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					ABSTRACT  

					ARTICLE INFO  

					Aerial yam (Dioscorea bulbifera) is a valuable tuber crop with numerous health benefits.  

					However, due to insufficient conservation and breeding efforts, its genetic diversity is threatened,  

					risking genetic erosion and the loss of wild relatives. This study examines genetic relationships  

					using the chloroplast matK gene. Nucleotide sequences from the NCBI database were analyzed  

					with MEGA 6 for phylogenetic and maternal lineage assessments. GC content was calculated  

					using Genscan, domain architecture was evaluated with SMART tools, and tertiary protein  

					structures were predicted via Phyre2. Phylogenetic analyses revealed distinct groupings of  

					Dioscorea species into three primary clades, with D. bulbifera positioned within the third clade,  

					indicating its conserved genetic lineage. High bootstrap values supported the robustness of the  

					phylogenetic tree, while maternal lineage analysis positioned D. bulbifera as a likely ancestral  

					clade within the genus. Guanine-cytocine content ranged from 31.78% to 32.40%, with D.  

					bulbifera showing the highest value, indicating increased molecular stability. The matK protein  

					contained two primary domain types. Most species had a single low-complexity domain, but D.  

					transversa exhibited transmembrane and low-complexity domains, and D. pseudojaponica  

					showed two low-complexity domains. Predicted protein structures revealed conserved folding  

					patterns, although D. arcuatinervis lacked beta sheets, implying adaptive divergence. This study  

					highlights the evolutionary importance of D. bulbifera and the matK gene, emphasising their  

					relevance for phylogenetics, conservation, and breeding strategies within the Dioscorea genus.  

					Future studies can employ genome-wide analyses and transcriptomics to investigate the regulatory  

					mechanisms of matK gene expression and its role in Dioscorea genus evolution and  

					biotechnology.  
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					Introduction  

					Traditional medical practices have employed D. bulbifera to address  

					The aerial yam (Dioscorea bulbifera L.), commonly called  

					the air potato, is a perennial vine belonging to the Dioscoreaceae  

					family.1,2,3 This plant is recognised for its aerial tubers, which develop  

					along the vine’s stem. Originating in the tropical regions of Asia,  

					Africa, and Australia, D. bulbifera is highly regarded for its cultural,  

					culinary, and medicinal significance.4,5 Its tubers have historically  

					served as a dietary staple and are incorporated into various dishes,  

					contributing to both food security and dietary diversity.6  

					In addition to its role as a food source, D. bulbifera has garnered  

					attention for its medicinal potential.1,7 The plant’s tubers and other parts  

					are rich in bioactive components including alkaloids, saponins,  

					flavonoids, and tannins.8,9 These substances exhibit a wide range of  

					beneficial properties, including antimicrobial, anti-inflammatory,  

					antioxidant, and anticancer activities.10  

					issues related to respiration, digestion, skin ailments, and reproductive  

					health.11,12,13,14 The plant’s prominence in traditional medicine  

					underscores its significance in local healing practices.15,16  

					Research on D. bulbifera has explored various aspects of the plant,  

					including its botanical traits, ecological adaptations, and genetic  

					diversity.3,16,17,18 One of the critical areas of study is the maturase K  

					gene (matK), a key component of the chloroplast genome in plants. This  

					gene plays an essential role in the development of photosystem II  

					(PSII), a component crucial for photosynthesis.19,20 The matK gene  

					produces the maturase K protein, which assists in the splicing of group  

					II introns in chloroplast RNA transcripts, specifically those associated  

					with PSII.21,22  

					The matK gene is particularly valuable in the realm of botanical  

					research, serving as a resource for phylogenetic studies and species  

					identification.23,24,25 Its evolutionary pace, which balances between  

					rapid change and conservation, makes it ideal for analysing  

					relationships across different taxonomic levels.26 Variations in the matK  

					sequence among plant species provide insights into evolutionary  

					patterns and genetic diversity.27 Additionally, its conserved regions  

					have enabled the design of universal primers that support Polymerise  

					Chain Reaction (PCR) amplification and sequencing across various  

					plant species.28,29 This has established the matK gene as a cornerstone  

					for DNA barcoding projects, which are pivotal for identifying and  

					cataloging plant species. Furthermore, the matK gene’s role in  

					photosynthesis and chloroplast functionality underscores its relevance  

					in studies on plant adaptation and physiology.30  
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					Computational or in silico analyses utilise advanced methods to  

					examine biological data, simulate processes, and predict molecular  

					interactions within a virtual environment.31,32,33,34 The term "in silico"  

					reflects the reliance on computer simulations for biological  

					investigations.35,36 Techniques employed in silico include sequence  

					alignment, molecular modeling, protein structure prediction,  

					phylogenetic reconstructions, and virtual screenings of compounds.37  

					These computational methods enable the processing of extensive  

					datasets, the execution of complex calculations, and the formulation of  

					hypotheses that guide experimental work.38,39 Among the advantages of  

					in silico approaches are their ability to streamline research, reduce  

					laboratory costs, and prioritise promising targets for study.32,33 These  

					methods also allow for the prediction of protein structures and  

					molecular interactions before conducting hands-on experiments.40 The  

					application of in silico techniques spans fields such as genomics,  

					proteomics, pharmacology, and systems biology, providing a powerful  

					toolset for modern biological research.32,40,41  

					Domain Architecture  

					Domain architecture of the matK gene was analysed using the Simple  

					Modular Architecture Research Tool (SMART) online tool, version 9  

					by Letunic et al., European Molecular Biology Laboratory (EMBL),  

					2020. The FASTA-formatted amino acid sequences of the matK gene,  

					retrieved from GenBank, were used for this analysis. The start and end  

					positions of the identified domains were recorded for each species  

					included in this study.34  

					Prediction of the Tertiary Protein Structure of the matK Gene  

					The tertiary protein structure (3D structure) of the matK gene in  

					Dioscorea species was predicted using Phyre2 by Kelley et al., Imperial  

					College London, 2015, based on canonical amino acid sequences  

					retrieved from NCBI. The predicted structures were used to infer  

					potential functional and structural characteristics of the matK gene  

					product.34  

					Results and Discussion  

					Although Dioscorea bulbifera offers numerous health benefits and  

					serves as an important tuber crop, its genetic diversity is increasingly at  

					risk due to limited conservation and breeding efforts. This poses a threat  

					of genetic erosion and the potential loss of landraces and wild  

					relatives.5,42 The present study centres on the matK gene, a vital segment  

					of chloroplast DNA used for plant barcoding, to explore genetic  

					relationships between D. bulbifera and related tuber species. The  

					specific objectives are to characterise the domain architectures, analyse  

					the guanine-cytosine (GC) content, evaluate the evolutionary  

					relationships and phylogenetic patterns, and predict the tertiary protein  

					structure of the matK gene in Dioscorea bulbifera and nineteen related  

					species.  

					The findings of this research hope to refine identification techniques for  

					Dioscorea species using an in-silico approach, aiding efforts to improve  

					crop yields, investigate disease resistance, and develop new cultivars  

					with enhanced nutritional or medicinal properties. Furthermore,  

					identifying closely related species with similar genetic characteristics  

					could guide future research into alternative sources of valuable  

					compounds present in D. bulbifera.  

					Dioscorea bulbifera is a crucial tuber crop valued for its significant  

					health benefits and economic contributions. However, the genetic  

					diversity of this species faces substantial threats, primarily due to  

					inadequate conservation efforts and breeding strategies. This concern  

					underscores the risk of genetic erosion, which could lead to the loss of  

					valuable landraces and wild relatives, both essential for future genetic  

					advancements.5,42 Addressing these challenges necessitates an in-depth  

					understanding of the genetic relationships within D. bulbifera and its  

					allied species, particularly through molecular approaches such as the  

					matK gene, a critical region of chloroplast DNA widely used in plant  

					barcoding and phylogenetic research.43  

					The phylogenetic analysis performed identified three primary clades  

					(Figure 1), placing the matK gene of D. bulbifera in the third clade. This  

					positioning signifies a relatively conserved genetic lineage, indicating  

					minimal evolutionary divergence among the Dioscorea species within  

					this grouping.44 The clustering patterns observed in the phylogenetic  

					tree highlight shared genetic features and evolutionary histories among  

					species in each clade, especially those closely linked to D. bulbifera.  

					High bootstrap values were observed in this study, such as 96% for D.  

					fandra and D. karanta and 99% for species in clade 1. These values  

					provide robust support for the clustering patterns and affirm genetic  

					Materials and Methods  

					45  

					Retrieval of Nucleotide and Amino Acid Sequences  

					uniformity within each clade. Hall previously noted that bootstrap  

					Nucleotide sequences of the matK gene from aerial yam (D. bulbifera  

					LC_327686.1) and nineteen related species within the genus Dioscorea  

					were utilised for this study. These related species included D. petelotii  

					(LC_327737.1), D. esculenta (LC_327692.1), D. japonica  

					(LC_327726.1), D. sansibarensis (AY_972489.1), D. communis  

					(AY_956490.1), D. arcuatinervis (AY_956479.1), D. matsudae  

					(LC_327731.1), D. birmanica (AY_956481.1), D. cirrhosa  

					(LC_327688.1), D. kratica (LC_327727.1), D. fandra (AY_956498.1),  

					D. karatana (AY_957591.1), D. transversa (KJ_629249.1), D. tabatae  

					(LC_327769.1), D. polystachya (LC_327743.1), D. glabra  

					(LC_327696.1), D. buchananii (AY_956487.1), D. hamiltonii  

					(KJ_629242.1), and D. pseudojaponica (LC_327745.1). All sequences  

					were retrieved from the GenBank database of the National Center for  

					Biotechnology Information (NCBI) in FASTA format.34  

					values below 70% are generally unreliable for determining evolutionary  

					linkages, reinforcing the reliability of the findings. This evidence  

					supports the hypothesis that matK gene sequences within the same clade  

					likely share a common evolutionary origin, with relatively limited  

					divergence over time.26  

					LC327726.1_Dioscorea_japonica_matK  

					LC327769.1_Dioscorea_tabatae_matK  

					LC327743.1_Dioscorea_polystachya_matK  

					LC327696.1_Dioscorea_glabra_matK  

					KJ629249.1_Dioscorea_transversa_matK  

					LC327745.1_Dioscorea_pseudojaponica_matK  

					LC327731.1_Dioscorea_matsudae_matK  

					LC327688.1_Dioscorea_cirrhosa_matK  

					LC327727.1_Dioscorea_kratica_matK  

					Phylogenetics and Maternal Lineage  

					KJ629242.1_Dioscorea_hamiltonii_matK  

					LC327737.1_Dioscorea_petelotii_matK  

					The phylogenetic relationships between the aerial yam and the nineteen  

					selected Dioscorea species were assessed using Molecular  

					Evolutionary Genetics Analysis (MEGA) version 6 software by Tamura  

					et al., in 2013. The downloaded nucleotide sequences were aligned  

					using the ClustalW multiple sequence alignment tool, with gaps  

					excluded. Phylogenetic trees were constructed based on 1,000 bootstrap  

					replicates to ensure robust grouping. Maternal lineage was inferred  

					using the same software.34  

					LC327692.1_Dioscorea_esculenta_matK  

					AY956481.1_Dioscorea_birmanica_matK  

					LC327686.1_Dioscorea_bulbifera_matK  

					AY956490.1_Dioscorea_communis_matK  

					AY956487.1_Dioscorea_buchananii_matK  

					AY972489.1_Dioscorea_sansibarensis_matK  

					AY956479.1_Dioscorea_arcuatinervis_matK  

					AY956498.1_Dioscorea_fandra_matK  

					AY957591.1_Dioscorea_karatana_matK  

					Estimation of Guanine-Cytosine Content of the matK Gene  

					The guanine-cytosine (G-C) content of the matK gene was determined  

					using the Genscan online software developed by Burge and Karlin,  

					Massachusetts Institute of Technology, (MIT), in 1997. The nucleotide  

					sequences in FASTA format were inputted into the software, and the  

					percentage of G-C content for each species was recorded.34  

					Figure 1: Phylogenetic relationships between Aerial yam and  

					related Dioscorea spp. determined using the matK gene  
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					Maternal lineage analysis in Figure 2 further positions the aerial yam as  

					a pivotal species within the genus's phylogenetic structure, likely  

					representing an ancestral clade.46 This suggests that D. bulbifera may  

					serve as a genetic predecessor from which other Dioscorea species have  

					diverged. The findings imply that the genetic composition of this clade  

					forms the basis for subsequent speciation and adaptive evolution within  

					the genus.46 This ancestral role is corroborated by the matK-based  

					phylogenetic tree, where D. bulbifera and related species cluster in a  

					way that points to an early divergence from a shared ancestor. The  

					observed genetic traits, such as nucleotide arrangement and protein  

					structure, appear to be conserved features retained through time, while  

					other species have accumulated changes that drive their diversification.  

					Additionally, maternal lineage analysis underscores the importance of  

					chloroplast inheritance patterns in tracing evolutionary developments.  

					The grouping of D. bulbifera in a basal or ancestral clade suggests its  

					chloroplast DNA serves as a repository of genetic diversity, potentially  

					pivotal in shaping the genus's evolutionary path.47 These insights  

					highlight the critical need to conserve the genetic diversity of D.  

					bulbifera, which may hold key information about the evolutionary  

					dynamics and ecological adaptability of Dioscorea species.  

					regions. These regions are typically conserved and fulfill essential  

					structural or functional roles, possibly shaping the evolutionary  

					trajectory of the gene. The predominance of such domains in D.  

					bulbifera suggests functional specialisation or adaptive constraints that  

					may contribute to its unique GC content.48 This observation aligns with  

					the hypothesis that GC enrichment supports essential biological  

					functions by promoting genomic stability and reducing susceptibility to  

					mutational damage. This stability is particularly significant for  

					chloroplast-encoded genes like matK, which are crucial for plant  

					development and photosynthesis.50  

					Table 1: Guanine-cytosine interactions in the matK gene of some  

					Dioscorea spp. sequences from NCBI  

					Accessions  

					(matK)Guanine-cytosine content (%)  

					Dioscorea bulbifera  

					32.40  

					Dioscorea petelotii  

					Dioscorea esculenta  

					Dioscorea japonica  

					Dioscorea sansibarensis  

					Dioscorea communis  

					Dioscorea arcuatinervis  

					Dioscorea matsudae  

					Dioscorea birmanica  

					Dioscorea cirrhosa  

					Dioscorea kratica  

					Dioscorea fandra  

					32.19  

					32.30  

					32.11  

					31.96  

					32.29  

					31.98  

					31.85  

					32.07  

					32.00  

					32.02  

					31.98  

					31.78  

					32.04  

					32.07  

					32.15  

					31.17  

					32.06  

					32.17  

					31.98  

					Dioscorea karatana  

					Dioscorea transversa  

					Dioscorea tabatae  

					Dioscorea polystachya  

					Dioscorea glabra  

					Dioscorea buchananii  

					Dioscorea hamiltonii  

					Dioscorea  

					Figure 2: The maternal lineage between Aerial yam and  

					related Dioscorea spp. determined using the matK gene  

					pseudojaponica  

					The GC content of DNA sequences varies widely among organisms and  

					is influenced by evolutionary, biochemical, and structural factors.  

					Selection pressures, mutation biases, and repair mechanisms favouring  

					specific nucleotide pairs contribute to these differences.44 This study  

					identified that the GC content of the matK gene in D. bulbifera was  

					significantly higher than that of other Dioscorea species (Table 1).  

					Guanine-cytosine content plays a significant role in DNA stability, with  

					guanine-cytosine pairs providing greater thermal and structural  

					resilience due to their three hydrogen bonds, compared to the two  

					hydrogen bonds in adenine-thymine pairs.48 The elevated GC content in  

					D. bulbifera observed in this study may be associated with greater  

					molecular stability, suggesting a reduced mutation rate in D. bulbifera.  

					This stability may reflect evolutionary pressures that have shaped the  

					species' genetic and functional resilience. This increased stability makes  

					GC-rich regions less prone to denaturation and mutation, extending  

					their functional lifespan in the genome.49 These findings are consistent  

					with Lu et al. 48, who reported that D. bulbifera plastomes exhibit a  

					conserved quadripartite structure with limited size variation, primarily  

					within intergenic spacer regions. Such structural conservation  

					reinforces the relationship between increased GC content, sequence  

					stability, and reduced evolutionary changes.  

					The domain architecture analysis of matK proteins across Dioscorea  

					species as presented in Table 2 reveals substantial structural diversity,  

					offering insights into the gene's evolutionary and functional dynamics.  

					Most species exhibited a single low-complexity domain, often linked to  

					flexible and disordered protein regions that facilitate molecular  

					interactions and adaptability.51 However, unique domain architectures  

					were observed in species such as D. transversa and D. pseudojaponica.  

					D. transversa displayed both transmembrane and low-complexity  

					domains, suggesting potential involvement in membrane-associated  

					functions or interactions, possibly with chloroplast membranes. This  

					feature may represent an evolutionary adaptation enabling the species  

					to thrive in specific ecological contexts.52 Conversely, D.  

					pseudojaponica exhibited two low-complexity domains, possibly  

					indicating functional redundancy or enhanced molecular interaction  

					capabilities. These variations in domain architecture reflect the  

					evolutionary flexibility of the matK protein, shaped by environmental  

					and functional pressures.53 Structural differences may influence the  

					gene's functionality, stability, or efficiency, providing certain species  

					with adaptive advantages in particular settings.54,55  

					Notably, D. bulbifera stands out among Dioscorea species for its  

					distinctively high GC content. This characteristic may be tied to specific  

					aspects of the matK protein, particularly the presence of low-complexity  
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					Table 2: Domain architecture of the matK gene in Aerial yam and related species  

					Accessions  

					Domain types  

					Start  

					End  

					Dioscorea bulbifera  

					Low complexity  

					100  

					161  

					Dioscorea petelotii  

					Dioscorea esculenta  

					Dioscorea japonica  

					Dioscorea sansibarensis  

					Dioscorea communis  

					Dioscorea arcuatinervis  

					Dioscorea matsudae  

					Dioscorea birmanica  

					Dioscorea cirrhosa  

					Dioscorea kratica  

					Low complexity  

					Low complexity  

					Low complexity  

					Low complexity  

					Low complexity  

					Low complexity  

					Low complexity  

					Low complexity  

					Low complexity  

					Low complexity  

					Low complexity  

					Low complexity  

					Transmembrane  

					Transmembrane  

					Transmembrane  

					Low complexity  

					Low complexity  

					Low complexity  

					Low complexity  

					Low complexity  

					Low complexity  

					Low complexity  

					Low complexity  

					150  

					150  

					150  

					150  

					150  

					151  

					150  

					152  

					150  

					150  

					151  

					151  

					139  

					176  

					216  

					326  

					150  

					150  

					150  

					150  

					150  

					150  

					150  

					161  

					161  

					161  

					161  

					161  

					162  

					161  

					163  

					161  

					161  

					162  

					162  

					161  

					195  

					235  

					337  

					161  

					161  

					161  

					161  

					161  

					161  

					161  

					Dioscorea fandra  

					Dioscorea karatana  

					Dioscorea transversa  

					Dioscorea tabatae  

					Dioscorea polystachya  

					Dioscorea glabra  

					Dioscorea buchananii  

					Dioscorea hamiltonii  

					Dioscorea pseudojaponica  

					and others, indicates a close evolutionary relationship.58 These species  

					likely share a recent common ancestor, which could explain the  

					conservation of their matK protein structures.  

					The tertiary structure analysis of the matK protein across 20 Dioscorea  

					species in Figure 3 supports the phylogenetic findings, with consistent  

					folding patterns observed. Structural elements like alpha helices, loops,  

					and coils were conserved. This structural conservation aligns with  

					previous studies, such as those by Smith and Donoghue,56 who reported  

					similar trends in matK proteins across a wide range of angiosperms. The  

					retention of these conserved structural elements underscores their  

					functional importance, likely playing a critical role in maintaining the  

					biological activity of the protein and its involvement in essential  

					physiological processes within the chloroplast.  

					The combination of high sequence similarity and conserved structural  

					features support underscores the evolutionary significance of the matK  

					gene. While deviations, such as the absence of beta sheets in specific  

					species, suggest adaptive divergence, the overall findings highlight the  

					matK gene's pivotal role in maintaining genetic and functional stability  

					across the genus. Additionally, the high bootstrap values and structural  

					conservation provide compelling evidence for the matK gene's utility in  

					elucidating phylogenetic relationships and evolutionary patterns within  

					the genus Dioscorea. Interestingly, the absence of a pronounced beta-  

					sheet in species such as D. arcuatinervis and the group including D.  

					hamiltonii, D. glabra, D. birmanica, and others, deviates from what has  

					been observed in other plant species.  

					Figure 3: Tertiary protein structures of various Dioscorea spp:  

					(A) D. bulbifera (B) D. petelotii (C) D. esculenta (D) D.  

					japonica (E) D. sansibarensis (F) D. communis (G) D. matsudae  

					(H) D. birmanica (I) D. cirrhosa (J) D. kratica (K) D. fandra  

					(L) D. arcuatinervis (M) D. karatana (N) D. transversa (O) D.  

					tabatae (P) D. polystachya (Q) D. glabra (R) D. buchananii (S)  

					D. hamiltonii (T) D. pseudojaponica.  

					57  

					According to Perczel et al. the presence of beta sheets in the matK  

					protein is generally associated with enhanced structural stability and  

					resistance to environmental stress. The lack of beta sheets in these  

					Dioscorea species might suggest an adaptive divergence where these  

					plants have evolved alternative structural mechanisms to maintain  

					protein stability, potentially reflecting different ecological adaptations  

					or evolutionary pressures. Moreover, the similarity in protein folding  

					between D. bulbifera and species such as D. esculenta, D. polystachya,  

					Yellow (β-sheet); White (extended strands); Blue (random  
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					phytochemicals: Recent advances in health benefits and  

					extraction methods. Mol. 2023;28(2): 1-41. Doi:  

					https://doi.org/10.3390/molecules28020887  

					Conclusion  

					This research emphasises the genetic diversity and evolutionary  

					importance of D. bulbifera within the genus Dioscorea, with a focus on  

					the matK gene using an in-silico approach. Phylogenetic analyses  

					revealed distinct groupings of Dioscorea species into three primary  

					clades, with D. bulbifera positioned within the third clade, indicating its  

					conserved genetic lineage. The analysis of the matK gene revealed a  

					notably higher guanine-cytosine (GC) content in D. bulbifera compared  

					to its relatives, Domain architecture and tertiary structure analyses of  

					the matK protein unveiled conserved structural features across  

					Dioscorea species. The findings underscore the matK gene's value as a  

					molecular tool for elucidating phylogenetic relationships and genetic  

					stability across Dioscorea. Future research could integrate genome-  

					wide analyses and transcriptomics to further unravel regulatory  

					mechanisms governing matK gene expression and its broader  

					implications in plant evolution and biotechnology.  
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