization. 

 3.7 Promoter cis regulatory analysis 

The 2000-bp promoter region of the olive YABBY 

genes (OeuYAB1-OeuYAB5) contains well-defined 

cis-regulatory features. Clustering is a strategy for 

grouping genes or components based on similarities 

in their promoter features. Because of their complex 

regulatory mechanisms, these results suggest that the 

olive YABBY genes are likely influenced by a variety 

of environmental and hormone stimuli(Luo et al., 

2022). 
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Figure 5: Cis-regulatory element study of olive YABBY genes. The heatmap depicts the number and distribution of 

putative cis-regulatory elements in the OeuYAB genes' promoter region. The colour scale depicts the changes in 

regulatory motif content among gene members.

 

3.8 Ka/Ks Analysis  

 Ka/Ks study of the Olea europaea YABBY gene 

family found that all duplicated gene pairs had Ka/Ks 

values < 1 (Figure 6) (Sami et al., 2023). This shows 

that the YABBY genes in olive plants have primarily 

been subjected to purifying selection pressure. This 

also implies that the YABBY genes have a high 

functional conservation potential following 

duplications (Smýkal et al., 2018). The diversity in Ks 

values between gene pairs indicates that YABBY 

gene duplication occurred at various stages of 

evolution. The heatmap visualisation also showed the 

evolutionary distance between the YABBY genes, 

indicating that the YABBY gene family evolved 

during the duplication event while maintaining 

conserved biological activity (Zhang et al., 2003). 

 

 
Figure 6: Heatmap of the duplicated YABBY gene 

pairs in Olea europaea, showing Ka, Ks, and Ka/Ks 

values. The YABBY gene family has undergone 

purifying selection during evolution, as indicated by 

low Ka/Ks values (<1). 
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3.9 miRNA  analysis 

Two microRNAs were targeting the OeuYAB1 and 

OeuYAB4 genes. These microRNAs belonged to two 

distinct families: Oeu-miRN1154 and Oeu-

miRN2138. Both OeuYAB1 and OeuYAB4 have 

been identified as microRNA targets (Ye et al., 2019). 

The expectation score for each objective was 4.5. It is 

vital to understand that many microRNAs can target 

the same gene. MicroRNAs, in this situation, 

represent a distinct regulatory process (Riolo et al., 

2020). It is also worth noting that Oeu-miRN2138 

inhibits the expression of the OeuYAB1 and 

OeuYAB4 genes by cleavage, whilst the other 

microRNA, Oeu-miRN1154, inhibits their translation. 

These microRNAs regulate plants in a variety of ways. 

Cleavage inhibition is an example of mRNA 

degradation that happens quickly. These results 

contribute to the intricate network of YABBY gene 

regulation within the Oeu genome (Zhou and Luo, 

2013). 

3.10 Synteny Analysis 

The Olea europaea genome was analyzed for 

intraspecific synteny. It showed a network of 

paralogous gene pairs, meaning there is a lot of 

genetic redundancy(Julca et al., 2023). The TBtools 

Advanced Circos module was used to plot the data at 

a resolution. The plot showed collinearity and 

segmental duplications as high-density ribbons 

between chromosomes (Danmaigona Clement, 

2023).These findings show that the internal genomic 

organization is conserved. There have been large-

scale chromosomal rearrangements. These 

rearrangements are likely the result of 

polyploidization events (Bento et al., 2008). The 

syntenic linkages were mapped to the 

pseudochromosomes giving insight into how the olive 

genome evolved. The duplicated regions that were 

identified are also very important (Mascagni et al., 

2022). 

 

 
Figure 7: Synteny analysis showing collinearity 

among OeYABBY genes across olive chromosomes. 

Connecting lines indicate duplicated gene pairs 

resulting from segmental duplication events. 

3.11 Chromosomal Distribution 

The genes were found to be distributed in an 

unbalanced manner in the Olea europaea genome and 

were restricted to five different regions of the genome: 

SC_2771, SC_528, C_9, C_3, and C_1. Chromosome 

C_1 contained a single gene (Oeu055459.1), which 

was localized to the distal end, while SC_2771 and 

SC_528 contained a single gene (Oeu033104.1 and 

Oeu048822.1) localized to the upper part of each 

chromosome (Chee et al., 1995). The distribution of 

these genes suggests the presence of "hotspots" in the 

genome, particularly in C_9 and C_3, which could be 

an indication of gene family amplification in these 

regions or could be the result of tandem gene 

duplication events in the distant past (Chen et al., 

2020). 
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Figure 8: Chromosomal distribution and localization of target genes across the Olea europaea genome. Labels 

indicate the physical positions of specific gene loci mapped onto pseudochromosomes and scaffolds using MG2C 

v2.1. The vertical scale on the left represents chromosomal length in Megabases (Mb). 

3.12 Expression analysis 
The differential expression of olive YABBY genes 

was also investigated using existing RNA-seq data 

from mature cultivated olive trees grown in field 

conditions and containing six anatomical tissues: fruit, 

flower, leaf, meristem, root, and stem tissues, which 

were represented by a heatmap (Fig. 9)(Lagiotis et al., 

2024). Only five YABBY genes (Oeu033104.1, 

Oeu048822.1, Oeu031003.1, Oeu005814.1, and 

Oeu055459.1) showed detectable expression in the 

transcriptome, which could be attributed to the fact 

that the transcriptomic data were acquired from 

mature tissue (Manthey et al., 2004).Tissue-specific 

differences in expression levels were evident. Based 

on the expression patterns, it is obvious that 

Oeu033104.1 and Oeu005814.1 belong to the same 

cluster, as both genes had higher expression in 

meristem tissue and lower expression in root tissue 

(Livramento et al., 2022; Rasheed et al., 2026). On the 

other hand, Oeu031003.1 and Oeu055459.1 showed 

higher expression in fruit tissue, with Oeu031003.1 

showing exceptionally higher expression levels in 

fruit tissue than in other tissues and Oeu055459.1 

showing dominant expression in fruit tissue, albeit at 

a moderate level, implying that both genes may be 

involved in fruit development or reproduction 

(Janssen et al., 2008). However, Oeu048822.1 

showed a rather uniform expression pattern in all 

tissues, with just small changes, showing that the 

genes may be involved in the regulation of YABBY 

genes throughout the family (Yin et al., 2022). The 

heatmap analysis revealed unique organ-preferential 

transcription patterns among the olive YABBY genes, 

indicating functional diversity within the family (Xia 

et al., 2022). 

 

 

 
Figure 9: Heatmap of OeYABBY Expression shows 

Visual representation of gene activity across tissues. 

The intense red for Oeu031003.1 indicates high fruit 

specificity, while synchronized row patterns reflect 

collinearity from segmental duplication. 

 

Table 2: Expression Profile of OeYABBY Genes. Quantitative RPKM values showing tissue-specific activity. 

Identical values for Oeu033104.1 and Oeu005814.1 highlight a duplicated gene pair with conserved expression 

patterns

Phytozome ID Fruit 

(RPKM) 
Flower 

(RPKM) 
Leaf 

(RPKM) 
Meristem 

(RPKM) 
Root (RPKM) Stem 

(RPKM) 

Oeu033104.1 12.816 31.783 0.152 38.033 0.007 0.751 

Oeu048822.1 1.793 2.774 2.204 3.246 2.173 3.529 

Oeu031003.1 1081.066 41.646 7.842 31.1 0.272 1.345 

Oeu005814.1 12.816 31.783 0.152 38.033 0.007 0.751 

Oeu055459.1 43.88 6.351 3.398 4.211 0.005 0.397 

4. Discussions 

Transcription factors are critical regulators of gene 

expression (Mitsis et al., 2020). They play a role in 

managing the complex regulatory systems that govern 

plant growth, development, and adaptation(Wolters 

and Jürgens, 2009). The YABBY transcription factor 

family has played a critical role in regulating plant 

lateral polarity and abaxial-adaxial identity, 

particularly in seed plants (Yusoff, 2017). In the 

current study, a genome-wide analysis of the olive 

genome database revealed the presence of five 

different OeuYAB gene sequences, implying the 

presence of a highly conserved evolutionary strategy 

in the case of the olive plant, in which the functional 

integrity of the YABBY family of transcription 

factors has been maintained as a distinct regulatory 

unit, despite the complex polyploid nature of the plant 

genome (Sherazi et al., 2026). The physicochemical 
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characterization of the OeuYAB protein family using 

the ProtParam program 

(https://web.expasy.org/protparam/)  revealed the 

proteins' compact nature, with molecular weights 

ranging from 19.38 to 23.59 kDa, sizes ranging from 

170 to 211 amino acids, and theoretical pI ranging 

from 6.23 to 8.80 (Oyewusi et al., 2025). This 

suggests that proteins are mainly basic in nature. The 

negative GRAVY values range from -0.383 to -0.745, 

indicating that the protein is hydrophilic(Yoodee et 

al., 2024). Furthermore, the high instability index 

values greater than 40 for the whole family suggest 

that these transcription factors are intrinsically 

unstable in vitro (Gamage et al., 2019). This is 

because transcription factors are regulatory proteins 

that have a high turnover rate at specific 

developmental stages.MEGA12-based 

(https://www.megasoftware.net/) phylogenetic study 

of the five OeuYAB genes identified five conventional 

subfamilies: FIL/YAB3, YAB2, YAB5, CRC, and 

INO (Hao et al., 2022). The significant link between 

the subfamilies and the OeuYAB genes from 

Arabidopsis, potato, and papaya shows that these 

subfamilies have retained their functional specificity 

since the separation of these plant lines (Jue et al., 

2017). Furthermore, gene structure insights into the 

structure of the OeuYAB genes using the Gene 

Structure Display Server (https://gsds.gao-lab.org/)  

and MEME tools (https://meme-suite.org/meme/) 

revealed that, while all of the genes contain the 

signature N-terminal C2C2-type zinc finger and C-

terminal YABBY domains, differences in exon and 

intron distributions, as well as the presence of specific 

motifs, suggest functional specificity (Smith and 

Matthews, 2016). This is because, for example, 

whereas the motif patterns in OeuYAB1 and OeuYAB4 

are similar, they diverge dramatically in OeuYAB5 

(Chowdhury et al., 2022). The family's evolutionary 

pattern is subject to rigorous purifying natural 

selection, as evidenced by the calculated Ka/Ks ratios 

of duplicated gene pairs being significantly lower than 

1.0 (Zhao et al., 2022). This negative selection 

pressure ensures the conservation of the protein’s 

functional domains by eliminating deleterious 

mutations, thereby maintaining the essential 

developmental roles of the YABBY family across 

evolutionary timescales (Soskine and Tawfik, 2010).  

Plant CARE 

(https://bioinformatics.psb.ugent.be/webtools/plantca

re/html/) analysis of the regulatory regions, 

specifically the 1,000-bp upstream promoter regions, 

revealed a complex regulatory pattern rich in cis-

regulatory elements involved in light responsiveness, 

hormone signalling pathways such as ABA and 

gibberellins, and abiotic stress adaptation 

(Komamytsky and Borisjuk). This has shifted the 

OeuYAB genes to the core of the regulatory axis, 

where external environmental inputs are incorporated 

into internal growth programs. To obtain insight into 

the post-transcriptional regulatory pattern, a miRNA 

target analysis was performed using the psRNA 

Target service 

(https://www.zhaolab.org/psRNATarget/analysis?fun

ction=3), which revealed a specialized regulatory 

pattern in which OeuYAB1 and OeuYAB4 are targeted 

by two distinct miRNA molecules, Oeu-miRN1154 

and Oeu-miRN2138. Analysis of these interactions 

with their respective target miRNAs yielded an 

expected score of 4.5 for both groups, indicating a 

high level of sequence complementarity. Notably, the 

inhibitory mechanisms of these interactions function 

in distinct ways depending on their coordinate 

positions (Chen et al., 2005). For example, Oeu-

miRN2138 was predicted to cause mRNA degradation 

by cleaving transcripts in the 65-85 bp area, whereas 

Oeu-miRN1154 was predicted to influence gene 

expression by inhibiting translation in the 104-124 bp 

region. More crucially, RNA-seq expression analysis 

for six different anatomical areas revealed strong 

evidence of functional differences (Arraiano et al., 

2010). Although OeuYAB1 and OeuYAB4 showed 

synchronized greater expression in meristematic 

tissues, as shown by their RPKM values of 38.033, 

Oeu031003.1, also known as OeuYAB3, belonging to 

the CRC subfamily, showed an extremely higher 

RPKM value of 1081.066 in fruit tissue(Sun et al., 

2020). Such specialized regulation, which may 

include a complicated combination of cis-elements 

and miRNA-mediated control, strongly implies that 

OeuYAB3 is an important regulator of olive drupe 

production or secondary metabolism in the oil-rich 

mesocarp (Tranbarger et al., 2011). As further 

validation of their unique nuclear localization, as 

indicated by their activity as active transcription 

factors, WoLF PSORT (https://wolfpsort.hgc.jp/) 

predictions of their subcellular localization revealed 

that these proteins are found in the nucleus 

(Deveshwar et al., 2020). 

5. Conclusion 

In this study, the OeuYAB transcription factor gene 

family in the olive genome was examined in a whole-

genome. Five OeuYAB transcription factor genes 

were discovered, categorised into five subfamilies, 

and their structural and functional properties were 

studied. The genomic organization of the OeuYAB 

gene family revealed a moderate level of gene 

structural diversity, with many exons. Notably, the 

existence of a significant number of short exons in 

OeuYAB3 and OeuYAB5 indicates that the OeuYAB 

gene family is functionally diverse. The chromosomal 

mapping of the OeuYAB gene family revealed that 

the genes are unevenly distributed over five genomic 

regions. Notably, hotspots for the OeuYAB gene 

family can be discovered in C_9 and C_3, indicating 

that the YABBY gene family has been duplicated in 

the olive genome. The promoter study of the OeuYAB 

https://web.expasy.org/protparam/
https://www.megasoftware.net/
https://gsds.gao-lab.org/
https://meme-suite.org/meme/
https://bioinformatics.psb.ugent.be/webtools/plantcare/html/
https://bioinformatics.psb.ugent.be/webtools/plantcare/html/
https://www.zhaolab.org/psRNATarget/analysis?function=3
https://www.zhaolab.org/psRNATarget/analysis?function=3
https://wolfpsort.hgc.jp/
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gene family indicated the presence of numerous stress 

response elements associated with heat, cold, and 

drought stress (HSE, LTR, and MBS). Notably, 

OeuYAB3 and OeuYAB5 were predicted to be 

nuclear-localized proteins, implying that they could 

act as transcriptional regulators during abiotic stress 

reactions. Additionally, miRNA interaction study 

revealed that Oeu-miRN1154 and Oeu-miRN2138 

regulate OeuYAB1 and OeuYAB4 through 

translation inhibition and transcript cleavage 

mechanisms. Furthermore, the gene expression study 

revealed that OeuYAB3 is a strong candidate gene for 

reproductive development, with extraordinarily high 

levels of expression in fruit tissue (1081.066 RPKM). 

The findings from the study on olive YABBY proteins 

will be relevant for future functional analysis, gene 

cloning, and research into the regulatory connections 

of olive YABBY genes with other transcription 

factors. The study's findings will be important in the 

development of molecular breeding for olive trees to 

improve flowering, fruiting, and stress tolerance in 

response to changing climatic circumstances. 

References 

Abou Assi, H., Garavís, M., González, C., and 

Damha, M. J. (2018). i-Motif DNA: structural 

features and significance to cell biology. Nucleic 

acids research 46, 8038-

8056.https://doi.org/10.1093/nar/gky735 

Arnason, U., Gullberg, A., Janke, A., and Xu, X. 

(1996). Pattern and timing of evolutionary 

divergences among hominoids based on 

analyses of complete mtDNAs. Journal of 

Molecular Evolution 43, 650-

661.https://doi.org/10.1007/BF02202113 

Arraiano, C. M., Andrade, J. M., Domingues, S., 

Guinote, I. B., Malecki, M., Matos, R. G., 

Moreira, R. N., Pobre, V., Reis, F. P., and 

Saramago, M. (2010). The critical role of RNA 

processing and degradation in the control of 

gene expression. FEMS microbiology reviews 

34,883-923..https://doi.org/10.1111/j.1574-

6976.2010.00242.x 

Barghini, E., Mascagni, F., Natali, L., Giordani, T., 

and Cavallini, A. (2017). Identification and 

characterisation of Short Interspersed Nuclear 

Elements in the olive tree (Olea europaea L.) 

genome. Molecular Genetics and Genomics 

292, 53-61. 

Benny, J. (2021). Investigation on the genetic basis of 

environmental stress in fruit tree crops. 

Bento, M., Pereira, H. S., Rocheta, M., Gustafson, P., 

Viegas, W., and Silva, M. (2008). 

Polyploidization as a retraction force in plant 

genome evolution: sequence rearrangements in 

triticale. PLoS One 3, 

e1402.https://doi.org/10.1371/journal.pone.000

1402 

Bettaieb, I., Hamdi, J., and Bouktila, D. (2020). 

Genome-wide analysis of HSP90 gene family in 

the Mediterranean olive (Olea europaea subsp. 

europaea) provides insight into structural 

patterns, evolution and functional diversity. 

Physiology and Molecular Biology of Plants 26, 

2301-2318. 

Buttar, Z. A., Yang, Y., Sharif, R., Nan Wu, S., Xie, 

Y., and Wang, C. (2020). Genome wide 

identification, characterization, and expression 

analysis of YABBY-gene family in wheat 

(Triticum aestivum L.). Agronomy 10, 

1189.https://doi.org/10.3390/agronomy1008118

9 

Cao, J., Jiang, M., Li, P., and Chu, Z. (2016). 

Genome-wide identification and evolutionary 

analyses of the PP2C gene family with their 

expression profiling in response to multiple 

stresses in Brachypodium distachyon. BMC 

genomics 17, 175. 

Chee, P., Talbert, L., and Lavin, M. (1995). Molecular 

analysis of evolutionary patterns in U genome 

wild wheats. Genome 38, 290-

297.https://doi.org/10.1139/g95-036 

Chen, C., Wu, Y., and Xia, R. (2022). A painless way 

to customize Circos plot: From data preparation 

to visualization using TBtools. Imeta 1, 

e35.https://doi.org/10.1002/imt2.35 

Chen, J.-D., Zheng, C., Ma, J.-Q., Jiang, C.-K., 

Ercisli, S., Yao, M.-Z., and Chen, L. (2020). The 

chromosome-scale genome reveals the evolution 

and diversification after the recent 

tetraploidization event in tea plant. Horticulture 

Research 7.https://doi.org/10.1038/s41438-020-

0288-y 

Chen, Y., Shoichet, B., and Bonnet, R. (2005). 

Structure, function, and inhibition along the 

reaction coordinate of CTX-M β-lactamases. 

Journal of the American Chemical Society 127, 

5423-5434. 

Chowdhury, R., Nallusamy, S., Shanmugam, V., 

Loganathan, A., Muthurajan, R., 

Sivathapandian, S. K., Paramasivam, J., and 

Duraialagaraja, S. (2022). Genome-wide 

understanding of evolutionary and functional 

relationships of rice Yellow Stripe-Like (YSL) 

transporter family in comparison with other 

plant species. Biologia 77, 39-53. 

Dai, M., Zhao, Y., Ma, Q., Hu, Y., Hedden, P., Zhang, 

Q., and Zhou, D.-X. (2007). The rice YABBY1 

gene is involved in the feedback regulation of 

gibberellin metabolism. Plant physiology 144, 

121-133.https://doi.org/10.1104/pp.107.096586 

Danmaigona Clement, C. (2023). Breeding for Broad-

Host Resistance of Fusarium Wilt in Cotton. 

Deeba, F., Sultana, T., Mahmood, T., O’Shea, C., 

Skriver, K., and Naqvi, S. S. (2017). 

Involvement of WRKY, MYB and DOF DNA-

https://doi.org/10.1093/nar/gky735
https://doi.org/10.1007/BF02202113
https://doi.org/10.1111/j.1574-6976.2010.00242.x
https://doi.org/10.1111/j.1574-6976.2010.00242.x
https://doi.org/10.1371/journal.pone.0001402
https://doi.org/10.1371/journal.pone.0001402
https://doi.org/10.3390/agronomy10081189
https://doi.org/10.3390/agronomy10081189
https://doi.org/10.1139/g95-036
https://doi.org/10.1002/imt2.35
https://doi.org/10.1038/s41438-020-0288-y
https://doi.org/10.1038/s41438-020-0288-y
https://doi.org/10.1104/pp.107.096586


J. Phys. Biomed. Biol. Sci. 2025; Volume, 5: 53                                                                                       Sher et al., (2026)         

12 

 

binding proteins in interaction with a rice 

germin-like protein gene promoter. Acta 

Physiologiae Plantarum 39, 189. 

Deveshwar, P., Sharma, S., Prusty, A., Sinha, N., 

Zargar, S. M., Karwal, D., Parashar, V., Singh, 

S., and Tyagi, A. K. (2020). Analysis of rice 

nuclear-localized seed-expressed proteins and 

their database (RSNP-DB). Scientific Reports 

10, 15116. 

Elhrech, H., Aguerd, O., El Kourchi, C., Gallo, M., 

Naviglio, D., Chamkhi, I., and Bouyahya, A. 

(2024). Comprehensive review of Olea 

europaea: A holistic exploration into its 

botanical marvels, phytochemical riches, 

therapeutic potentials, and safety profile. 

Biomolecules 14, 

722.https://doi.org/10.3390/biom14060722 

Faize, M., Fumanal, B., Luque, F., Ramírez-Tejero, J. 

A., Zou, Z., Qiao, X., Faize, L., Gousset-Dupont, 

A., Roeckel-Drevet, P., and Label, P. (2020). 

Genome wild analysis and molecular 

understanding of the aquaporin diversity in olive 

trees (Olea europaea L.). International Journal 

of Molecular Sciences 21, 

4183.https://doi.org/10.3390/ijms21114183 

Farooqi, N., Rahman, A., Ali, Y., Ali, K., Khan, M. 

E. H., Jones, D. A., Abdelkarim, M., Ullah, F., 

and Jalil, F. (2023). Phylogenetic analysis of 

promoter regions of human Dolichol kinase 

(DOLK) and orthologous genes using 

bioinformatics tools. Open Life Sciences 18, 

20220591.https://doi.org/10.1515/biol-2022-

0591 

Finet, C., Floyd, S. K., Conway, S. J., Zhong, B., 

Scutt, C. P., and Bowman, J. L. (2016). 

Evolution of the YABBY gene family in seed 

plants. Evolution & Development 18, 116-

126.https://doi.org/10.1111/ede.12173 

Fraga, H., Moriondo, M., Leolini, L., and Santos, J. 

A. (2020). Mediterranean olive orchards under 

climate change: A review of future impacts and 

adaptation strategies. Agronomy 11, 

56.https://doi.org/10.3390/agronomy11010056 

Gamage, D. G., Gunaratne, A., Periyannan, G. R., and 

Russell, T. G. (2019). Applicability of instability 

index for in vitro protein stability prediction. 

Protein and peptide letters 26, 339-

347.https://doi.org/10.2174/0929866526666190

228144219 

Gamas, N., Smaoui, F., Ben Romdhane, W., 

Wiszniewska, A., Baazaoui, N., Bouteraa, M. T., 

Chouaibi, Y., Ben Hsouna, A., Kačániová, M., 

and Kluz, M. I. (2025). Genome-wide 

identification of the defensin gene family in 

Triticum durum and assessment of its response 

to environmental stresses. Biology 14, 

404.https://doi.org/10.3390/biology14040404 

Gennarino, V. A., d'Angelo, G., Dharmalingam, G., 

Fernandez, S., Russolillo, G., Sanges, R., 

Mutarelli, M., Belcastro, V., Ballabio, A., and 

Verde, P. (2012). Identification of microRNA-

regulated gene networks by expression analysis 

of target genes. Genome research 22, 1163-

1172.https://doi.org/10.1101/gr.130435.111 

Guo, J., Wang, S., Zhang, M., Song, X., and Wang, H. 

(2024). Genome-Wide Identification, 

Characterization, and Expression Profile of 

PDCB Gene Family in Zea mays L. Agronomy 

14, 

1858.https://doi.org/10.3390/agronomy1408185

8 

Hai, G., Chen, S., Xie, M., Li, C., Wang, Q., Lu, Y., 

Tang, Y., Zhang, Z., and Yang, G. (2024). 

Identification of Olea europaea CBF/DREB1 

Family Genes in Abnormal Temperature Stress 

Response. Agronomy 14, 2593. 

https://doi.org/10.3390/agronomy14112593 

Han, K., Lai, M., Zhao, T., Yang, X., An, X., and 

Chen, Z. (2025). Plant YABBY transcription 

factors: a review of gene expression, biological 

functions, and prospects. Critical Reviews in 

Biotechnology 45, 214-235. 

Hao, L., Zhang, J., Shi, S., Li, P., Li, D., Zhang, T., 

and Guo, H. (2022). Identification and 

expression profiles of the YABBY transcription 

factors in wheat. PeerJ 10, e12855. 

Harding, A., Tian, T., Westbury, E., Frische, E., and 

Hancock, J. F. (2005). Subcellular localization 

determines MAP kinase signal output. Current 

biology 15, 869-873. 

Harrison, P. M., Hegyi, H., Balasubramanian, S., 

Luscombe, N. M., Bertone, P., Echols, N., 

Johnson, T., and Gerstein, M. (2002). Molecular 

fossils in the human genome: identification and 

analysis of the pseudogenes in chromosomes 21 

and 22. Genome research 12, 272-280. 

Huang, Z., Van Houten, J., Gonzalez, G., Xiao, H., 

and van der Knaap, E. (2013). Genome-wide 

identification, phylogeny and expression 

analysis of SUN, OFP and YABBY gene family 

in tomato. Molecular genetics and genomics 

288, 111-129. 

Hussain, M., Javed, M. M., Sami, A., Shafiq, M., Ali, 

Q., Mazhar, H. S.-U.-D., Tabassum, J., Javed, 

M. A., Haider, M. Z., and Hussain, M. (2024). 

Genome-wide analysis of plant specific 

YABBY transcription factor gene family in 

carrot (Dacus carota) and its comparison with 

Arabidopsis. BMC Genomic Data 25, 

26.https://doi.org/10.1186/s12863-024-01210-4 

Islam, S. M. A., Yeasmin, S., Islam, M. S., and Islam, 

M. S. (2017). Binding affinity and adhesion 

force of organophosphate hydrolase enzyme 

with soil particles related to the isoelectric point 

https://doi.org/10.3390/biom14060722
https://doi.org/10.3390/ijms21114183
https://doi.org/10.1515/biol-2022-0591
https://doi.org/10.1515/biol-2022-0591
https://doi.org/10.1111/ede.12173
https://doi.org/10.3390/agronomy11010056
https://doi.org/10.2174/0929866526666190228144219
https://doi.org/10.2174/0929866526666190228144219
https://www.google.com/search?q=https://doi.org/10.3390/biology14040404
https://doi.org/10.1101/gr.130435.111
https://doi.org/10.3390/agronomy14081858
https://doi.org/10.3390/agronomy14081858
https://www.google.com/search?q=https://doi.org/10.3390/agronomy14112593
https://doi.org/10.1186/s12863-024-01210-4


J. Phys. Biomed. Biol. Sci. 2025; Volume, 5: 53                                                                                       Sher et al., (2026)         

13 

 

of the enzyme. Ecotoxicology and 

environmental safety 141, 85-92. 

Janssen, B. J., Thodey, K., Schaffer, R. J., Alba, R., 

Balakrishnan, L., Bishop, R., Bowen, J. H., 

Crowhurst, R. N., Gleave, A. P., and Ledger, S. 

(2008). Global gene expression analysis of apple 

fruit development from the floral bud to ripe 

fruit. BMC Plant biology 8, 

16.https://doi.org/10.1186/1471-2229-8-16 

Jeba, S. H., Hasan, M. A., Faisal, A., Khatun, M., 

Chowdhury, A. H., Islam, N., and Miah, M. A. 

(2025). In silico approach of exploring the 

structural and functional characteristics of a 

hypothetical protein from monkeypox virus: A 

potential insight for antiviral therapeutics. 

Microbes and Infectious Diseases 6, 487-498. 

Jue, D., Sang, X., Shu, B., Liu, L., Wang, Y., Jia, Z., 

Zou, Y., and Shi, S. (2017). Characterization and 

expression analysis of genes encoding ubiquitin 

conjugating domain-containing enzymes in 

Carica papaya. PloS one 12, 

e0171357.https://doi.org/10.1371/journal.pone.

0171357 

Julca, I. (2018). "Analysis of the Olive genome." 
https://ddd.uab.cat/pub/tesis/2017/hdl_10803_4

59083/icjc1de1.pdf   
Julca, I., Vargas, P., and Gabaldón, T. (2023). 

Phylogenomics of the Olea europaea complex 

using 15 whole genomes supports recurrent 

genetic admixture together with differentiation 

into seven subspecies. BMC biology 21, 85. 

Köhler, R. (2024). Bioimage analysis linking 

information at protein and transcriptional level 

in tissues. http://dx.doi.org/10.17169/refubium-

42472 

Komamytsky, S., and Borisjuk, N. Functional 

analysis of promoter elements in p_ANTg. 

Kong, L., Sun, J., Jiang, Z., Ren, W., Wang, Z., 

Zhang, M., Liu, X., Wang, L., Ma, W., and Xu, 

J. (2023). Identification and expression analysis 

of YABBY family genes in Platycodon 

grandiflorus. Plant Signaling & Behavior 18, 

2163069.https://doi.org/10.1080/15592324.202

2.2163069 

Lagiotis, G., Karamichali, I., Astrinaki, M., Bibi, A. 

C., Vassou, D., Nteve, G. M., Kollias, A., 

Manolikaki, I., Skodra, C., and Michailidis, M. 

(2024). High‐resolution gene expression atlases 

of two contrasting major Greek olive (Olea 

europaea L.) tree cultivars for oil and table olive 

production. Physiologia Plantarum 176, 

e14600.https://doi.org/10.1111/ppl.14600 

Liu, H., Ye, H., Wang, J., Chen, S., Li, M., Wang, G., 

Hou, N., and Zhao, P. (2022). Genome-wide 

identification and characterization of YABBY 

gene family in Juglans regia and Juglans 

mandshurica. Agronomy 12, 

1914.https://doi.org/10.3390/agronomy1208191

4 

Liu, X., Liao, X.-Y., Zheng, Y., Zhu, M.-J., Yu, X., 

Jiang, Y.-T., Zhang, D.-Y., Ma, L., Xu, X.-Y., 

and Liu, Z.-J. (2020). Genome-wide 

identification of the YABBY gene family in 

seven species of magnoliids and expression 

analysis in Litsea. Plants 10, 

21.https://doi.org/10.3390/plants10010021 

Livramento, K. G. d., Freitas, N. C., Trindade, L. d. 

O. R., Teixeira, L. G. d. S., Paiva, L. V., 

Bordallo, P. d. N., and Diniz, L. E. C. (2022). 

Gene expression analysis associated with tissue-

specific promoters in Musa spp. Acta 

Scientiarum. Agronomy 44, 

e55893.https://doi.org/10.4025/actasciagron.v4

4i1.55893 

Luo, J., Zhou, Y., Pan, Q., Mu, Q., and Gu, T. (2022). 

Characterization of YABBY genes and the 

correlation between their transcript levels and 

histone modifications in strawberry. Scientia 

Horticulturae 295, 

110815.https://doi.org/10.1016/j.scienta.2021.1

10815 

Lv, L.-M., Xie, H.-H., Zuo, D.-Y., Zhang, Y.-P., 

Cheng, H.-L., Wang, Q.-L., Li, Z.-F., and Song, 

G.-L. (2025). Investigation and characterization 

of the GhPPO gene family and its expression in 

response to fibre cell growth and biotic stress in 

Gossypium hirsutum L. BMC genomics 26, 

1114. 

Malik, N., Bradford, J. M., and Brockington, J. E. 

(2005). (440) Flowering and Fruiting in Olives 

in the Absence of Chilling Temperatures. 

HortScience 40, 1077E-

1078.https://doi.org/10.21273/HORTSCI.40.4.1

077E 

Manthey, K., Krajinski, F., Hohnjec, N., Firnhaber, 

C., Pühler, A., Perlick, A. M., and Küster, H. 

(2004). Transcriptome profiling in root nodules 

and arbuscular mycorrhiza identifies a collection 

of novel genes induced during Medicago 

truncatula root endosymbioses. Molecular 

Plant-Microbe Interactions 17, 1063-

1077.https://doi.org/10.1094/MPMI.2004.17.10

.1063 

Mascagni, F., Barghini, E., Ceccarelli, M., Baldoni, 

L., Trapero, C., Díez, C. M., Natali, L., 

Cavallini, A., and Giordani, T. (2022). The 

singular evolution of Olea genome structure. 

Frontiers in Plant Science 13, 869048.  

https://doi.org/10.3389/fpls.2022.869048 

Mazhar, H. S.-U.-D., Shafiq, M., Ali, H., Ashfaq, M., 

Anwar, A., Tabassum, J., Ali, Q., Jilani, G., 

Awais, M., and Sahu, R. (2023). Genome-wide 

identification, and in-silico expression analysis 

of YABBY gene family in response to biotic and 

abiotic stresses in potato (Solanum tuberosum). 

https://doi.org/10.1186/1471-2229-8-16
https://www.google.com/search?q=https://doi.org/10.1371/journal.pone.0171357
https://www.google.com/search?q=https://doi.org/10.1371/journal.pone.0171357
http://dx.doi.org/10.17169/refubium-42472
http://dx.doi.org/10.17169/refubium-42472
https://doi.org/10.1080/15592324.2022.2163069
https://doi.org/10.1080/15592324.2022.2163069
https://doi.org/10.1111/ppl.14600
https://doi.org/10.3390/agronomy12081914
https://doi.org/10.3390/agronomy12081914
https://www.google.com/search?q=https://doi.org/10.3390/plants10010021
https://doi.org/10.4025/actasciagron.v44i1.55893
https://doi.org/10.4025/actasciagron.v44i1.55893
https://doi.org/10.1016/j.scienta.2021.110815
https://doi.org/10.1016/j.scienta.2021.110815
https://doi.org/10.21273/HORTSCI.40.4.1077E
https://doi.org/10.21273/HORTSCI.40.4.1077E
https://doi.org/10.1094/MPMI.2004.17.10.1063
https://doi.org/10.1094/MPMI.2004.17.10.1063
https://www.google.com/search?q=https://doi.org/10.3389/fpls.2022.869048


J. Phys. Biomed. Biol. Sci. 2025; Volume, 5: 53                                                                                       Sher et al., (2026)         

14 

 

Genes 14, 

824.https://doi.org/10.3390/genes14040824 

Mitsis, T., Efthimiadou, A., Bacopoulou, F., 

Vlachakis, D., Chrousos, G. P., and Eliopoulos, 

E. (2020). Transcription factors and evolution: 

An integral part of gene expression. World 

Academy of Sciences Journal 2, 3-

8.https://doi.org/10.3892/wasj.2020.32 

Oyewusi, H. A., Oladipo, O., Adekilekun, H., Wahab, 

R. A., Akinyede, K., Tugbobo, S. O., Gunam, I. 

B. W., and Huyop, F. (2025). Concerted 

Structural analysis predictions of an 

organohalide pollutants uptake enzyme, putative 

permease protein (DehHsAADcPt) from 

Halomonas smyrnensis AAD6T.: Comparative 

Structural Prediction of putative permease 

protein (DehHsAADcPt). Journal of Tropical 

Life Science 15, 501-516. 

Ozdemir Ozgenturk, N., Oruç, F., Sezerman, U., 

Kuçukural, A., Vural Korkut, S., Toksoz, F., and 

Un, C. (2010). Generation and analysis of 

expressed sequence tags from Olea europaea L. 

International Journal of Genomics 2010, 

757512.https://doi.org/10.1155/2010/757512 

Panwar, S., Pal, S., Shukla, A. K., Kumar, A., and 

Sharma, P. K. (2024). Identification of 

micronutrient deficiency related miRNA and 

their targets in Triticum aestivum using 

bioinformatics approach. Ecological Genetics 

and Genomics 31, 100236.  

https://doi.org/10.1016/j.egg.2024.100236 

 Parvez, S., Asif, M., Ahmad, A., Javaid, I., Rasheed, 

M. Z., Iftikhar, R., Aljarba, N. H., Zafar, R., 

Sarwar, A., and Khan, R. S. A. (2025). Tracing 

the path from conservation to expansion 

evolutionary insights into NLR genes in 

oleaceae. BMC Plant Biology 25, 259. 

Rasheed, M., Malik, A., Tufail, M., Sami, A., Haider, 

M., Ali, Q., Javed, M., & Ali, D. (2026). 

Genome-wide characterization and expression 

analysis of the BCCP gene family in soybean: 

implications for fatty acid biosynthesis under 

salt stress and melatonin treatment. Bulletin of 

Biological and Allied Sciences 

Research, 2026(1), 110. 

https://doi.org/10.64013/bbasr.v2026i1.110 

Riolo, G., Cantara, S., Marzocchi, C., and Ricci, C. 

(2020). miRNA targets: from prediction tools to 

experimental validation. Methods and protocols 

4, 1.https://doi.org/10.3390/mps4010001 

Romanova, M. A., Maksimova, A. I., Pawlowski, K., 

and Voitsekhovskaja, O. V. (2021). YABBY 

genes in the development and evolution of land 

plants. International Journal of Molecular 

Sciences 22, 

4139.https://doi.org/10.3390/ijms22084139 

Rong, S., Wu, Z., Cheng, Z., Zhang, S., Liu, H., and 

Huang, Q. (2020). Genome-wide identification, 

evolutionary patterns, and expression analysis of 

bZIP gene family in olive (Olea europaea L.). 

Genes 11, 

510.https://doi.org/10.3390/genes11050510 

Rurek, M. (2025). Diversity of organ-specific plant 

transcriptomes. Acta Biochimica Polonica 72, 

14609. 

Sami, A., Haider, M. Z., Shafiq, M., Sadiq, S., and 

Ahmad, F. (2023). Genome-wide identification 

and in-silico expression analysis of CCO gene 

family in sunflower (Helianthus annnus). Plant 

Mol Biol 114, 34 (2024). 

https://doi.org/10.1007/s11103-024-01433-0  

Shen, C., Yuan, J., Li, S., Xu, Y., Sun, B., Zhang, Y., 

Khan, N., and Guo, X. (2025). Genome-wide 

characterization and expression analysis of 

YABBY gene family in three species of 

Cucurbita and their response of salt stress in 

Cucurbita moschata. Horticulture, Environment, 

and Biotechnology 66, 829-845. 

Sherazi, S., Shafiq, M., Ahmed, H., Ahmad, J., 

Hammad, M., Sanam, A., Rehan, M., Tufail, M., 

& Hayyat, Q. (2026). Genome-wide analysis of 

pathogenesis-related protein 1 (pr1) genes 

reveals structural and expression diversity in 

Pisum sativum. Bulletin of Biological and Allied 

Sciences Research, 2026(1), 117. 

https://doi.org/10.64013/bbasr.v2026i1.117 

Shi, T., Zhou, L., Ye, Y., Yang, X., Wang, L., and 

Yue, Y. (2024). Characterization of YABBY 

transcription factors in Osmanthus fragrans and 

functional analysis of OfYABBY12 in floral 

scent formation and leaf morphology. BMC 

Plant Biology 24, 

589.https://doi.org/10.1186/s12870-024-05047-

y 

Smith, N. C., and Matthews, J. M. (2016). 

Mechanisms of DNA-binding specificity and 

functional gene regulation by transcription 

factors. Current opinion in structural biology 

38, 68-74. 

Smýkal, P., Nelson, M. N., Berger, J. D., and Von 

Wettberg, E. J. (2018). The impact of genetic 

changes during crop domestication. Agronomy 

8, 119. 

Soskine, M., and Tawfik, D. S. (2010). Mutational 

effects and the evolution of new protein 

functions. Nature Reviews Genetics 11, 572-

582.https://doi.org/10.1038/nrg2808 

Sun, Z., Song, Y., Chen, D., Zang, Y., Zhang, Q., Yi, 

Y., and Qu, G. (2020). Genome-wide 

identification, classification, characterization, 

and expression analysis of the wall-associated 

kinase family during fruit development and 

under wound stress in tomato (Solanum 

lycopersicum L.). Genes 11, 1186. 

https://doi.org/10.3390/genes11101186 

https://doi.org/10.3390/genes14040824
https://doi.org/10.3892/wasj.2020.32
https://doi.org/10.1155/2010/757512
https://doi.org/10.1016/j.egg.2024.100236
https://www.google.com/search?q=https://doi.org/10.3390/mps4010001
https://doi.org/10.3390/ijms22084139
https://doi.org/10.3390/genes11050510
https://doi.org/10.1186/s12870-024-05047-y
https://doi.org/10.1186/s12870-024-05047-y
https://doi.org/10.1038/nrg2808
https://www.google.com/search?q=https://doi.org/10.3390/genes11101186


J. Phys. Biomed. Biol. Sci. 2025; Volume, 5: 53                                                                                       Sher et al., (2026)         

15 

 

Tranbarger, T. J., Dussert, S., Joët, T., Argout, X., 

Summo, M., Champion, A., Cros, D., Omore, 

A., Nouy, B., and Morcillo, F. (2011). 

Regulatory mechanisms underlying oil palm 

fruit mesocarp maturation, ripening, and 

functional specialization in lipid and carotenoid 

metabolism. Plant physiology 156, 564-

584.https://doi.org/10.1104/pp.111.175141 

Wang, D., Liu, F., Wang, L., Huang, S., and Yu, J. 

(2011). Nonsynonymous substitution rate (Ka) 

is a relatively consistent parameter for defining 

fast-evolving and slow-evolving protein-coding 

genes. Biology Direct 6, 13. 

Wang, Q., Reddy, V. A., Panicker, D., Mao, H. Z., 

Kumar, N., Rajan, C., Venkatesh, P. N., Chua, 

N. H., and Sarojam, R. (2016). Metabolic 

engineering of terpene biosynthesis in plants 

using a trichome‐specific transcription factor Ms 

YABBY 5 from spearmint (Mentha spicata). 

Plant biotechnology journal 14, 1619-1632.  

https://doi.org/10.1111/pbi.12525 

 Wang, W., Ma, J., Liu, H., Wang, Z., Nan, R., Zhong, 

T., Sun, M., Wang, S., Yao, Y., and Sun, F. 

(2024). Genome-wide analysis of the 

switchgrass YABBY family and functional 

characterization of PvYABBY14 in response to 

ABA and GA stress in Arabidopsis. BMC Plant 

Biology 24, 114. 

Wolters, H., and Jürgens, G. (2009). Survival of the 

flexible: hormonal growth control and 

adaptation in plant development. Nature 

Reviews Genetics 10, 305-317.  

https://doi.org/10.1038/nrg2558 

 Wu, X., Hu, X., Bao, Q., Sun, Q., Yu, P., Qi, J., 

Zhang, Z., Luo, C., Wang, Y., and Lu, W. 

(2024). Genome-wide identification and 

expression analysis of NAC gene family 

members in Seashore Paspalum under salt stress. 

Plants 13, 

3595.https://doi.org/10.3390/plants13243595 

Xia, J., Wang, D., Peng, Y., Wang, W., Wang, Q., Xu, 

Y., Li, T., Zhang, K., Li, J., and Xu, X. (2021). 

Genome-wide analysis of the YABBY 

transcription factor family in rapeseed (Brassica 

napus L.). Genes 12, 981. 

https://doi.org/10.3390/genes12070981 

Xia, Y., Luo, R., Sun, R., Yang, N., Pu, J., Gao, A., 

and Zhang, H. (2022). Genome-wide 

characterization and identification of the 

YABBY gene family in Mango (Mangifera 

indica). Diversity 14, 

861.https://doi.org/10.3390/d14100861 

Yang, Z., Gong, Q., Wang, L., Jin, Y., Xi, J., Li, Z., 

Qin, W., Yang, Z., Lu, L., and Chen, Q. (2018). 

Genome-wide study of YABBY genes in upland 

cotton and their expression patterns under 

different stresses. Frontiers in Genetics 9, 

33.https://doi.org/10.3389/fgene.2018.00033 

Ye, Y., Yang, J., Lv, W., Lu, Y., Zhang, L., Zhang, 

Y., Musha, Z., Fan, P., Yang, B., and Zhou, X. 

(2019). Screening of differentially expressed 

microRNAs of essential hypertension in Uyghur 

population. Lipids in Health and Disease 18, 98. 

Yin, S., Li, S., Gao, Y., Bartholomew, E. S., Wang, 

R., Yang, H., Liu, C., Chen, X., Wang, Y., and 

Liu, X. (2022). Genome-wide identification of 

YABBY gene family in Cucurbitaceae and 

expression analysis in cucumber (Cucumis 

sativus L.). Genes 13, 

467.https://doi.org/10.3390/genes13030467 

Yoodee, S., Peerapen, P., and Thongboonkerd, V. 

(2024). Defining physicochemical properties of 

urinary proteins that determine their inhibitory 

activities against calcium oxalate kidney stone 

formation. International Journal of Biological 

Macromolecules 279, 

135242.https://doi.org/10.1016/j.ijbiomac.2024.

135242 

Yusoff, S. (2017). Investigating reproductive 

development in Brachypodium distachyon 

focussing on the YABBY family of transcription 

factors, University of Leicester. 

Zhang, P., Gu, Z., and Li, W.-H. (2003). Different 

evolutionary patterns between young duplicate 

genes in the human genome. Genome biology 4, 

R56.https://doi.org/10.1186/gb-2003-4-9-r56 

Zhang, T., Li, C., Li, D., Liu, Y., and Yang, X. (2020). 

Roles of YABBY transcription factors in the 

modulation of morphogenesis, development, 

and phytohormone and stress responses in 

plants. Journal of Plant Research 133, 751-763. 

Zhang, T., Wu, A., Hu, X., Deng, Q., Ma, Z., and Su, 

L. (2023). Comprehensive study of rice YABBY 

gene family: evolution, expression and 

interacting proteins analysis. PeerJ 11, 

e14783.https://doi.org/10.7717/peerj.14783 

Zhao, D., Guo, Y., and Gao, Y. (2022). Natural 

selection drives the evolution of mitogenomes in 

Acrossocheilus. PloS one 17, 

e0276056.https://doi.org/10.1371/journal.pone.

0276056 

Zheng, Q., Zhao, X., Huang, Y., Zhang, M.-M., He, 

X., Ke, S., Li, Y., Zhang, C., Ahmad, S., and 

Lan, S. (2023). Genome-wide identification of 

the YABBY gene family in Dendrobium orchids 

and its expression patterns in Dendrobium 

chrysotoxum. International Journal of 

Molecular Sciences 24, 

10165.https://doi.org/10.3390/ijms241210165 

Zhou, M., and Luo, H. (2013). MicroRNA-mediated 

gene regulation: potential applications for plant 

genetic engineering. Plant molecular biology 

83, 59-75. 

Zirak, L., Khakvar, R., and Azizpour, N. (2024). The 

first draft genome sequence of Russian olive 

https://doi.org/10.1104/pp.111.175141
https://doi.org/10.1111/pbi.12525
https://doi.org/10.1038/nrg2558
https://doi.org/10.3390/plants13243595
https://doi.org/10.3390/genes12070981
https://doi.org/10.3390/d14100861
https://doi.org/10.3389/fgene.2018.00033
https://doi.org/10.3390/genes13030467
https://doi.org/10.1016/j.ijbiomac.2024.135242
https://doi.org/10.1016/j.ijbiomac.2024.135242
https://doi.org/10.1186/gb-2003-4-9-r56
https://doi.org/10.7717/peerj.14783
https://doi.org/10.1371/journal.pone.0276056
https://doi.org/10.1371/journal.pone.0276056
https://doi.org/10.3390/ijms241210165


J. Phys. Biomed. Biol. Sci. 2025; Volume, 5: 53                                                                                       Sher et al., (2026)         

16 

 

(Elaeagnus angustifolia L.) in Iran. In "Genetic 

Resources", Vol. 5, pp. 29-35. 

Zucchini, M. (2024). Growth control and productive 

aptitude of Olive tree (Olea europaea L.). 
Department of Agricultural, Food and 

Environmental Science Marche Polytechnic 

University Ancona, Italy 

Zuckerman, B., and Ulitsky, I. (2019). Predictive 

models of subcellular localization of long RNAs. 

Rna 25, 557-572. 

 

Declaration  

Data Availability statement 

All authenticated data have been included in the 

manuscript. 

Consent for publication  

Not applicable 

Declaration of Competing Interests 

The authors declare that they have no conflict of 

interest. 

Author Contribution Statement 

All authors contributed to this work. AS, MH: 

Conceptualization, Investigation, Original Draft 

Writing. MS: Supervision, Validation, Reviewing and 

Final Editing. SM: Methodology, Data Curation, 

Visualization. SHUHS, and MS: Literature Support, 

Draft Improvement. AS: Reviewing and Editing. 

MH: Writing Assistance and Figure Organization. 

Acknowledgements 

No external support or assistance was involved. All 

work reflects the efforts of the authors. 

Informed Consent 

Not applicable. 

Ethical Statement 

Not applicable 

 

 
Open Access This article is licensed under a Creative 

Commons Attribution 4.0 International License, 

Creative Commons Attribution-NonCommercial 4.0 

International License, © The Author(s) 2025   

https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

