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The wild olive tree (Olea europaea var. sylvestris) is the ancestor of all olive varieties, displaying 

remarkable adaptability to diverse climatic conditions and soil types. This iconic tree of the Mediterranean 

Basin stands out for its ability to withstand environmental stresses, such as water scarcity and temperature 

variations, playing a crucial role in the ecology, economy, and culture of the region. In this study, 42 TLP 

genes were characterized in the wild olive tree, distributed across 14 chromosomes and nine scaffolds. In 

silico analysis revealed the presence of domains associated with antifungal activity in some sequences, 

indicating their potential role in pathogen resistance. The structural diversity of OeTLP genes was explored 

through multiple alignments, conserved motifs and phenetic analysis. Correlation was observed between 

phenetic diversity, genetic structure, and motif patterns, suggesting different functions among OeTLP 

groups. Additionally, the distribution of exons and introns in the pheneticc tree provided further insights 

into the evolution of these genes. Comparative modeling of OeTLPs unveiled three-dimensional models 

with good structural quality and distinctive surface charge characteristics. This study provides a 

comprehensive understanding of the physicochemical, structural, and phenetic features of TLP genes in 

Wild Olive, contributing to knowledge about this species' response to environmental stresses and 

pathogens. 
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A oliveira selvagem (Olea europaea var. sylvestris) é a ancestral de todas as variedades de oliveira, 

exibindo notável adaptabilidade a diversas condições climáticas e tipos de solo. Essa árvore icônica da 

Bacia do Mediterrâneo destaca-se por sua capacidade de resistir a estresses ambientais, como escassez 

hídrica e variações de temperatura, desempenhando um papel crucial na ecologia, economia e cultura da 

região. Nesse estudo, foram caracterizados 42 genes de TLPs na oliveira selvagem, distribuídos em 

14 cromossomos e nove scaffolds. A análise in silico revelou a presença de domínios associados a atividade 

antifúngica em algumas sequências, indicando seu potencial papel na resistência a patógenos. A diversidade 

estrutural dos genes OeTLP foi explorada por meio de alinhamentos múltiplos, motivos conservados e 

análise filogenética. Foi observada correlação entre diversidade filogenética, estrutura genética e padrões 

de motivos, sugerindo diferentes funções entre grupos de OeTLPs. Além disso, a distribuição de éxons e 

íntrons na árvore filogenética proporcionou insights adicionais sobre a evolução desses genes. A 

modelagem comparativa das OeTLPs revelou modelos tridimensionais com boa qualidade estrutural e 

características distintas de carga superficial. Este estudo oferece uma compreensão abrangente das 

características físico-químicas, estruturais e filogenéticas dos genes TLP em Oliveira Selvagem, 

contribuindo para o conhecimento sobre a resposta dessa espécie a estresses ambientais e patógenos. 

Palavras-chave: genoma, peptídeos antimicrobianos, taumatina. 

1. INTRODUCTION 

Pathogenesis-related proteins (PR) are renowned for their relevance in conferring resistance 

to environmental stresses and are classified into 17 families (PR-1 to PR-17). Thaumatin-like 

Proteins (TLPs), belonging to the PR-5 family, are particularly notable due to their similarity to 

thaumatin found in the plant Thaumatococcus daniellii, native to West Africa [1, 2]. 



M.C.S. Alves et al., Scientia Plena 20, 095201 (2024)                                           2 

 

The TLP family consists of proteins with an average sequence length of about 207 amino 

acids, a molecular mass ranging between 18 kDa and 26 kDa, and contains eight disulfide linkages 

due to the presence of 16 cysteine (Cys) residues [3]. These characteristics render TLPs stable 

under various stress conditions, including high temperatures and pH variations [3, 4]. 

Additionally, they feature a conserved motif known as the acid cleft (REDDD), composed of 

conserved amino acids such as arginine, glutamic acid, and three aspartic acid residues, playing 

a crucial role in binding to specific receptors when TLPs are involved in antifungal activity [3-5]. 

Furthermore, TLPs exhibit a conserved signature motif, G-X-[GF]-X-C-X-T-[GA]-D-C-X(1,2)-

[GQ]-X(2,3)-C, present in most TLPs [3, 6]. 

Overexpression of TLPs in plants results in resistance to various pathogens such as 

Phytopthora infestans and Macrophomina phaseolina [7], as well as conferring resistance to 

abiotic stresses such as salinity [8] and drought [9, 10]. Further research has shown that TLPs 

play significant roles in plant physiology, including fruit ripening, seed germination e 

antimicrobial activity [3, 11, 12].  

TLPs have been identified in various plant species, including Arabidopsis thaliana [13], 

Arachis diogoi [14], Cucumis melo (L.) [15], Citrullus lanatus (Thunb.) [16], Glycine max (L.) 

[17], Hordeum vulgare [18], Oryza sativa (L.) [13], and Vitis vinifera (L.) [19]. However, TLPs 

exhibit significant diversity among different plant species and in response to different stresses, 

suggesting that their functions still require further investigation. 

Given this, to explore the diversity of TLPs, the present study investigates the TLPs of the 

wild olive tree (Olea europaea L.). This species represents one of the most iconic trees in the 

Mediterranean Basin, with significant social, economic, and ecological implications [20, 21]. The 

wild olive (var. sylvestris) is the ancestor of all olive varieties. This tree has developed a 

remarkable ability to adapt to a wide range of climatic conditions, varied altitudes, and soil types 

[22]. Additionally, it demonstrates a notable capacity to withstand water scarcity and distinct 

temperature variations [23]. 

Drastic climate changes can adversely impact olive cultivation, with predictions of warming 

and decreased precipitation in the Mediterranean in the coming decades, leading to serious 

economic and ecological implications [24, 25]. These changes are likely to result in a significant 

reduction in the suitable area for olive cultivation, given the adaptation of widely cultivated 

varieties to specific climatic conditions [21, 23]. For a better understanding of strategies favoring 

the species' adaptation, it is essential to study genes that participate, especially under adverse 

conditions, in various situations within the plant's genetic framework. 

The aim of this study was to characterize TLP genes in Wild Olive (Olea europaea var. 

sylvestris), analyzing their physicochemical characteristics, chromosomal location, gene 

structure, phenetic tree, and three-dimensional structure. 

2. MATERIAL AND METHODS 

2.1. Identification of TLPs 

The genome of Olea europaea var. sylvestris was obtained from NCBI 

(https://www.ncbi.nlm.nih.gov/, RefSeq: GCF_002742605.1). The identification of OeTLPs was 

carried out using the characterization method suggested by dos Santos-Silva et al. (2020) [26]. 

Was conducted by aligning seed sequences of TLPs available in the public UniProt database 

(https://www.uniprot.org/) with the wild olive genome database using the BLAST tool. 

The identified candidate sequences were translated using the Transdecoder tool and then 

subjected to Batch CD-Search (http://www.ncbi.nlm.nih.gov/Structure/bwrpsb/bwrpsb.cgi) and 

InterProScan (https://www.ebi.ac.uk/interpro/search/sequence/) for the identification of 

conserved domains characteristic of the TLP class. The potential presence of transmembrane 

domains (TM) and signal peptides was predicted using the TMHMM 2.0 [27] and SignalP 5.0 

[28] tools, respectively. 
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2.2. Characterization of Sequences 

The sequences that possessed the complete domain were subjected to a comprehensive 

analysis, including the assessment of protein size, isoelectric point (pI), molecular weight (MW), 

and grand average of hydropathicity (GRAVY), based on predictions provided by the ExPASy 

ProtParam service (http://web.expasy.org/protparam/). Additionally, subcellular localization was 

predicted using the ProtComp 9.0 program from Softberry Inc. (Mount Kisco, NY, USA). 

2.3. Multiple Sequence Alignment and Phenetic Analysis 

To identify conserved patterns, a multiple sequence alignment was performed using the Clustal 

Omega tool [29]. The secondary structure was obtained from the JNet Secondary Structure 

Prediction package [30]. A phenetic tree was constructed using the Neighbor-Joining (NJ) method 

with the assistance of the MEGA v.7 program [31]. The results were subsequently visualized on 

iTOL (Interactive Tree of Life) [32]. 

2.4. Gene Structure, Conserved Motif, and Chromosome Location Analysis 

The Gene Structure Display Server 2.0 (http://gsds.cbi.pku.edu.cn/) software was used to 

investigate the exon-intron organizations of TLP genes. For the identification of conserved motifs, 

the MEME 5.0.3 tool was employed. Chromosome location analysis was performed using the 

MG2C software (v2.1). 

2.5. Three-Dimensional Modeling 

Six OeTLPs were selected for generating 3D models. Initially, the homolog with the highest 

identity for each OeTLP was assessed in AlphaFold [33]. One hundred theoretical models were 

generated for each TLP sequence using the Modeller software (v.10.1) [34]. Models that best 

solved the minimum energy by consensus of solutions that best met the special modeling 

constraints were selected based on the DOPE-Score (Discrete Optimized Protein Energy) energy 

metric [35], which evaluates the likely structure of the model. 

The DOE-MBI/SAVES6.0 server was used via PROCHECK to investigate critical regions and 

stereochemical conflicts of the models [36]. Subsequently, the PROSA-Web: Protein Structure 

Analyses server was used to evaluate the folding of the models using the Z-score metric [37, 38]. 

The QMEANDisCo tool was used to assess the overall quality estimate of the theoretical models 

[39]. 

The physicochemical characterization of biomolecular solvent-solute interactions was 

performed using the APBS-PDB2PQR software suite (http://server.poisonboltzmann.org). The 

PDB2PQR algorithm was used for model preparation, and pKa parameters were calculated using 

the PROPKA algorithm for protonation state signatures at pH 7, with the Charmm force field 

[40]. The solvation energy estimate was calculated using the Poisson-Boltzmann equation, which 

simplifies the model for polar solvation energies. Structural features of TLP models based on 

conserved sites were accessed by comparing the 3D models using the PyMOL software (The 

PyMOL Molecular Graphics System, Version 2.0 Schrödinger, LLC). 

3. RESULTS 

3.1. In Silico Identification of TLP Genes Across the Genome 

In the wild olive genome, 42 TLP transcripts were identified (Table 1). The 42 TLP genes 

identified were mapped onto chromosomes or scaffolds. The TLP genes were distributed across 

14 chromosomes and nine scaffolds, with 29 and 13 TLP genes, respectively (Figure 1). 

Chromosome 8 (Chr8) harbored the highest number of TLP genes, with 4, followed by 
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chromosomes Chr2, Chr5, and Chr7, each with 3 genes, along with scaffold6670_v1. Chr10, 

Chr13, Chr15, and scaffold894 had 2 genes each, while the remaining chromosomes and scaffolds 

contained only one TLP gene. 

 
Figure 1: Distribution of OeTLP Genes on Chromosomes and Scaffolds. The scale represents megabases 

(Mb). Chromosome and scaffold numbers are indicated above each vertical bar. 

Out of the 42 genes, 7 sequences presented the GH64-TLP-SF domain, which includes 

glycoside hydrolases. Additionally, 7 of these sequences contained the Thaumatin 

domain, which is related to antifungal activity. Finally, 28 transcripts exhibited the      

TLP-PA domain, similar to the thaumatin domain, found in proteins with antifungal and 

allergenic properties. 

The majority of OeTLPs showed the presence of a N-terminal signal peptide, except 

for OeTLPs 25, 38, and 39. Out of the total 42, 34 were found in the extracellular region, 

while 4 were located in the vacuolar region and 4 in the vacuolar membrane-associated 

region. 

Regarding OeTLPs, the absence of transmembrane domains was observed in 48% of 

them, while 18 OeTLPs presented one transmembrane domain, and 4 OeTLPs exhibited 

two of these domains. Mature proteins, excluding the signal peptide, ranged in length 

from 180 (OeTLP39) to 228 (OeTLP36) amino acids (aa), with an average size of 215 aa. 

The molecular mass of the proteins varied from 18.70 kDa (OeTLP39) to 24.22 kDa 

(OeTLP40), and the isoelectric point (pI) ranged between 4.12 (OeTLP30) and 9.13 

(OeTLP12 to 23) (Table 1). 
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Table 1: Domain, Protein size (aa), molecular weight (MW), isoelectric point (pI), average 

hydropathicity index (GRAVY), transmembrane domains (TM), and subcellular localization of OeTLPs. 

Gene Gene-ID Domain 
T

M 

Length 

(aa) 
pI 

MW 

(kDa) 
GRAVY 

Subcellular 

Localization 

OeTLP1 XP_022892831.1 GH64-TLP-SF 0 202 21.95 4.76 -0.430 
Membrane bound 

Vacuolar 

OeTLP2 XP_022892832.1 GH64-TLP-SF 1 202 22.19 8.17 -0.514 

Membrane bound 

Vacuolar 

OeTLP3 XP_022881237.1 GH64-TLP-SF 1 201 21.68 8.49 -0.414 

Membrane bound 

Vacuolar 

OeTLP4 XP_022859839.1 GH64-TLP-SF 1 201 21.59 8.15 -0.409 
Membrane bound 

Vacuolar 

OeTLP5 XP_022881236.1 GH64-TLP-SF 0 204 21.75 4.79 -0.252 Vacuolar 

OeTLP6 XP_022859834.1 GH64-TLP-SF 1 200 21.69 8.58 -0.260 Vacuolar 

OeTLP7 XP_022881229.1 GH64-TLP-SF 1 205 22.43 8.32 -0.290 Vacuolar 

OeTLP8 XP_022885825.1 Thaumatin 0 213 22.90 7.55 -0.175 Extracellular 

OeTLP9 XP_022869736.1 TLP-PA 0 213 22.62 6.72 -0.090 Extracellular 

OeTLP10 XP_022890429.1 TLP-PA 2 216 22.45 4.43 -0.085 Extracellular 

OeTLP11 XP_022896086.1 TLP-PA 1 216 22.16 4.19 -0.081 Extracellular 

OeTLP12 XP_022841482.1 TLP-PA 0 219 23.19 8.92 -0.143 Extracellular 

OeTLP13 XP_022853410.1 TLP-PA 2 216 22.28 4.24 -0.097 Extracellular 

OeTLP14 XP_022850376.1 TLP-PA 0 219 23.03 8.76 -0.102 Extracellular 

OeTLP15 XP_022865367.1 TLP-PA 1 217 22.76 4.40 -0.234 Extracellular 

OeTLP16 XP_022896985.1 TLP-PA 1 212 22.71 5.31 -0.259 Vacuolar 

OeTLP17 XP_022880043.1 TLP-PA 0 223 23.12 4.55 -0.114 Extracellular 

OeTLP18 XP_022842766.1 TLP-PA 0 219 23.34 9.13 -0.216 Extracellular 

OeTLP19 XP_022842750.1 TLP-PA 0 219 23.34 9.13 -0.216 Extracellular 

OeTLP20 XP_022842743.1 TLP-PA 0 219 23.34 9.13 -0.216 Extracellular 

OeTLP21 XP_022842761.1 TLP-PA 0 219 23.34 9.13 -0.216 Extracellular 

OeTLP22 XP_022842734.1 TLP-PA 0 219 23.34 9.13 -0.216 Extracellular 

OeTLP23 XP_022842726.1 TLP-PA 0 219 23.34 9.13 -0.216 Extracellular 

OeTLP24 XP_022871089.1 TLP-PA 1 223 23.27 4.53 -0.033 Extracellular 

OeTLP25 XP_022860008.1 TLP-PA 1 220 22.77 4.67 -0.057 Extracellular 

OeTLP26 XP_022873208.1 Thaumatin 1 223 23.11 4.37 0.020 Extracellular 

OeTLP27 XP_022873207.1 Thaumatin 1 223 23.11 4.37 0.020 Extracellular 

OeTLP28 XP_022871091.1 TLP-PA 1 223 23.28 4.46 -0.033 Extracellular 

OeTLP29 XP_022879913.1 TLP-PA 1 221 22.73 4.43 -0.152 Extracellular 

OeTLP30 XP_022880476.1 TLP-PA 1 221 22.53 4.12 -0.081 Extracellular 

OeTLP31 XP_022844303.1 TLP-PA 0 223 23.12 4.77 -0.125 Extracellular 

OeTLP32 XP_022876048.1 TLP-PA 2 221 23.03 4.68 -0.181 Extracellular 

OeTLP33 XP_022876047.1 TLP-PA 2 221 23.03 4.68 -0.181 Extracellular 

OeTLP34 XP_022884720.1 TLP-PA 1 221 22.95 4.34 -0.145 Extracellular 

OeTLP35 XP_022882974.1 Thaumatin 1 222 23.45 7.87 0.022 Extracellular 

OeTLP36 XP_022873609.1 Thaumatin 0 228 24.20 7.54 -0.179 Extracellular 

OeTLP37 XP_022871100.1 TLP-PA 1 221 23.09 4.31 -0.238 Extracellular 

OeTLP38 XP_022873877.1 TLP-PA 0 220 22.98 4.18 -0.149 Extracellular 

OeTLP39 XP_022875687.1 Thaumatin 0 180 18.70 4.58 -0.365 Extracellular 

OeTLP40 XP_022872855.1 TLP-PA 0 220 24.22 8.09 -0.217 Extracellular 

OeTLP41 XP_022880772.1 Thaumatin 0 220 23.44 7.80 -0.038 Extracellular 

OeTLP42 XP_022881590.1 TLP-PA 0 223 23.93 7.32 -0.121 Extracellular 
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3.2. Multiple Alignment and Conserved Motifs of OeTLPs 

The alignment results revealed that OeTLPs exhibited 16 conserved cysteine (C) residues, with 

the exception of OeTLP39, which had 15 cysteine residues due to the protein length limitation 

(Figure 2). Additionally, the REDDD motif [Arginine (R), glutamic acid (E), and three aspartic 

acid (D) residues] was also conserved in the majority of OeTLPs. OeTLP6 and OeTLP7 showed 

substitutions in arginine to lysine (K) and in the second aspartic acid to lysine (K) and histidine 

(H). In OeTLP38, the arginine region was replaced by histidine (H). In OeTLP42, the α-helix 

region of glutamic acid was replaced by glutamine (Q), and the first aspartic acid was replaced 

by glycine (G). Sequences OeTLP5 and OeTLP40 exhibited the substitution of the third aspartic 

acid by glycine and glutamic acid. 

The alignment also presented the typical signature motif of the TLP family. The prediction of 

the secondary structure of OeTLPs indicated that the sequences had nine to fourteen β-sheets, 

along with one to three α-helices (Figure 2). 

To explore the structural diversity of OeTLP genes, we conducted an analysis and mapping of 

the distribution of exons and introns on the phenetic tree (Figure 3B). We observed that five TLP 

genes (OeTLP1, OeTLP4, OeTLP6, OeTLP25, and OeTLP42) did not have introns, while twelve 

genes contained only one intron, such as OeTLP2, OeTLP3, and OeTLP5. Thirteen genes, 

including OeTLP8, OeTLP10, and OeTLP11, exhibited two introns, while the remaining twelve 

genes (OeTLP9, OeTLP13, and OeTLP20) had three introns. 

To deepen our understanding of the structural diversity and functional characteristics of TLPs, 

we investigated motif patterns among OeTLPs (Figure 3C). Our findings revealed a total of 

18 motifs, with 10 of them being highly conserved. All OeTLPs contained motifs 1, 2, 3, 6, and 

7, with 35 of them also presenting motif 4. Motifs 5, 8, 9, and 10 were frequently identified in 

most proteins. Additionally, we noticed that some groups exhibited unique motifs, such as motif 

15 in group II and motif 17 in proteins OeTLP8 and OeTLP9 of group I, along with motifs 11 and 

18 in group IV. 

While we observed differences in motif types among groups, members belonging to the same 

group tended to share similar motif patterns. For example, OeTLP18 to OeTLP23, OeTLP11 and 

OeTLP13, and OeTLP1 to OeTLP7 exhibited similar motif patterns, suggesting the possibility of 

highly similar functions among these members. It became evident that phenetic diversity was 

correlated with genetic structure and motif patterns (Figure 3A). 
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Figure 2: Multiple sequence alignment and prediction of the secondary structure of Thaumatin amino 

acid sequences and OeTLPs. 
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Figure 3: Cluster analysis, genetic structure, and domain analysis of the OeTLP gene family. A. Phenetic 

tree of OeTLPs formed by the NJ method (bootstrap test: 1000 replicates). B. Exon-intron structures of 

OeTLP genes. C. Conserved motif patterns of OeTLPs. The 18 motifs are arranged by colors. 

3.3. Phenetic Analysis of OeTLPs 

The phenetic tree was divided into 10 paraphyletic groups based on their phenetic relationship, 

named as groups I–X (Figure 4). The highest number of TLPs was found in group X, followed by 

group VI and group IV, with 14, 10, and 7 OeTLPs, respectively. Groups I, II, and IX did not 

group any OeTLP. In groups with OeTLPs, the presence of other legume species is also observed. 
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Figure 4: Phenetic analysis generated through the NJ method (bootstrap test: 2000 replicates) of OeTLPs 

compared to TLPs from the NCBI and UniProt databases. Proteins are represented by their accession 

codes followed by the plant species. Ten groups were classified. 

3.4. Comparative Modeling of OeTLPs 

For modeling, templates with complete coverage were selected. For OeTLP4 and OeTLP10, 

the best models were from Glycine soja with 82.59% identity and Citrus unshiu with 83.26%. 

Meanwhile, for OeTLP15, a model with 71.89% identity was obtained from a TLP of Artemisia 

annua. Templates from Davidia involucrata were chosen for OeTLP23 and OeTLP31, with 

identities of 89.04% and 80.27%, respectively. The best-selected model for OeTLP42 was a TLP 

structure from Theobroma cacao with 82.06% identity. 

After stereochemical analysis of amino acid residue sequences, it was observed that over 

90.1% of amino acid residues were in favorable positions for all models (Table 2). Regarding the 

folding quality of the models, Z-Score values were observed to be approximately similar to those 

of experimentally solved models of the same size, ranging between -7.90 and -6.13. The 

estimation of global energy function by the QmeanDisCo algorithm showed global energy 

between 0.73 and 0.86, with energy peaks in loop regions. 
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Table 2: Results of the algorithms for modeling and validating the theoretical models of OeTLPs. 

TLP Template Organism Coverage Identity Ramachandran QMEANDisCo Z-score 

OeTLP4 A0A445KRA3 Glycine soja Total 82.59% 90.10% 0.86 ± 0.06 -6.52 

OeTLP10 A0A2H5NR19 Citrus unshiu Total 83.26% 91.20% 0.77 ± 0.06 -6.44 

OeTLP15 A0A2U1L7J3 

Artemisia 

annua Total 71.89% 91.55% 0.80 ± 0.06 -7.90 

OeTLP23 A0A5B6Z1K0 

Davidia 

involucrata Total 89.04% 90.72% 0.77 ± 0.06 -6.99 

OeTLP31 A0A5B6YK31 

Davidia 

involucrata Total 80.27% 90.90% 0.80 ± 0.06  -7.42 

OeTLP42 A0A061GY18 

Theobroma 

cacao Total 82.06% 92.10% 0.73 ± 0.06 -6.13 

The obtained models exhibit unique compactation and fluctuation characteristics, strongly 

influencing structural changes (Figure 5A). Through the characterization of the electrostatic 

potential map (Figure 5B), it was observed that OeTLP4 and OeTLP23 predominantly exhibited 

a basic physicochemical character (blue) on the surface, compared to models OeTLP10, 

OeTLP15, and OeTLP31, which had densely exposed acidic amino acid residues (red) on the 

electronegative cleft surface of the REDDD domain. Additionally, the OeTLP42 model showed 

a predominantly neutral physicochemical character (white), with both acidic and basic regions. 

 
 

Figure 5: Three-dimensional models of OeTLPs. A. Structure before (green) and after (magenta) 

molecular dynamics simulation with the respective distance (in nanometers) between the models and the 

position of domains represented by I, II, and III. B. The electrostatic surface potential for theoretical 

three-dimensional models of OeTLPs, where the red color indicates acidic charge, and the blue color 

indicates basic charge. 

4. DISCUSSION 

The impact of abiotic stress is evident in the environmental factors that most affect the growth 

and development of plants, triggering noteworthy physiological, biochemical, and molecular 

changes [41]. These include the accumulation of reactive oxygen species, loss of photosynthetic 

efficiency, membrane damage, among others [9, 41, 42]. 

In response to these stresses, plants commonly exhibit a systemic response, mobilizing genes 

present in different organs and tissues [42, 43]. Studies indicate the activation of various signaling 

pathways in the regulation of PR (pathogenesis-related) gene expression following abiotic stress, 

including drought and salinity conditions [44, 43]. Among the PR-5 proteins, Thaumatin-like 

proteins (TLPs) stand out for playing a crucial role in plant defense against various stresses [45, 

46].  

In the genome of wild olive, we identified 42 Thaumatin-like proteins (TLPs), compared to 

19, 37, 28, and 35 TLPs in barley, Oryza sativa, Brachypodium, and sorghum, respectively [18]; 

https://www.zotero.org/google-docs/?broken=HFDKFK
https://www.zotero.org/google-docs/?broken=HFDKFK
https://www.zotero.org/google-docs/?broken=HFDKFK
https://www.zotero.org/google-docs/?broken=tkwjlw
https://www.zotero.org/google-docs/?broken=tkwjlw
https://www.zotero.org/google-docs/?broken=tkwjlw
https://www.zotero.org/google-docs/?broken=umb9Xw
https://www.zotero.org/google-docs/?broken=umb9Xw
https://www.zotero.org/google-docs/?broken=umb9Xw
https://www.zotero.org/google-docs/?broken=2hVYYQ
https://www.zotero.org/google-docs/?broken=2hVYYQ
https://www.zotero.org/google-docs/?broken=2hVYYQ
https://www.zotero.org/google-docs/?broken=5wxKng
https://www.zotero.org/google-docs/?broken=5wxKng
https://www.zotero.org/google-docs/?broken=5wxKng
https://www.zotero.org/google-docs/?broken=5wxKng
https://www.zotero.org/google-docs/?broken=5wxKng
https://www.zotero.org/google-docs/?broken=5wxKng
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28 TLPs in Cucumis melo [15] and Arabidopsis [13]; 29 in Brassica napus [47]; 33 in Vitis 

vinifera [19]; 55 in Populus trichocarpa [6], and 56 in Vigna unguiculata [48]. This variation in 

the number of TLP-encoding genes is expected due to the significant roles of TLPs associated 

with stress response [48] and indicates considerable variation in the expansion of TLP genes 

among different plant groups [49]. 

Wild olive trees, known for their tolerance to water deficit, exhibit defense mechanisms 

triggered by TLPs during periods of stress, such as increased antioxidant enzyme activity and 

cuticle thickening to prevent transpiration, ultimately enhancing their tolerance to pathogen 

infections like anthracnose [50]. 

Previous studies highlight common characteristics of TLPs, such as acidic or basic isoelectric 

points and low molecular mass [3, 4, 51]. The identified TLPs in this study have an average length 

of 211 amino acids, with isoelectric points ranging from 4.12 to 9.13 and molecular masses 

between 18.70 kDa and 24.22 kDa. 

PR proteins, including TLPs, are distributed in various plant organs, with a predominance in 

floral buds, epidermis, roots, and leaves. However, the localization of TLPs may vary, being 

predicted in the extracellular region [52] or accumulated in the vacuole in response to pathogenic 

attacks [53]. In this study, most TLPs were predicted in the extracellular region, while about 19% 

were predicted in the vacuole. Similar findings were reported by Tachi et al. (2009) [54], 

evaluating TLP expression in soybean (Glycine max) roots under saline stress, where the majority 

of TLPs were predicted in the extracellular region (while others remained in the vacuole), as well 

as in upland cotton (Gossypium hirsutum) under drought [55]. 

Most OeTLPs presented a N-terminal signal peptide and at least one transmembrane domain, 

as observed in cotton [55] and melon [15]. Such sequences are present in most TLPs and are 

crucial for directing them to secretory pathways, indicating their role in defense as extracellular 

proteins [14, 47]. 

The identified OeTLPs exhibited conserved domains Thaumatin, TLP-PA, and the GH64-

TLP-SF superfamily, showing high similarity to thaumatin, as reported in Populus szechuanica 

under infection by the fungus Melampsora laricis-populina [56]. 

Alignment of OeTLPs revealed 16 highly conserved cysteine residues in most sequences, 

responsible for disulfide bridge formation, allowing correct folding and conferring stability to the 

protein [57]. The alignment also showed amino acids highly conserved and corresponding to the 

signature motif (G-X-[GF]-X-C-X-T-[GA]-D-C-X(1,2)-[GQ]-X(2,3)-C) present throughout the 

PR-5 protein family [48, 54]. 

The REDDD motif (arginine (R), glutamic acid (E), and three aspartic acid residues (D)) was 

present in most OeTLPs. Some OeTLPs showed substitutions in the REDDD motif, resulting in 

variations in protein surface topology and electrostatic potential, indicating functional specificity 

of these TLPs. This motif is essential for TLP stability under stress conditions [58-60]. Several 

studies have reported the presence of such motifs in TLPs from various species, such as 

Arabidopsis and rice [61], melon [15], and grape [19]. 

The secondary structure of OeTLPs revealed up to three α-helices and nine to fourteen                 

β-sheets. In melon, TLPs had up to four α-helices and fourteen β-sheets [15]. Typically, TLPs 

have this structure with a predominance of β-sheets, which are crucial for their function and 

stability [3]. 

Due to the composition of their sequences, TLP proteins are paraphyletic, originating from 

10 common ancestors before the differentiation of monocots and dicots [13, 62]. In this study, 

OeTLPs and TLPs from other species were distributed into 10 groups, relatively dispersed, similar 

to results obtained in Arabidopsis [3], cotton [55], and melon [15]. 

The dispersed distribution of OeTLPs in groups indicates structural and functional similarities 

with TLPs from other species, as described by Wang et al. (2011) [47]. This variation in the 

distribution of OeTLPs occurs due to the differential duplication of TLP family genes [63] and 

suggests that TLPs may play different functions under different types of stresses and plant growth 

stages [49].  

The absence of OeTLPs in groups I, II, and IX suggests that TLPs from Olea europaea var. 

sylvestris share 7 out of 10 common ancestral genes with other plants [13]. The absence of the 

TLP gene in certain groups, such as groups 1 and 2, can be attributed to genetic deletion or 

https://www.zotero.org/google-docs/?TZDPKZ
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insertion events, as suggested by the evolutionary study of gene families. The presence of only 

two species in these groups may indicate a significant evolutionary distance from other species, 

leading to divergence over time and potentially resulting in gene loss in some lineages or 

independent gene acquisition in others [64]. The evolutionary analyses also suggest that TLPs 

have evolved under purifying selection pressure, contributing to their expansion and diverse 

functions in stress responses in plants [65]. All groups composed of OeTLPs also included TLPs 

from legumes, indicating high similarity among TLPs in this family. 

The amino acid sequences of OeTLPs revealed 10 highly conserved motifs (out of 18 

predicted), and some sequences had exclusive motifs. These sequence specificities are commonly 

found in plant TLPs and demonstrate that some amino acids undergo diversification of selection 

[66]. Thus, due to the abundance of cysteines and intense preservation of the REDDD motif, 

OeTLPs exhibit high conservation, indicating functional similarity with TLPs, while molecule 

modifications suggest functional specificity [59, 60]. 

Most OeTLP models exhibited surface charge predominately composed of anionic or cationic 

residues, as observed in Musa acuminata [67] and Zea mays [58]. However, due to substitutions 

in regions of the REDDD motif, OeTLP42 exhibits a surface charge predominantly composed of 

neutral amino acid residues, suggesting a distinct function compared to other OeTLPs. 

Additionally, certain TLPs have electrically charged amino acids on their surfaces, providing 

them with specific electrostatic properties that facilitate interactions with other charged molecules 

[59, 60]. 

5. CONCLUSION 

The comprehensive analysis of Thaumatin-like proteins (TLPs) in O. europaea var. sylvestris 

has revealed significant insights into their genomic diversity, molecular structure, and potential 

functions. The presence of 42 TLPs in the genome of this species, compared to other plants, 

underscores the complexity and specific adaptation of this protein family in response to adverse 

environmental conditions. 

This study substantially contributes to the understanding of genetic regulation related to plant 

defense. The information obtained may be pivotal for the development of agricultural and 

biotechnological strategies aimed at enhancing plant resistance to adverse conditions, leading to 

significant advancements in sustainable agriculture and food security. Furthermore, it paves the 

way for future investigations into the molecular interactions and signaling mechanisms associated 

with TLPs in Olea europaea var. sylvestris. 
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