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Abstract: 

Pentatricopeptide repeat (PPR) proteins make up a big group of proteins that are 
known to occur mainly in plants and take part in many processes of RNA 
metabolism in organelles, such as RNA editing, processing, translation, and 
stabilization. The activity of PPR proteins has been investigated but not their 
distribution and occurrence in the genome of chickpea (Cicer arietinum L.) What is 
why a genome-wide computational analysis was conducted in order to identify PPR 
gene family in C. arietinum. A total of 24 PPR genes were successfully identified, 
analyzed and described depending upon chromosomal localization, protein 
properties, exon-intron architecture and coding sequences. Conserved motifs were 
obtained using MEME Suite while evolutionary relationships were shown by 
phylogenetic analysis together with the information from gene structure analysis. In 
the result, important information about genomic and molecular organization, and 
evolutionary relationships and processes of PPR gene family in C. arietinum was 
received which can be used for functional characterization of PPR genes in 
chickpea. 
Keywords: PPR gene family, Cicer arietinum, genome-wide analysis, phylogenetic 
analysis, conserved motifs, gene structure. 
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INTRODUCTION 

PPR proteins are one of the most extensive 

families of organelle-targeted RNA-binding 

proteins in plants (Chen et al., 2018a). They 

have repeated sequence elements that are likely 

to participate in RNA binding and post-

transcriptional regulation. These proteins are 

responsible for many key functions, including 

RNA editing, processing, stabilization, 

translation and organellar gene expression 

(Wang et al., 2021). Plants are characterized by 

having large and diverse PPR gene families due 

to their important roles in mitochondria and 

chloroplasts (Gutmann et al., 2020). The 

diversification of PPR genes is closely 

associated with the evolution and functional 

complexity of plant organelles. Their 

evolutionary conservation and substantial 

diversity in their structure, composition of motifs, 

localization in chromosomes and subcellular 

localization makes the PPR family of great 

interest from genome-wide perspective (Xing et 

al., 2018). 

Chickpea (Cicer arietinum L.) is an economically 

significant legume crop and a major source of 

protein food supply (Varshney et al., 2021). 

Knowledge of PPR gene families in chickpea 

involved in organellar function and post-

transcriptional regulation can be helpful in 

understanding molecular biology and adaptation 

of chickpea. Comprehensive studies of plant 

gene families were conducted; however, the 

studies into PPR gene family in C. arietinum in 

terms of its properties remain important (Hao et 

al., 2021). The aim of the present study was to 

investigate the gene family of PPR in C. 

arietinum at the genome level. The analysis 

results for the identified PPR genes showed their 

sequences and physicochemical properties, 

exon-intron structure, predicted subcellular 

localization, conserved motifs, phylogenetic 

relationships, chromosomal distributions, and 

duplication events. This analysis provides 

information about the structural organization and 

evolutionary processes of the PPR gene family 

in chickpea. 

PPR proteins are part of a larger functional 

group that consists of specific proteins binding to 

RNA. These proteins have distinct domains that 

are made by the repetition of motifs, those motifs 

having the same amino-acid sequence of length 

35. Motif organization leads to two simpler 

subclasses: P-type and PLS-type. The P-type 

proteins contain only P-type repeats while PLS-

type proteins comprise of the combination of P-

type, L-type, S-type motifs and undertake the 

main task of transcript editing. The entire 

functional domain called E, which is represented 

in different versions (E-E-DYW), significantly 

adds to PPR diversity (Miglani et al., 2021; 

Gutmann et al., 2021; Wang and Tan, 2024). 

Among other regulatory proteins, the PPR 

protein family plays a critical role in 

mitochondrial and chloroplast gene expression 

processes in plants. They have various functions 

such as RNA editing, splicing, cleavage, 

stabilization, and translation (Gorchs Rovira and 

Smith, 2019; Wang et al., 2021). PPR proteins 

located in chloroplasts have special significance 

in regulating photosynthesis and chloroplast 

related RNA transcripts (He et al., 2019), 

whereas mitochondrial PPR proteins are mainly 

involved in regulating respiration- and energy 

metabolism-related RNA transcripts (Li et al., 

2025; Wang et al., 2022). The editing ability of 

the PPR proteins allows them to alter the 

process of protein manufacturing and functioning 

in organelles; at the same time, PPR proteins 

involved in splicing and stabilization of RNA 

transcripts allow achieving precise transcript 

maturation (Oldenkott et al., 2019; Small et al., 

2020). 

The growth and diversification of the PPR gene 

family result from gene duplications, sequence 

divergence, and functional specialization. 

Duplicated genes may either maintain their 

primitive functions or experience 

subfunctionalization and neofunctionalization 

(Qiao et al., 2019; Feng et al., 2023). However, 

owing to their modular structure, separate PPR 

motifs may undergo evolutionary processes that 

affect their RNA recognition specificity. 

Phylogenetic analysis, along with conserved 

motif and gene-structure analysis, sheds light on 
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the evolutionary pathways and diversification of 

PPR genes (Chen et al., 2018b). Species-

specific gene gains, losses and duplications may 

contribute to variations in the PPR family in 

different plant species (Gutmann et al., 2020). 

The structure of the genes, conserved motifs 

and the chromosomal locations can provide 

valuable information regarding the processes of 

evolution of the PPR genes. The comparison of 

exon-intron arrangement may give information 

about the degree of conservation of the structure 

but the analysis of the conserved motifs is 

concerned with pinpointing important for 

particular biological functions regions. The 

MEME Suite is commonly used for the search of 

conserved motifs in the proteins (Su et al., 

2019). In addition, the chromosomal distribution 

may reveal some patterns associated with gene 

family expansion, including tandem and 

segmental duplication (Qiao et al., 2019). Taken 

together, by combining phylogeny, gene 

structure, conserved motifs and chromosomal 

distribution it is possible to create a complete 

picture of the evolution of PPR genes. The major 

findings of previous studies on PPR gene 

families across different plant species are 

summarized in table (1). 

 

 

Table 1. Previous studies on PPR gene families in plants and their major findings. 

Plant species Study focus Major findings Relevance to present 

study 

Arabidopsis 

thaliana 

PPR gene identification and 

functional characterization 

Large PPR family involved in organellar 

RNA processing and editing 

Provides a model for PPR 

functional diversity 

Rice (Oryza 

sativa) 

Genome-wide PPR analysis PPR genes associated with chloroplast 

and mitochondrial functions 

Supports comparative 

analysis in crops 

Maize (Zea 

mays) 

PPR genes and organellar 

RNA regulation 

PPR proteins involved in RNA editing, 

processing, and fertility 

Demonstrates functional 

importance of PPR genes 

Soybean 

(Glycine max) 

Genome-wide PPR 

characterization 

Identification of diverse PPR genes with 

variable structures and localization 

Relevant legume 

comparison 

Chickpea 

(Cicer 

arietinum) 

PPR gene family 

characterization 

Identification and characterization of 

PPR genes and their molecular features 

Directly relevant to the 

present study 

Source: Data Compiled by the author from review literature. 

 

Leguminous crops, particularly chickpea (Cicer 

arietinum L.), depend on functional chloroplasts 

and mitochondria for photosynthesis, respiration 

and energy metabolism, with PPR proteins 

contributing to these organellar processes 

(Varshney et al., 2021). The availability of the 

chickpea reference genome enables genome-

wide characterization of PPR genes and their 

molecular features (Castro et al., 2024). Such 

analysis can reveal their chromosomal 

distribution, gene structure, exon–intron 

organization and potential functions in 

chloroplasts and mitochondria (Chen et al., 

2018b). 

The current study intends to conduct a wide-

ranging genome characterization of the PPR 

gene family, as well as to investigate its 

structure, function and evolution in Cicer 

arietinum L. The specific aims are:  

 To detect and characterize PPR genes from 

the genome of Cicer arietinum.  

 To analyze the physicochemical properties 

of the identified PPR proteins, including 

CDS length, length of protein, molecular 

weight and pI.  

 To analyze the exon-intron structure of the 

identified PPR gene family.  
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 To predict the cellular localization of the 

identified PPR proteins.  

 To examine the phylogenetic relationships, 

chromosomal distribution and evolution of 

the PPR gene family in Cicer arietinum L. 

 

MATERIALS AND METHODS 

Wide-Scale Genomic Identification and 

Characterization of PPR Genes in Cicer 

arietinum 

The PPR genes were identified and 

characterized using the reference genomic 

information available for Cicer arietinum L. 

Various bioinformatics resources have been 

utilized to extract the possible PPR sequences 

from chickpea genomic and protein sequences. 

Subsequently, both sequence and domain-

oriented methods have been applied for 

candidate PPR gene filtering (Xing et al., 2018). 

The candidates were then subjected to 

assessment against PPR family attributes while 

filtering out unusable or redundant sequences. 

In total, 24 PPR genes have been selected for 

the analysis. The following information has been 

gathered for each gene: gene ID, chromosome 

number, strand orientation, CDS length, protein 

Size, molecular weight, theoretical pI (isoelectric 

point), structure of introns and exons (Die et al., 

2018). While CDS length and protein size were 

obtained from the sequences accordingly, the 

molecular weight and theoretical pI were 

calculated from the amino acid sequences using 

standard methods (Gasteiger et al., 2005). This 

data set has been compiled for comparative 

analysis against selected PPR genes. 

PPR Protein Subcellular Localization and 

Promoter Analysis 

The subcellular localization of the identified PPR 

proteins was predicted through computational 

methods. Accordingly, amino acid sequences 

were analyzed to predict their localization into 

different cellular compartments. Predictions are 

made about the localization of the 24 proteins 

which were compared between the family 

members of the respective proteins. The special 

focus was paid to the mitochondrial and 

chloroplast localization due to the known 

association of PPR proteins with organellar RNA 

metabolism (Gorchs Rovira and Smith, 2019). 

The promoter regions of the identified genes in 

the PPR gene family were analyzed for the 

prediction of cis-acting elements. 

Multiple Sequence Alignment and 

Phylogenetic Analysis of PPR Proteins 

Multiple sequence alignment was performed for 

the amino acid sequences of the 24 PPR 

proteins to identify conserved and variable 

regions as well as perform phylogenetic 

analysis. The aligned sequences were then used 

to generate a phylogenetic tree to assess the 

evolutionary relationships between the identified 

PPR proteins (Tamura et al., 2021; Kumar et al., 

2024). Phylogenetic clusters were compared 

with the gene structures and conserved motifs in 

order to further study the relationship between 

the PPR proteins. 

Analysis of Gene Structure and Identification 

of Conserved Motifs 

The exon-intron structure of the PPR genes 

discovered in this study was examined for 

genomic characterization. Examination of exon 

and intron structure was conducted across the 

24 examined PPR genes. To ascertain the 

conserved motifs among the PPR genes, use of 

MEME (Multiple EM for Motif Elicitation) Suite 

was made. Sequences of protein of the identified 

PPR were made available to the MEME for motif 

identification, where a maximum of 10 motifs 

were taken into account (Subburaj et al., 2020). 

The identified motifs were analyzed regarding 

their consensus sequence, width and distribution 

among PPRs. 

Gene Duplication and Chromosomal 

Distribution of PPR Genes 

Chromosomal information regarding the 

identified PPR genes was obtained from the 
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chickpea genome annotation. The 

corresponding chromosome for each gene was 

determined using the genomic coordinates. For 

the purpose of examining the chromosomal 

distribution, the 24 PPR genes were mapped 

onto chromosomes 1-8 (Chen et al., 2018b). To 

evaluate possible duplication events, a 

comparison of both the genomic locations and 

sequence relationships of these genes was 

performed. Genes having closer sequence 

relationships and proximity in genomic locations 

were analyzed for duplication events. These 

observations were considered as possible 

causes of the diversification of the PPR gene 

family without inferring which specific 

mechanism of duplication could be responsible 

according to insufficient biological evidence 

(Zhou et al., 2025). 

 

RESULTS 

Genome-Wide Identification and 

Characterization of PPR Genes in Cicer 

arietinum 

A total of 24 PPR genes were located in the 

genome of the C. arietinum and were situated on 

8 chromosomes, specifically, starting from 

chromosome 1 to chromosome 8. 

Characteristics of the genes that were located 

vary greatly, structurally and in terms of 

chemicals. The lengths of the coding sequences 

were between 1275 and 3213 bp and the 

corresponding protein lengths ranged between 

424 and 1071 amino acids. LOC101502837 

coded for the shortest protein, while 

LOC101504413 had the largest protein in terms 

of amino acids coded. 

The theoretical pI of the proteins discovered was 

anywhere in the range between 4.83 and 9.7 

thus leading to some differences in the 

physicochemical properties of the proteins 

predicted. The molecular mass differed too and 

often matched the differences in the length of 

proteins. The structure of exons and introns 

exhibited large variations too, as 

LOC101507871 did not contain any introns and 

consisted of only one exon, while for 

LOC101513383 and LOC101500993 there were 

3 and 5 introns and 4 and 6 exons. 

It states that there exist 24 PPR genes in C. 

arietinum that are located in all 8 chromosomes, 

but they show uneven distribution across 

chromosomes. The genes are found across 

chromosomes 1-8, with chromosome 5 having 

the most number of the genes and chromosome 

2 having only 1 of them. The details of the PPR 

genes are presented in table (2), including their 

characteristics, physicochemical properties, 

genomic position and the gene structures. 

 

 

Table 2. Sequence, physicochemical, chromosomal and exon–intron characteristics of the identified PPR genes and 

their encoded proteins in Cicer arietinum. 

No. Gene Name Chr. Strand CDS 

(bp) 

Protein 

Length 

(AA) 

Protein M. 

Weight 

(kDa) 

pI No. of Intron/Exon 

1 LOC101513383 4 Forward (+) 2394 798 87.78 6.50 3 introns / 4 exons 

2 LOC101511241 5 Reverse (−) 1662 554 60.94 6.50 4 introns / 5 exons 

3 LOC101494995 8 Forward (+) 1701 567 63.50 8.50 3 introns / 4 exons 

4 LOC101510683 7 Reverse (−) 1377 458 52.26 8.31 3 introns / 4 exons 

5 LOC101505926 1 Forward (+) 2094 697 77.84 6.28 4 introns / 5 exons 

6 LOC101505319 5 Forward (+) 1887 628 82.11 7.09 4 introns / 5 exons 

7 LOC101502837 3 Forward (+) 1275 424 54.52 7.45 4 introns / 5 exons 

8 LOC101500993 6 Forward (+) 2631 876 114.09 6.72 5 introns / 6 exons 

9 LOC101500923 8 Forward (+) 1818 605 68.00 9.00 4 introns / 5 exons 

`10 LOC101500276 7 Forward (+) 2016 671 75.00 8.70 5 introns / 6 exons 
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11 LOC101498454 7 Forward (+) 2079 692 77.00 8.80 4 introns / 5 exons 

12 LOC101494932 8 Forward (+) 1701 567 63.50 8.50 3 introns / 4 exons 

13 LOC101494495 5 Forward (+) 1851 617 68.78 8.67 3 introns / 4 exons 

14 LOC101493320 5 Forward (+) 2358 786 87.96 5.97 5 introns / 6 exons 

15 LOC101492150 2 Forward (+) 2283 761 84.35 6.33 1 intron / 2 exons 

16 LOC101508684 6 Forward (+) 1575 525 60.72 6.74 1 intron / 2 exons 

17 LOC101507871 8 Forward (+) 2163 721 81.39 8.93 0 introns / 1 exon 

18 LOC101504413 1 Forward (+) 3213 1071 121.63 6.77 4–5 introns / 5–6 

exons 

19 LOC101495760 3 Forward (+) 1662 554 61.0 8.8 1–4 introns / 2–5 

exons 

20 LOC101499257 4 Forward (+) 1440 480 54.2 9.7 4–5 introns / 5–6 

exons 

21 LOC101510641 1 Forward (+) 1839 612 68.04 7.55 1 intron / 2 exons 

22 LOC101509850 5 Forward (+) 2049 682 75.48 9.20 3 introns / 4 exons 

23 LOC101498959 5 Forward (+) 2568 856 255.47 4.91 2 introns / 3 exons 

24 LOC101493436 6 Forward (+) 1434 478 383.08 4.83 2 introns / 3 exons 

 

PPR Protein Subcellular Localization and 

Cis-Acting Regulatory Element Analysis 

According to the subcellular localization study, 

different types of predictions were recorded for 

24 PPR proteins. All the proteins were expected 

to be found in different regions of the cell such 

as the nucleus, cytoplasm, mitochondria, 

vacuole, cytoskeleton, chloroplast, endoplasmic 

reticulum, Golgi apparatus and extracellular 

space. Among all studied proteins, there were 

PPR proteins predicted to localize in 

mitochondria or chloroplast with many others 

having significantly higher localization in the 

nucleus, vacuole and cytoplasm among other 

cellular compartments. The subcellular 

localization predictions for all 24 PPR proteins 

can be found in table (3). 

Cis-Acting Regulatory Element Analysis 

Analysis of the promoters of the identified PPR 

genes showed that they contain different 

putative cis-acting regulatory elements related 

with plant development, hormone 

responsiveness, light responsiveness and 

environmental and stress responses. It was 

found that besides diversity in their types, the 

regulatory elements differ from each other in 

their distribution form from gene to gene. 

 

 

Table 3. Predicted subcellular localization profiles of the identified PPR proteins in Cicer arietinum. 

No. Gene Name Nucl Cyto Mito Vacu Cysk Chlo E. R Golgi Extra 

1 LOC101513383  1  2  1  1 3 

2 LOC101511241   2   9 1  9 

3 LOC101494995 4  2   7   1 

4 LOC101510683 3  2   5   1 

5 LOC101505926    1    2  

6 LOC101505319  1  1    1 3 

7 LOC101502837   3 1  1 1  8 

8 LOC101500993  1  1   1 2  

9 LOC101500923  1  2    1 3 

10 LOC101500276    1   1 2  

11 LOC101498454  1  1    2 3 

12 LOC101494932    1    2  

13 LOC101494495  1  1   1 2  
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14 LOC101493320 6 2 5      1 

15 LOC101492150 6 1  5   1   

16 LOC101508684  1  4  1   4 

17 LOC101507871   4  1    1 

18 LOC101504413 3 1      1  

19 LOC101495760   2 1  2 2  7 

20 LOC101499257   3 1  1 1  8 

21 LOC101510641  1  3    1 1 

22 LOC101509850  1  2    1 3 

23 LOC101498959 5  2   6   1 

24 LOC101493436  1 3    1  1 

 

PPR Proteins in Cicer arietinum: 

Phylogenetic, Gene Structure and Conserved 

Motif Analysis 

The 24 identified PPR proteins were put into a 

multiple sequence alignment in order to reveal 

conserved and divergent regions of these 

proteins. The phylogenetic analysis clustered the 

PPR proteins according to their relationships, as 

noted that related proteins were clustered closer 

in terms of sequence similarity compared to the 

other branches. The relationship of phylogeny to 

gene structure and conserved motif patterns 

showed the common and different features of 

PPR proteins. The phylogeonomy and domain 

organization of the identified PPR proteins are 

shown in figure (1). 

Gene Structure Analysis 

Alignment of sequences of PPR proteins allowed 

determining conserved and varied regions of the 

proteins. Phylogenetic analyses indicated that 

the proteins clustered based on sequence 

similarity, with closely related sequences being 

more similar than those found on more distant 

branches. Combining phylogenetic images with 

the analysis of gene structural organization of 

the proteins and their conserved motifs helped 

define common and varying features of the PPR 

proteins. The phylogeny and the domain 

structure of the identified PPR proteins are 

shown in figure (2). 

Conserved Motif Analysis 

MEME Suite analysis gave rise to the discovery 

of ten conserved motifs in the 24 PPR proteins 

examined in this study. The motifs ranged from 

44 to 50 in length, whereby motifs 1, 2, 4, 7 and 

8 had a length of 50 amino acids in contrast to 

motif 3 that was 48, motif 6 and 9 had a length of 

44 amino acids and motifs 5 and 10 were 46 

amino acids long. The figure below presents the 

distribution of the studied conserved motifs in 

the found PPR proteins. 

 

 

Fig. 1. Gene structure organization of PPR 

genes in Cicer arietinum. 
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Fig. 2. Phylogenetic relationships and protein domain organization of PPR proteins in Cicer arietinum. 

In figure (3), the distribution and position of 

conserved motifs in the PPR protein sequences 

have been illustrated. While some proteins 

contain several conserved motifs, the types, 

order of appearance of each conserved motif 

differs in various proteins of the PPR family. 

Hence, there is a conservation of certain 

sequence regions of PPR proteins and 

variations in the order of motifs present in its 

protein sequences. Table (4) below provides the 

respective motifs and their distribution across 

the studied PPR protein family. 

Phylogenetic and Gene Duplication Analysis 

of the PPR Gene Family 

A phylogenetic analysis was carried out to 

determine the evolutionary connections among 

the 24 PPR proteins that were found in Cicer 

arietinum. The phylogenetic tree revealed the 

cluster arrangement of proteins according to 

their sequence similarities. Proteins grouped 

together in the same cluster exhibited closely 

related evolution, while proteins coming from 

different clusters differed more in their evolution. 

This clustering indicates that there is the 

diversification of the family of PPR proteins, 

while conserved relations exist among some 

members of the family, as evidenced in figure 

(4). 

The evolutionary relationship depicted is 

indicative of possible gene duplication events 

that may occur in the PPR gene family. The PPR 

proteins that are evolutionarily related but belong 

to the same phylogenetic clusters may suggest a 

possible duplication event followed by sequence 

divergence. Gene duplication could also explain 

the emergence and expansion of the PPR family 

in C. arietinum. Still, phylogenetic relationships 

alone cannot ascertain the type of duplication 

and the time of occurrence of such events and 

thus need to be correlated to the sequence 

similarities and genomic information. 
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More in-depth pairwise sequence similarity 

testing involving the 24 PPR proteins was done 

and represented as a heat map in figure (5). 

These results indicate a certain degree of 

sequence similarity among the PPR proteins 

with both highly similar and differentially 

sophisticated pairs. Generally, greater similarity 

levels can be attributed to the close phylogenetic 

relationship established earlier in the study and 

may provide an insight into the quantitative 

dimension of the PPR sequence similarities. 

 

 

Fig. 3. Conserved motifs of PPR proteins in Cicer arietinum shown schematically using information obtained from 

MEME Suite. 

 

Table 4. Conserved motifs identified in the PPR proteins of  Cicer arietinum using the MEME suite, with 

representative motif sequences and corresponding motif widths. 

Motif No Most suitable matches  Width 

1 QRVFNETPEKTQFSWTGMISAYARHGDYESVMGLYKEMERESCSPDSITF 50 

2 HPDIVSWNTILSGFDKSVDALNFACFMRLNGIVFDPVTYTTALSFCWDDD 50 

3 KCDVVRDAKEVFWVMSNRNVVSWTTMISIDEDDAVSLFNAMRIDGVYPND 48 

4 DVGHRIFDTMVKKHSIEPTPEHYSIMVDMLGRVGRLNEAEELMHRIPGGP 50 

5 QESKKVFEELNYQGTISWNSLISGYAQNGLYKEAFLTFLSAIKEIKPNQY 46 

6 IQMDPASSGPYVLMANLYAAKGNWEKVAQVRKGMRGRGVKKEVGFSWVDV 44 

7 CEVFIGNALVTMYSRLEELDDARRVFDEMPIRDLVSWNAMLSGYAQEGEC 50 

8 QTSFKTCSKLLHSLKHEHEHHLFDNMPHLNVSSINRSMLNFLHQNLPFQA 50 

9 NMVRQGMLLDHVSFTGAVSACGYMRNLELGKQIHGLAQKVGYGTHVAVCN 44 

10 FKACNGEFNLGSQIHGFAVSTGFVSRIAVSNSLMKMYCKADKFKCALRVF 46 

Motif analysis showed recurring sequence patterns among the analyzed proteins. The occurrence and distribution of 

individual motifs varied among members of the family. 
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Fig. 4. Phylogenetic tree showing the evolutionary relationships among the 24 PPR proteins identified in Cicer 

arietinum. 

 

Fig. 5. Pairwise sequence similarity heatmap showing the sequence relationships among the 24 PPR proteins 

identified in Cicer arietinum L. 
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In conclusion, it can be said that the combined 

analysis of phylogeny and sequence similarity 

reveals that C. arietinum PPR proteins 

demonstrate conserved evolutionary 

relationships as well as considerable 

diversification of their sequences. The closely 

related PPR proteins identified through 

phylogenetic and sequence similarity analyses 

may reflect potential duplication relationships 

followed by sequence divergence. However, 

confirmation of specific duplication events 

requires additional evidence, including genomic 

location, syntenic relationships and analyses 

capable of distinguishing between tandem and 

segmental duplication. However, the proof of 

some duplication events will require some more 

evidence such as genomic location of the 

proteins, evidence from syntenic relationships 

and criteria that will allow one to distinguish 

between tandem and segmental duplication 

types. 

 

DISCUSSION 

The investigation provides a comprehensive 

computational analysis of twenty-four PPR 

genes found in Cicer arietinum L. It was found 

that the PPR genes showed considerable 

variability in various aspects of their composition 

such as length of CDSs, properties of proteins, 

structure of exons and introns, predicted sites of 

localization, presence of conserved motifs and 

analysis of phylogeny. The changes concerning 

CDS length and length of the proteins indicate 

high diversity of the PPR genes under study. 

Particularly, the length of the proteins varied 

from 424 amino acids to 1071 that is, the longest 

protein is more than twice as long as the 

shortest one. Such kinds of changes are likely to 

be caused by differences in the number of PPR 

repeats and other functional domains of the 

proteins (Chen et al., 2018b). While differences 

in predicted molecular weight were mainly 

attributed to differences in the length of proteins, 

the observed difference may arise from different 

amino acid composition and sequence 

characteristics of the proteins analyzed. 

The theoretical pI values are indicative of the 

overall charge of the proteins which ranged from 

acidic to basic. This variation can affect the 

interactions of the concerned proteins with other 

proteins or protein RNA combinations. Despite 

the fact that calculations made based on the 

theoretical pI values lead to obtaining estimates, 

these values cannot provide us with the 

information connected to whether the PPR 

proteins function differently or not. Analysis of 

exons and introns revealed that genes of the 

PPR family have architecture that is different. 

LOC101507871 gene that has no introns and 

other genes that have different number of introns 

show that PPR genes do not follow any uniform 

organization with respect to their genes 

published. Different structures of the exons - 

intron gene architecture have helped to trace 

evolutionary pathways of the gene families with 

regard to their intron gains and losses, gene 

duplications, or sequence rearrangements (Qiao 

et al., 2019). But the method used in this 

particular study does not allow us to see the true 

reason behind those differences. 

The predicted subcellular localization analysis 

provides insight into the possible cellular 

distribution of PPR proteins. A number of PPR 

proteins appeared to be localized to 

mitochondria or chloroplasts, consistent with 

previous studies of organelle-associated PPR 

proteins in plants (Wang et al., 2021). This 

predicted localization is relevant from the 

biological perspective because plant PPR 

proteins are known to have a role in several 

processes of organelles RNA, such as RNA 

editing, processing, stabilization, splicing and 

translation. Hence, PPR proteins localized to 

mitochondria and chloroplasts could help 

discover more about their operation in the 

mechanism of regulation of organelles RNA. On 

the other hand, these predictions should be 

treated cautiously because localization score for 

the computer analysis does not mean localized 

proteins and requires experimental confirmation. 

The promoter analysis yielded different putative 

cis-acting regulatory elements involved in the 

processes of plant development, response to 
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hormones, response to light and environmental 

signal perception. This suggests that each gene 

encoding the PPR proteins has its own 

regulatory activity mechanisms. This diversity 

may lead to differential expression of the PPR 

genes. Although the presence of a cis-element 

in the promoter suggests that this element is 

functional it does not mean it is so. Therefore, 

experimental validation of promoter activity 

should be carried out. The phylogenetic analysis 

showed an evolutionary relationship between the 

24 PPR proteins. The analysis results showed 

that evolutionarily close proteins were clustered 

in one branch, while divergently evolved proteins 

were placed in different branches. Integrating 

the phylogenetic and motif analysis approaches 

makes evidence of family diversification much 

stronger than evidence based solely on the 

sequence of proteins. 

Ten conserved motifs were identified across the 

PPR protein dataset, although their presence, 

order, and distribution varied among family 

members with a length of 44 to 50 amino acids. 

The presence of repeated sequence motifs 

means that some parts of PPR proteins have 

been conserved during evolution. However, 

there is also variation in how motifs occur and 

are distributed, which signifies variation in the 

sequences among the family members. Such 

conservation and divergence correlate with the 

modularity of PPR proteins, as those proteins 

consist of repeating units of sequences that 

ensure the function of recognition of RNA and 

perform different RNA-related functions in 

organelles organelles (Yan et al., 2019). 

Nevertheless, it is not correct to assign any 

biochemical functions to the MEME motifs just 

because it found signs of conservation. MEME is 

used to find shared sequence patterns only and 

therefore the role of motifs in the functional 

analysis should be studied along with 

information derived from the analysis of 

Pfam/SMART domains, phylogenetic data, 

structural data and results of experimental 

studies. 

The presence of PPR genes across all 8 

chickpea chromosomes indicates their 

widespread existence in the genome. 

Differences in chromosomal presence may be 

due to duplication of PPR genes, chromosomal 

rearrangements, segmental duplications, or 

various retention of genes through the process 

of evolution. Duplication of genes is a key event 

in the processes when gene families evolve 

(Qiao et al., 2019). After duplication, the gene 

copies may perform the same function, differ in 

expression, or both (Feng et al., 2023). The 

repetitive and modular structure of PPR proteins 

may be among the contributing factors in the 

evolution of their capability of recognizing RNA. 

The analysis of the gene structure in 

combination with the molecular phylogeny and 

the patterns of the motifs can certainly help to 

reveal the story of evolution of the gene family. 

As for the study conducted, genes of the same 

family showed similarities in exon-intron 

organization yet differed in the motifs, which 

indicates the evolutionary possibilities of the 

family members. 

The PPR gene group analyzed reveals both 

structural conservation and molecular variation 

in Cicer arietinum. The occurrence of conserved 

motifs, as well as phylogenetic relationships, is 

indicative of conservation of some features in 

the sequence and related functions of some of 

the members of the PPR family group. 

Differences in protein size, theoretical pI, exon-

intron pattern, potential subcellular location and 

motif composition demonstrate a diversification 

among individual members of the family group 

(Xiao et al., 2018). The characterization of the 

PPR gene family in chickpea should have further 

biological and agricultural relevance as 

mitochondria and chloroplasts are responsible 

for cellular processes such as respiration, 

photosynthesis, energy metabolism, 

development and responses to environmental 

conditions (Ali et al., 2024). Therefore, the PPR 

genes described in this work may be of further 

interest in functional studies to clarify their roles 

in organellation process and plant development. 

Nonetheless, it is important to note that the 

study’s findings rely on computational analysis. 

To that end, predicted subcellular localization, 
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cis-elements, conserved motifs and potential 

duplication relationships are best understood as 

hypotheses rather than established biological 

processes. Future studies that utilize 

transcriptomic analysis, tissue-specific 

expression profiling, stress-responsive 

expression profiling, experimental methods for 

subcellular localization, RNA-binding tests, 

gene-editing technologies and functional 

complementation may provide valuable insight 

into the specific functions of PPR genes in 

chickpea. 

 

CONCLUSION 

The 24 PPR genes that were analyzed were 

distributed throughout chromosomes 1 through 8 

and exhibited significant variability in their CDS 

lengths, proteins sizes, molecular weights, 

isoelectric points, exon-intron structures, 

subcellular localizations, conserved motifs and 

phylogenetic relations. They were characterized 

by their CDS lengths and the corresponding 

proteins which varied between 1,275 to 3,213 bp 

and 424 -1,071 amino acids, respectively. The 

theoretical pI values of PPR proteins were from 

4.83 to 9.70 indicating that their physicochemical 

properties varied significantly. The analysis of 

gene structure shows that there are some 

variations in exon-intron structures thus 

indicating that comparative gene structure 

analysis has been helpful in identifying novel 

members of the PPR family; it is worth noting 

that the exon-intron structure varies from genes 

with no introns and a single exon to those with 

many exons and introns. Besides, the predicted 

subcellular localization reveals some differences 

among PPR family members in that some PPR 

proteins were predicted to be located in 

mitochondria and chloroplasts thus reflecting the 

known function of PPR proteins in organelle 

RNA metabolism. According to MEME analysis, 

there are 10 conserved motifs varying from 44 to 

50 amino acids. The fact that shared motifs are 

present in many family members indicates that 

certain features have remained unchanged in 

terms of structure or function, whereas variations 

in the composition of certain motifs demonstrate 

that the PPR family has become functionally 

more diverse. 

The established phylogenetic relationships 

based on sequences of the PPR proteins show 

that their phylogenetic grouping is accompanied 

by similarities of their exon/intron organization 

and motifs distribution, so it can be concluded 

that PPR genes have been conserved and 

evolved differently in the case of chickpeas. 

Apart from this, the presence of PPR family 

genes in all eight chromosomes proves that they 

occupy a wide area of the genome of C. 

arietinum. To summarize, the research carries 

out a thorough study of the genomic structure, 

molecular characteristics, preserved trait, and 

common evolutionary relations of PPR genes in 

chickpeas. 
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