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Abstract 

Pea (Pisum sativum L.), as one of the most 

important legumes, plays a pivotal role in ensuring 

food and nutritional security in many countries. The 

genetic diversity of this species serves as a 

fundamental basis for breeding programs, 

conservation of genetic resources, and the 

development of cultivars resistant to biotic and 

abiotic stresses. This study investigates the genetic 

diversity of pea using nucleotide sequences of 

meristematic genes extracted from individuals of 

this species available in the NCBI 1  database. 

Precise characterization of this genetic diversity—

particularly within meristematic genes that play a 

key role in plant growth and development—is of 

particular significance. The primary objective of 

the study is to determine the extent and pattern of 

genetic diversity within selected meristematic 

genes in pea genotypes using sequencing data and 

bioinformatic analyses to support breeding 

improvement programs. In this study, meristematic 

gene sequences from multiple genotypes were 

collected, aligned using bioinformatic tools, and 

analyzed through phylogenetic tree construction to 

determine evolutionary relationships and genetic 

proximity among samples, thereby clarifying 

genetic structure and relatedness. Results showed 

that out of a total of 4,144 nucleotides, 52.31% 

similarity and 47.69% genetic variation were 

observed among sequences, indicating a high level 

of genetic diversity in meristematic genes. The 

phylogenetic structure revealed that some 

genotypes exhibited greater genetic proximity 

while others displayed wider evolutionary 

divergence, indicating the presence of distinct 

genetic groups. The high degree of genetic diversity 

observed can provide a suitable basis for 

identifying superior genotypes in terms of 

meristematic growth, stress tolerance, and 

agricultural performance. These findings 

underscore the importance of sequencing data and 

bioinformatic analyses for improving our 

understanding of genetic structure, enhancing pea 

breeding programs, and developing strategies for 

the conservation and utilization of genetic resources 

in similar crop species. 

Keywords: Pisum sativum, Genetic Variation, 

Nucleotides, Meristem Tissue, Bioinformatics 

Introduction 

Legumes play a significant role in meeting human 

nutritional needs and represent a primary source of 

protein in developing countries. Therefore, they can 

make a substantial contribution to food production 

in these regions[1]. Evaluating the status of legume 

production is essential due to their importance in 

global nutrition and their role in designing cropping 

patterns. Pea (P. sativum L.) is an annual, bush-type 

plant belonging to the Fabaceae family, well 

adapted to cold climates, and cultivated during the 

 
1  National Center for Biotechnology Information 

 
2 Inter Simple Sequence Repeat 

cold seasons in many countries from winter to early 

summer depending on the cultivation region. This 

plant contains high levels of crude protein and 

starch and is also rich in energy[2, 3]. As one of the 

most important legumes contributing to global food 

security, peas play a vital role in both nutrition and 

agriculture. Assessment of genetic diversity in this 

species forms the foundation for breeding 

programs, conservation of genetic resources, and 

the development of cultivars resistant to biotic and 

abiotic stresses[4]. Previous studies using 

molecular markers such as ISSR2 and SSR3 have 

3 Simple Sequence Repeat 

 
 



 

37 
 

International Journal of Innovation in Agriculture Sciences and Rural Development 

Vol.5, NO.3 , P: 46-36  

Received: 19 September 2025 

Accepted: 03 April 2026 

identified considerable diversity within pea 

germplasm, highlighting the need for modern 

bioinformatic approaches to achieve deeper 

analysis of this variation[5]. Although these 

methods have provided valuable information, they 

have been insufficient for precisely identifying 

genetic differences at the level of key genes. 

Meristematic genes, due to their essential roles in 

plant growth and development and in the regulation 

of cell division processes, represent a valuable 

target for identifying genetic diversity and selecting 

superior genotypes. Genetic diversity, as the 

foundation of breeding programs and plant 

adaptation to environmental conditions, is crucial 

for maintaining production stability and developing 

stress-resistant cultivars. Advances in sequencing 

technologies and bioinformatic tools have made it 

possible to investigate genetic structure and 

diversity at the level of specific genes with greater 

accuracy and detail. Nevertheless, insufficient 

information is currently available regarding the 

extent and pattern of genetic diversity in 

meristematic genes across pea genotypes, 

representing a significant gap in the genetic study 

of this species. 

Therefore, it is essential to precisely examine the 

extent and pattern of genetic diversity in pea using 

sequencing data from meristematic genes and 

bioinformatic analyses, so that these data may be 

applied in breeding programs, identification of 

resistant genotypes, and conservation of genetic 

resources. This study addresses this need by 

analyzing the genetic diversity of meristematic 

genes in pea using nucleotide data and advanced 

bioinformatic tools[6]. 

Genetic diversity is a level of biodiversity that 

encompasses all genetic characteristics within the 

genetic structure of a species and refers to the 

heterogeneous combination of genes that elicit 

different responses to environmental conditions. 

Genetic diversity is considered the most critical 

factor for the survival of organisms, including 

plants, under changing environmental conditions 

and biotic stresses. Awareness of the extent of 

hereditary variation and the genetic relationships 

among germplasm constitutes a primary 

requirement for the improvement of plant species. 

Indeed, genetic diversity forms the foundation of 

breeding studies in plant species. Given the role of 

genetic diversity in advancing the objectives of 

plant breeding programs, its identification through 

molecular and non-molecular methods is of 

significant importance[7]. 

Genetic diversity also pertains to intraspecific 

variation, including differences in DNA, which is 

essential for the adaptability and resilience of 

species and ecosystems. It plays a crucial role in 

enabling species to adjust to changing 

environments and resist environmental 

disturbances and climate change. Genetic diversity 

is also essential for successful ecological 

restoration and food security, as it supports the 

ability of species to survive under diverse 

conditions[8]. Maintaining a balance between 

conserving genetic diversity and achieving specific 

breeding objectives remains a key focus in 

conservation and agricultural practices. Genetic 

diversity results from the accumulation and 

combination of genetic mutations, which generate 

changes in genes and ultimately increase biological 

variation within populations[9]. 

A genetic mutation is a permanent alteration in one 

or more bases in the DNA sequence, which can 

affect the structure and function of the resulting 

protein. Such changes may occur as deletions, 

insertions, or substitutions of nucleotides within a 

gene, contributing to genetic diversity in living 

organisms. This phenomenon plays a significant 

role in evolution and the manifestation of diseases 
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and is therefore of considerable importance in 

genetic studies [10]. 

Nucleotides are organic molecules composed of a 

nucleoside and a phosphate group. As monomeric 

units, they form nucleic acid polymers, including 

deoxyribonucleic acid (DNA) and ribonucleic acid 

(RNA), both of which are essential biomolecules in 

all forms of life on Earth[11]. At the cellular level, 

nucleotides play a central role in metabolism, 

providing energy for many cellular functions 

through the chemical energy stored within these 

molecules[12]. Nucleotides are linked via sugar-

phosphate bonds to form the DNA and RNA chains 

(Figure 1). They constitute the foundation of cell 

division and growth processes in meristems, and 

without them, the vital activities of these actively 

dividing regions would not be possible [13]. 

 

 

 

 

 

 

Figure 1 – Nucleotide Structure 

 

The meristem is a plant tissue composed of 

embryonic cells with rapid division, responsible for 

plant growth and development. Meristematic cells, 

often referred to as plant stem cells, are 

undifferentiated cells located in specific regions of 

plants known as meristems. These cells remain in a 

meristematic state and enable the indeterminate 

growth of vascular plants. Meristematic cells are 

small, polygonal, and possess a large central 

nucleus. They typically lack vacuoles or contain 

small vacuoles and do not exhibit tissue 

specialization. These cells have thin primary cell 

walls without secondary walls and contain 

protoplasts. Additionally, they possess numerous 

mitochondria and undifferentiated plastids. In 

plants, cell division occurs exclusively within 

meristems[14, 15]. 

The function of meristems is tightly regulated by 

various genes. These genes, which play a key role 

in maintaining and regulating meristem activity, are 

known as meristematic genes. They are involved in 

multiple processes, including maintaining meristem 

cell identity, regulating cell division, and 

controlling cell differentiation[13]. 

Sequencing data of meristematic genes available in 

NCBI provide structural and evolutionary 

information and allow the identification of mutation 

patterns and similarities among genotypes through 

bioinformatic and phylogenetic tools. These 

approaches not only reveal diversity within 

conserved meristematic sequences but also 

determine genetic relationships among different 

ecotypes with greater accuracy than conventional 

molecular markers[4]. 

The National Center for Biotechnology Information 

(NCBI) is a branch of the United States National 

Library of Medicine. It manages tools and 

databases such as Entrez, BLAST, PubMed, and 
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GenBank. NCBI is among the world’s most 

important biological data repositories, operating 

under the National Institutes of Health (NIH)4, with 

the mission to advance scientific research, 

education, and data sharing in molecular biology, 

genetics, bioinformatics, and medicine. Integrating 

NCBI data with bioinformatic analyses enables the 

identification of superior genotypes carrying 

beneficial alleles associated with meristem growth, 

stress tolerance, and agricultural performance. Such 

analyses complement SSR- and ISSR-based studies 

and provide a robust genetic foundation for 

breeding programs[16]. 

Using NCBI data and performing sequence 

alignment allows researchers to more precisely 

identify alleles related to meristem growth and 

stress tolerance, optimize the selection of superior 

genotypes based on genetic similarities and 

differences, and integrate sequencing data with 

SSR and ISSR results for more comprehensive 

analyses[17]. 

In bioinformatics, alignment refers to the process of 

comparing and matching biological sequences such 

as DNA, RNA, or proteins to identify conserved 

regions or genetic variations. This process aids in 

detecting beneficial alleles, mutations, and genetic 

differences, which is critical for genotype analysis 

and identifying genes associated with important 

agronomic traits. Consequently, sequence 

alignment is a key bioinformatic tool that facilitates 

the integration of NCBI data, strengthens the 

genetic basis for crop improvement, and enables the 

selection of superior genotypes [18]. 

For accurate and efficient multiple sequence 

alignment, the online tool Multialin uses advanced 

algorithms to compare multiple DNA, RNA, or 

protein sequences simultaneously and presents 

results graphically. This greatly assists researchers 

 
4 National Institutes of Health 

in identifying conserved regions, functional motifs, 

and evolutionary relationships[19]. 

Literature Review 

Next-generation sequencing (NGS)5 based studies 

have enabled faster and more precise identification 

of genetic diversity in meristematic genes. For 

instance, Kreplak et al. (2019), using whole-

genome sequencing of pea, identified genetic 

regions associated with meristem growth traits and 

disease resistance, emphasizing the importance of 

utilizing genomic data for the genetic improvement 

of this species. Additionally, studies on meristem 

gene expression under varying environmental 

conditions have demonstrated that the regulation of 

these genes plays a critical role in the adaptation of 

pea to biotic and abiotic stresses[20]. These 

findings underscore the importance of detailed 

analysis of meristem gene sequences and 

expression in breeding programs aimed at 

developing more resilient cultivars. Furthermore, 

comparative analyses of meristem gene sequences 

in pea and other legumes have shown that certain 

conserved motifs and regions can serve as 

molecular markers for selecting superior 

genotypes. Overall, recent studies highlight the 

value of integrating genomic and bioinformatic data 

to identify and exploit genetic diversity in meristem 

genes of pea, positioning these approaches as 

powerful complements to traditional plant genetics 

methods[21]. 

 

Materials and Methods 

Nucleotide sequence data of meristematic genes 

present in linear mRNA of Pisum sativum L. were 

collected from the NCBI plant databases. The 

degree of similarity and variation among these 

sequences was analyzed using the Multialin 

5Next Generation Sequencing    
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website. Percent similarity and divergence were 

calculated (Figure 2). The reference identifiers for 

the collected nucleotide sequences of meristematic 

genes are as follows: 

1(FG534345.1): Pisum sativum Shoot apical meristem ESTs 

2(FG534344.1): Pisum sativum Shoot apical meristem ESTs 

3(FG534316.1): Pisum sativum Shoot apical meristem ESTs  

4(FG534298.1): Pisum sativum Shoot apical meristem ESTs 

5(FG534287.1): Pisum sativum Shoot apical meristem ESTs 

6(FG534215.1): Pisum sativum Shoot apical meristem ESTs 

7(FG534210.1): Pisum sativum Shoot apical meristem ESTs 

8(FG534199.1): Pisum sativum Shoot apical meristem ESTs 

 

 

 

Results 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 – Multiple Sequence Alignment of Pea Meristematic Gene Nucleotide Sequences 

 

The genetic diversity of Pisum sativum L. was 

analyzed through a detailed multiple sequence 

alignment (MSA) of meristematic gene nucleotide 

sequences across eight selected genotypes (Figure 

2). This alignment, performed using precise 

bioinformatic algorithms, provides an essential 

foundation for both quantitative and qualitative 

characterization of conservation patterns and 

variability in these critical plant sequences. 
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Statistical analysis and position-by-position 

examination of the aligned sequences in Figure 2 

allowed for the extraction of precise genetic 

diversity indices. The calculations were based on a 

total of 4,144 valid nucleotides aligned across all 

genotypes. 

The visual representation of the alignment in Figure 

2 reveals spatial patterns of sequence conservation 

and various nucleotide mutations according to 

bioinformatic color-coding conventions indicating 

degrees of conservation: red represents complete 

similarity, black indicates complete divergence, 

and blue denotes partial or relative similarity. 

Nucleotides colored red at a specific position across 

all eight genotypes were counted as conserved 

nucleotides, resulting in the identification of 2,168 

conserved nucleotides. The genetic conservation 

rate (C) was calculated using Formula 1: 

 

 

C(𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑠𝑖𝑚𝑖𝑙𝑎𝑟𝑖𝑡𝑦) =
(2168) 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑑𝑒𝑛𝑡𝑖𝑐𝑎𝑙

(4144) 𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑙𝑖𝑔𝑛𝑒𝑑 𝑛𝑢𝑐𝑙𝑒𝑜𝑡𝑖𝑑𝑒𝑠
× 100 = 52.31% 

 

Formula 1 – Calculation of Genetic Conservation Rate 

 

This rate indicates the presence of strongly 

conserved regions within the structure of 

meristematic genes, whose integrity must be 

maintained under natural selection pressure for 

proper biological function. 

Variable or differing nucleotides (black indicating 

complete difference and blue indicating partial 

similarity) refer to positions where, in at least one 

genotype, the nucleotide differs from the others 

(arising from substitution or insertion/deletion 

mutations). These variations encompassed a total of 

1,976 nucleotides. The genetic diversity rate (D) 

was calculated using Formula 2: 

 

D(𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑣𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛) =
(1976) 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 

(4144)𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑙𝑖𝑔𝑛𝑒𝑑 𝑛𝑢𝑐𝑙𝑒𝑜𝑡𝑖𝑑𝑒𝑠
× 100 = 47.69% 

 

Formula 2 – Calculation of Genetic Diversity Rate 

 

The observed genetic diversity rate of 47.69% 

confirms that meristematic genes possess a broad 

and significant genetic reservoir at the nucleotide 

level among the examined genotypes, with high 

potential for novel allelic variants. 

The consensus sequence, displayed at the end of the 

alignment, represents the nucleotide at each 

position with the highest frequency across the eight 

genotypes. This sequence directly confirms 

conserved regions (52.31%) and provides a 

hypothetical sequence with maximal evolutionary 

stability for the meristematic gene. It serves as a 
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primary reference for identifying nucleotide 

variants in other genotypes. 

The color patterns in Figure 2 directly illustrate 

mutation patterns. The predominance of red in 

many sequence regions clearly indicates complete 

nucleotide conservation, where nucleotides fully 

match the consensus sequence. Sudden shifts from 

red to blue or black along the sequence represent 

variable regions; in this color scheme, blue and 

black do not necessarily indicate specific 

nucleotides but denote positions where the 

nucleotide deviates from the consensus (most 

frequent) nucleotide. These color changes provide 

evidence of single-nucleotide substitutions, which 

are the principal contributors to the genetic 

diversity observed in meristematic genes. 

Notable evidence of insertion/deletion mutations is 

visible as dashes (-) in the sequences of some 

genotypes. These gaps indicate historical events of 

nucleotide insertion or deletion during the evolution 

of those genotypes. 

Comprehensive analysis of Figure 2, considering 

the high genetic diversity rate of 47.69% and the 

observed color patterns, demonstrates that the 

meristematic genes of this species harbor a broad 

and dynamic genetic reservoir. Genotypes such as 

Sample 6, which exhibit the greatest deviation from 

the consensus sequence, represent valuable sources 

of genetic variation for selection in breeding 

programs. These findings provide a solid scientific 

basis for identifying gene alleles associated with 

improved agronomic traits and enhanced tolerance 

to environmental stresses. 

 

Table 1 – Summary of Nucleotide Sequencing Results for Pea Meristematic Genes 

 

 

 

Phylogenetic Tree 

 

 

 

 

 

 

 

 

Total 

Nucleotides 

Conserved 

Nocleotides 

Variable 

Nocleotides 

Percent 

Similarity(%) 

Percent 

Variation(%) 

Database Analysis 

Tool 

4144 2168 1976 52.31% 47.69 NCBI multialin 
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Interpretation of the Phylogenetic Tree 

The phylogenetic tree illustrates the evolutionary 

relationships among the eight Pisum sativum L. 

genotypes, labeled 1 through 8. The branching 

structure (clades) indicates which genotypes are 

more closely related and which are more 

evolutionarily distant. 

Three genotypes 1, 5, and 8 form a closely related 

clade, demonstrating the highest genetic similarity, 

with their divergence originating from a relatively 

recent common ancestor. Another clade is formed 

by genotypes 2, 3, and 4. Within this group, 

genotypes 2 and 3 are the most closely related, and 

together they cluster with genotype 4, which is 

slightly more distant but still genetically close to 2 

and 3. 

Genotype 7 occupies a separate branch near the 2, 

3 and 4 clade, indicating that it shares some genetic 

similarity with this group but exhibits a greater 

genetic distance relative to the internal members of 

the clade. 

Genotype 6 is positioned on the most basal branch, 

showing the greatest genetic distance from all other 

genotypes. This placement indicates that it diverged 

earliest from the common ancestor of the group and 

is the most evolutionarily distinct among the eight 

genotypes. 

Overall, the phylogenetic tree, based on nucleotide 

sequence alignment data from Figure 2, effectively 

represents evolutionary relationships. Proximity of 

branches reflects genetic similarity, while branch 

separation indicates greater genetic divergence and 

earlier evolutionary separation. This structural 

insight is particularly valuable for plant breeding 

programs, as selecting genetically distant 

genotypes, such as genotype 6, can maximize 

genetic variation and enhance the potential for 

developing improved cultivars. 

 

 

Table 2 – Summary of Evolutionary Relationships 

Group / Genotypes Description of Genetic Relationship 

2, 3, 4 Closest relatives: 2 and 3 are most closely related, then 

cluster with 4 

7 Close to the 2, 3, 4 group but with greater genetic 

distance 

1, 5, 8 Closely clustered clade, relatively independent from 

other groups 

6 Most distant genotype relative to all others, occupying 

the earliest-diverging branch 

 

 

 

Discussion and Conclusion 

The findings of this study, based on meristematic 

gene sequencing data and advanced bioinformatic 

analyses, provide a precise depiction of the 

structure and extent of genetic diversity among 
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Pisum sativum L. genotypes. The results indicated 

that out of 4,144 nucleotides analyzed, 52.31% 

were conserved and 47.69% exhibited genetic 

variation among the genotypes, reflecting a high 

level of diversity in key genes associated with plant 

growth and development. This level of genetic 

variation, encompassing nearly half of the total 

sequence, has significant implications for breeding 

programs, identification of superior genotypes, and 

the preservation of genetic resources. 

The inclusion of a phylogenetic tree in the analysis 

allowed for a deeper examination of evolutionary 

relationships and the genetic structure of the pea 

population. The tree’s branching pattern revealed 

that some genotypes (e.g., 1, 5, and 8) clustered 

closely, demonstrating the highest genetic 

similarity, whereas others (e.g., genotype 6) formed 

a distinct branch with the greatest genetic distance 

from the rest. These patterns indicate the existence 

of distinct genetic subgroups within the pea 

population, which can be strategically used for 

parent selection in breeding programs to enhance 

genetic variation in future generations. 

Previous studies primarily using molecular markers 

such as SSR and ISSR have reported substantial 

diversity in pea germplasm[5, 6]. However, the 

present study, focusing on meristematic genes and 

nucleotide sequence analysis, revealed genetic 

differences at a more precise and targeted level. 

Furthermore, constructing a phylogenetic tree 

based on sequencing data provides higher 

resolution in identifying evolutionary relationships 

and genetic structure compared to traditional 

methods, as also highlighted in recent studies[21]. 

From a practical perspective, the observed genetic 

diversity and the identification of distinct genetic 

clusters offer valuable opportunities for plant 

breeders to select suitable parents for developing 

new cultivars with desirable traits, including 

enhanced meristematic growth, increased 

resistance to biotic and abiotic stresses, and 

improved agronomic performance. Additionally, 

the data generated in this study can serve as a 

foundation for the targeted conservation and 

management of pea germplasm. 

Overall, this research demonstrates that integrating 

genomic sequencing data with bioinformatic and 

phylogenetic analyses constitutes a powerful 

approach for identifying mutation patterns and 

exploiting genetic diversity in crop species. The 

preservation and strategic utilization of this genetic 

variation are crucial not only for improving the 

yield and stability of pea production but also for 

ensuring food security and adaptation to climate 

change. Sequencing and bioinformatic analyses 

provide a precise tool for detecting mutation 

patterns and genetic differences, offering greater 

accuracy and depth than traditional methods. 

A comprehensive understanding of meristematic 

gene function requires not only sequence analysis 

but also knowledge of the conditions under which 

these genes are active or inactive. RNA sequencing 

(RNA-seq) enables the analysis of gene expression 

patterns in meristematic tissues under various 

environmental conditions such as drought, salinity, 

heat, or cold. This approach allows the 

identification of genes that play key roles in 

environmental adaptation and can serve as targets 

for future genetic improvement. In recent years, 

integrating biological data with machine learning 

algorithms has emerged as a novel approach in 

molecular biology. These algorithms can uncover 

hidden patterns among genetic information, gene 

expression, and phenotypic traits, thereby 

accelerating and refining the selection of resilient 

and high-performing genotypes. Native genetic 

resources often harbor hidden genetic diversity and 

natural adaptations to local climates that are less 

common in domesticated varieties. Comparing 
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meristematic genes in wild and native Iranian peas 

with cultivated genotypes can reveal valuable 

alleles that have not yet been utilized and hold 

substantial potential for plant breeding. To increase 

the precision of early-stage genotype selection in 

breeding programs, gene-specific molecular 

markers based on meristematic genes can be 

designed for Marker-Assisted Selection (MAS). 

These markers, directly derived from meristematic 

gene sequences, enable targeted and scientific 

selection, allowing breeders to identify and choose 

superior genotypes without the need for prolonged 

phenotypic evaluation. 
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