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Introduction 

Sesame (Sesamum indicum L.) is an important oilseed crop 

belonging to the Pedaliaceae family. The genus Sesamum comprises 

several species, most of which are wild relatives distributed 

predominantly in sub-Saharan Africa, which is considered as the 

primary centre of diversity for the genus. However, the cultivated 

species S. indicum is believed to have originated in the Indian 

subcontinent. Sesame is considered the oldest oil crop, which is 

mainly grown in the tropics (1). It contributes significantly to the daily 

oil and protein needs of nearly half the global population. Sesame is 

often referred to as the ‘queen of oilseeds’ due to its high oil content, 

superior oil quality and oxidative stability (2). The proportion of PUFA 

(polyunsaturated fatty acids) in sesame oil is around 80 %, which is 

beneficial for human health, thereby surpassing all other major oil 

crops (3). Sesame is recognised for its short life cycle, high 

propagation rate, adaptability to diverse growing environments and 

substantial seed to oil ratio (4). 

Genome sequencing of sesame led to the identification of 

24148 genes, ushering in a new era of functional genomics research 

(4). Despite this advancement, the roles of many sesame genes 

remain unclear and few gene families have been thoroughly 

examined. This MADS-box gene family, which is found in animals, 

fungi and plants, is of particular importance (5). The acronym MADS 

is derived from its founding members: MCM1 from yeast, AG from 

Arabidopsis thaliana, DEF from snapdragon and SRF from humans 

(6–9). MADS-box proteins are distinguished by a DNA-binding 

domain of about 60 amino acids located at the N-terminus. These 

proteins are recognised as transcription factors involved in 

developmental processes, particularly in floral development (10). 

These MADS-box genes are known to play a crucial role in the 

"ABCDE model" of floral organ development, with different 

functional genes contributing to the formation of sepals, petals, 

stamens, carpels and ovules (11–13). MADS-box genes are divided 

into two types: types I and II (14). Most type II plant genes are present, 

which are in turn classified into three additional plant-specific 

domains, namely the I (Intervening), K (Keratin-like) and   

C (C-terminal) domains. These domains contribute to the structural 

organisation and functional specificity of the encoded proteins. (15). 

Type I genes, also known as M-type, lack the K-domain (16). Type II 

genes are further divided into MIKCc-type and MIKC*-type. Among 

type II genes, MIKC* have longer domains and more exons (17). 

MIKCc-type genes have been more extensively studied than other 

types and are classified into 11 subfamilies based on structural 

differences (5). Type I genes are subdivided into Mα, Mβ and Mγ 

subgroups and generally experience more rapid natality and 

mortality when compared to type II genes in most plants (5, 18). 
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Abstract  

Sesame (Sesamum indicum L.) is a major oilseed crop that plays a vital role in meeting the nutritional and edible oil demands of the global 
population. MADS-box genes represent an important class of transcription factors that regulate gene expression by modulating transcription 

initiation and interacting with specific cis-regulatory elements, thereby influencing plant growth, development and reproductive processes. 

However, detailed information on the MADS-box gene family in sesame remains limited, highlighting the need for in-depth genomic 
investigation. The present study aimed to identify and characterise MADS-box genes in sesame at the genome level. Multiple bioinformatics 

approaches were applied, including gene identification, structural characterisation, chromosomal mapping, domain prediction, conserved 

motif analysis, phylogenetic classification and cis-regulatory element exploration. The analysis led to the identification of 42 MADS-box genes 

in the sesame genome, which were classified into four groups: 25 MIKCc-type, 3 MIKC*-type, 12 Mα-type and 2 Mγ-type, indicating the 

predominance of type II genes. Functional annotation suggested that these genes are involved in diverse biological processes, particularly in 
plant growth, floral development and regulatory pathways. 
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 Although the sesame genome sequence is available and the 

crop holds significant importance as an oilseed, the comprehensive 

characterisation of the MADS-box gene family in S. indicum remains 

limited. This study presents a genome-wide analysis of the MADS-

box gene family in S. indicum, with a total of 42 genes identified and 

distributed across 13 chromosomes. These genes were classified 

into type I and type II groups, followed by phylogenetic comparison 

with A. thaliana to determine evolutionary relationships. Gene 

structure analysis revealed that type II genes possess more complex 

exon-intron organisation, while motif and domain analyses 

indicated functional conservation, particularly among MIKCc-type 

genes, whereas type I genes exhibited simpler structures, suggesting 

functional divergence. We hypothesise that the structural 

organisation, phylogenetic relationships and regulatory features of 

MADS-box genes in S. indicum contribute to their functional roles in 

plant growth and development, while also reflecting species-specific 

evolutionary adaptations. These findings highlight the important 

roles of MADS-box genes in plant growth and development and 

provide a valuable foundation for future functional characterisation 

and crop improvement strategies in sesame. 

 

Materials and Methods 

Identification of MADS-box genes 

The sesame genome and proteome were obtained from the NCBI 

website (4). provided the hidden Markov model (HMM) profiles for 

the SRF (type I) domain (PF00319). Using HMMER v. 3.0, MADS-box 

genes were identified in the sesame proteome by employing the 

HMM profile corresponding to the Pfam MADS-box family PF00319 

(19). This process yielded 42 MADS-box proteins as potential MADS-

box genes. To verify the accuracy of these predicted genes, their 

amino acid sequences were analysed using the simple modular 

architecture research tool (SMART) to confirm the presence of the 

MADS-box domain in all genes (20). 

Assigning the location of MADS-box genes to the 

sesame genome 

Using a GFF file obtained from the NCBI database, the physical 
locations of MADS-box genes were mapped to the 16 chromosomes 

of the sesame genome (4). An online tool called MG2C was used for 

visualising genetic maps, utilising PERL and SVG languages. This tool 

is compatible with various operating systems, with MG2C2.1 being 

the most recent version (21). 

Alignment and phylogenetic analysis of MADS-box genes 

Sesamum indicum, A. thaliana MADS-box proteins were 

downloaded from Ensembl plant and TAIR databases respectively. 

Sesame MADS-box proteins were aligned using ClustalW with                        

A. thaliana MADS-box proteins (22). Unrooted maximum-likelihood 

(ML) trees of Sesamum and Arabidopsis MADS-box proteins were 

constructed using the MEGA11 software (23). iTOL software was 

used for further visualisation. The conserved domain analysis was 

also performed using TBtools to identify the domains associated 

with the MADS-box gene family of S.indicum. 

Comparative synteny gene analysis of Sesamum indicum and 

Arabidopsis thaliana 

To investigate evolutionary relationships and similarities between              

S. indicum and A. thaliana, a synteny analysis was conducted using 

the Circoletto web server (24, 25). 

 

Conserved motif analysis 

The MEME software was used to predict conserved motifs present 

within 42 MADS-box genes of S. indicum with the following 

parameters: number of repetitions -any, maximum number of 

motifs -20, optimum motif width set to ≥6 and ≤200 (26). 

Cis-regulatory elements identification in the promoter region  

In S. indicum, the promoter regions (1 kb) were retrieved from 

Ensembl plants for every single gene of the S. indicum SRF domain. 

For in silico analysis of promoter sequences to find cis-regulatory 

elements in the S. indicum genome, the PlantCARE database was 

used, after retrieving 1000 bp of promoter regions (27). Cis-regulatory 

element data for all genes were compiled and used to generate a 

heatmap, which was visualised using TBtools (28).  

Subcellular localisation of Sesamum indicum MADS-box 

gene family 

Subcellular localisation was predicted using the WoLFPSORT (28). 

To generate a heatmap, all subcellular localisation data were noted 

for each gene. The data was visualised as a heatmap by using the 

TB tool (28).  

 

Results  

Identification of MADS-box genes in the sesame genome 

Using SRF domain protein sequences as queries in HMM profiling 

against the sesame protein dataset, a total of 42 MADS-box proteins 

were identified. Detailed information, including locus IDs, 

transcripts, chromosomal positions, protein length, molecular 

weight, isoelectric point and GRAVY values, is provided in Tables 1 

and 2. The protein length ranged from 186 to 13280 bp, molecular 

weight ranged from 6896.09–49784.67 k Da, isoelectric point varied 

between 4.79 and 10.64 and GRAVY values ranged from -0.21 to                       

-0.929, indicating variability in physicochemical properties. 

Genomic localisation and mapping of SRF genes in 

Sesamum indicum by using the Mg2C tool 

The identified MADS-box genes were mapped onto 13 

chromosomes of the S. indicum genome (Fig. 1). The distribution 

was uneven, with the highest number of genes located on 

chromosome 8, followed by chromosomes 2 and 6. Chromosomes 

5, 7, 10 and 14 contained a single gene each, while chromosomes 1, 

4, 12, 13 and 15 contained two genes each. No genes were identified 

on chromosomes 9, 11 and 16. In several chromosomes, genes were 

observed in clusters, suggesting possible duplication events. 

Conserved domain analysis 

Domain analysis using NCBI CDD and TBtools identified a total of 18 

domains among the 42 MADS-box proteins. Among these, the SRF-

TF domain and K domain superfamily were predominantly present, 

indicating their importance in transcriptional regulation (Fig. 2). 

Comparative phylogenetic tree of Sesamum indicum and 

Arabidopsis thaliana 

To investigate evolutionary relationships, a maximum likelihood 

phylogenetic tree was constructed using MADS-box protein 

sequences from S. indicum and A. thaliana (Fig. 3). The analysis 

revealed a higher number of type II genes compared to type I genes 

in sesame. A total of 14 type I genes were identified, including 12 Mα 

and 2 Mγ subgroups, while Mβ-type genes were absent. 

Additionally, 28 type II genes were identified, comprising 25 MIKCc 

and 3 MIKC* members. 
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Gene Name Chromosome Exon no ORF length (bp) Gene length (bp) Group Subfamily 

SIN_1011302 3 6 579 1297 MIKCc ANR1 

SIN_1019617 8 2 741 832 Mα NA 

SIN_1001798 12 2 765 948 Mα NA 

SIN_1023144 8 1 1110 1110 Mα NA 

SIN_1004920 15 7 657 3940 MIKCc E 

SIN_1023145 8 1 654 654 Mα NA 

SIN_1020687 6 7 639 1956 MIKCc B-PI 

SIN_1001401 3 9 1086 4194 MIKC* NA 

SIN_1015610 6 1 189 189 MIKCc SOC1 

SIN_1023147 8 1 909 909 Mα NA 

SIN_1009098 3 7 705 1880 MIKCc B-AP3 

SIN_1026469 8 2 251 676 MIKCc E 

SIN_1022712 8 2 981 2270 Mα NA 

SIN_1024006 2 10 918 2861 MIKC* NA 

SIN_1026116 10 8 690 6574 MIKCc SVP 

SIN_1025213 15 8 690 6574 MIKCc SVP 

SIN_1020623 6 1 1368 1368 Mα NA 

SIN_1004662 13 1 654 654 Mα NA 

SIN_1017763 1 1 186 186 MIKCc SOC1 

SIN_1015232 3 1 192 192 MIKCc ANR1 

SIN_1018628 4 3 333 1700 MIKCc ANR1 

SIN_1020624 6 1 1146 11466 Mα NA 

SIN_1026472 8 2 267 591 MIKCc FLC 

SIN_1022802 8 1 714 714 Mγ NA 

SIN_1017236 2 22 2154 11023 MIKCc AGL12 

SIN_1017990 2 7 594 13280 MIKCc FLC 

SIN_1022876 8 1 741 741 Mα NA 

SIN_1011564 7 7 654 2080 MIKCc B-AP3 

SIN_1019911 8 5 513 5693 MIKCc A 

SIN_1004098 13 1 306 306 MIKCc SVP 

SIN_1026382 8 8 774 8555 MIKCc A 

SIN_1022147 3 6 546 1848 MIKCc C/D 

SIN_1001800 12 1 648 648 Mα NA 

SIN_1018255 2 6 645 4150 MIKCc A 

SIN_1019978 5 1 216 216 MIKC* NA 

SIN_1022400 6 1 234 234 MIKCc C/D 

SIN_1022844 8 2 615 1056 Mα NA 

SIN_1019318 14 2 243 420 MIKCc C/D 

SIN_1013997 1 7 726 6932 MIKCc SOC1 

SIN_1018254 2 8 717 3906 MIKCc E 

SIN_1003343 4 1 738 738 Mγ NA 

SIN_1013259 2 6 786 2056 MIKCc BS 

Table 1. List of MADS-box genes identified in the sesame genome 
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   Table 2.  Detailed properties of identified Sesamum inidcum MADS-box genes 

Transcript ID Gene Name Chromosome Location start-end Strand 
Protein molecular 

weight 
(K Da) 

pI GRAVY 

SIN_1011302.t SIN_1011302 3 20931768-20931908 Forward 21829.91 9.3 -0.64 

SIN_1019617.t SIN_1019617 8 559875-560015 Reverse 27672.08 4.79 -0.61 

SIN_1001798.t SIN_1001798 12 5001128-5001268 Forward 28406.72 4.9 -0.586 

SIN_1023144.t.cds1 SIN_1023144 8 18883412-18883552 Reverse 40637.62 8.33 -0.929 

SIN_1004920.t SIN_1004920 15 2339948-2340088 Forward 25216.66 8.78 -0.71 

SIN_1023145.t.cds1 SIN_1023145 8 18886199-18886339 Reverse 24503.91 9.1 -0.465 

SIN_1020687.t SIN_1020687 6 17833556-17833696 Reverse 24845.44 6.46 -0.744 

SIN_1001401.t SIN_1001401 3 2637594-2637701 Reverse 41320.92 6.03 -0.557 

SIN_1015610.t.cds1 SIN_1015610 6 9069730-9069870 Forward 7131.35 10.21 -0.306 

SIN_1023147.t.cds1 SIN_1023147 8 18892925-18893065 Reverse 32915.15 6.14 -0.296 

SIN_1009098.t SIN_1009098 3 23434270-23434410 Forward 27095.85 9.4 -0.778 

SIN_1026469.t SIN_1026469 8 12855864-12856004 Reverse 9493.08 10.02 -0.21 

SIN_1022712.t SIN_1022712 8 15888837-15888977 Reverse 36055.41 9046 -0.82 

SIN_1024006.t SIN_1024006 2 7661744-7661884 Reverse 34826.46 5.22 -0.561 

SIN_1026116.t SIN_1026116 10 15027474-15027596 Forward 26008.85 9.25 -0.554 

SIN_1025213.t SIN_1025213 15 8474571-8474711 Reverse 25974.37 5.69 -0.73 

SIN_1020623.t.cds1 SIN_1020623 6 18247510-18247629 Reverse 49784.67 4.93 -0.86 

SIN_1004662.t.cds1 SIN_1004662 13 2472516-2472656 Reverse 24412.81 8.94 -0.444 

SIN_1017763.t SIN_1017763 1 5787417-578755 Reverse 6896.09 10.37 -0.28 

SIN_1015232.t.cds1 SIN_1015232 3 15990328-15990468 Forward 7067.24 10.21 -0.256 

SIN_1018628.t SIN_1018628 4 2653797-2653937 Reverse 12477.28 8.76 -0.506 

SIN_1020624.t.cds1 SIN_1020624 6 18243482-18243601 Reverse 42211.83 6.39 -0.698 

SIN_1026472.t SIN_1026472 8 12841668-12841808 Reverse 9988.65 9.8 -0.341 

SIN_1022802.t.cds1 SIN_1022802 8 16549895-16550014 Reverse 26804.67 8.99 -0.651 

SIN_1017236.t SIN_1017236 2 400583-400717 Reverse 80866.97 7.15 -0.318 

SIN_1017990.t SIN_1017990 2 18414228-18414368 Reverse 22175.59 6.51 -0.314 

SIN_1022876.t.cds1 SIN_1022876 8 17167560-17167700 Forward 27314.21 5.32 -0.439 

SIN_1011564.t SIN_1011564 7 3533865-3534005 Forward 25136.7 9.3 -0.743 

SIN_1019911.t SIN_1019911 8 3081373-3081513 Reverse 19785.92 9.72 -0.665 

SIN_1004098.t.cds1 SIN_1004098 13 3957211-3957351 Reverse 11708.82 8.93 0.284 

SIN_1026382.t SIN_1026382 8 13738633-13738773 Forward 29810.67 8.33 -0.878 

SIN_1022147.t SIN_1022147 3 12168993-12169133 Reverse 21188.6 9.88 -0.634 

SIN_1001800.t.cds1 SIN_1001800 12 5010173-5010295 Forward 24321.89 9.15 -0.706 

SIN_1018255.t SIN_1018255 2 16807121-16807261 Reverse 24619.3 8.89 -0.689 

SIN_1019978.t.cds1 SIN_1019978 5 14575782-14575922 Forward 7936.38 10.64 -0.218 

SIN_1022400.t.cds1 SIN_1022400 6 23113548-23113688 Reverse 8884.13 9.93 -0.727 

SIN_1022844.t SIN_1022844 8 16869170-16869283 Reverse 22236.8 5.74 -0.548 

SIN_1019318.t SIN_1019318 14 2855413-2855553 Forward 9119.32 9.34 -0.639 

SIN_1013997.t SIN_1013997 1 17297021-17297161 Reverse 27550.32 6.57 -0.794 

SIN_1018254.t SIN_1018254 2 16815702-16815842 Reverse 27316.13 9.13 -0.695 

SIN_1003343.t.cds1 SIN_1003343 4 14269538-14269657 Reverse 26900.88 9.34 -0.589 

SIN_1013259.t SIN_1013259 2 4935406-4935537 Forward 30572.92 8.43 -0.814 
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Fig. 1. Distribution of MADS-box genes in sesame. 01–16 represent chromosomes of the sesame genome. Blue bars represent chromosomes. 
Black lines on blue bars indicate the locations of MADS-box genes on linkage groups. 

Fig. 2. Conserved domain regions of Sesamum SRF proteins. Yellow and green colours represent the SRF-TF and K-box superfamily respectively. 
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Conserved motifs investigations of Sesamum indicum 

and Arabidopsis thaliana 

Motif analysis using MEME identified 20 conserved motifs among the 
42 MADS-box proteins (Fig. 4). Genes within the same phylogenetic 

group exhibited similar motif compositions. Motif 1 corresponded to 

the conserved MADS domain and was present in all MIKC-type 

proteins. Motif 2 represented the K domain, which was 

predominantly found in type II proteins and is associated with 

protein-protein interactions. Motif 7 was identified as an alternative 

MADS domain in Mα, Mγ and MIKC* proteins. 

Synteny analysis 

Synteny analysis between S. indicum and A. thaliana revealed 

conserved gene pairs (Fig. 5). Several sesame genes showed syntenic 

relationships with corresponding Arabidopsis genes, indicating 

conserved genomic regions. Multiple gene duplication events were 

observed, suggesting their role in gene family expansion. Some gene 

pairs exhibited evidence of selection pressure following duplication. 

Cis-regulatory elements identification in Sesamum indicum 

MADS-box genes 

Promoter analysis of 1000 bp upstream regions identified 14 cis-

regulatory elements across the MADS-box genes (Fig. 6 and 

Supplementary Table 1). These elements were categorised into 

stress-responsive, growth and developmental and basal regulatory 

elements. Certain genes, such as SIN_1023147 and SIN_1022513, 

showed a higher number of cis-elements, whereas others exhibited 

fewer regulatory elements. The distribution of these elements 

suggests variability in regulatory complexity among the genes 

(Table 3). 

 

Sub-cellular localisation of Sesamum indicum MADS-box 

gene family 

Subcellular localisation prediction indicated that MADS-box proteins 
are distributed across multiple cellular compartments, including the 

nucleus, cytoplasm, mitochondria, chloroplasts, endoplasmic 

reticulum, Golgi apparatus and other organelles (Fig. 7 and 

Supplementary Table 2). Several genes, such as SIN_1024006 and 

SIN_1019617, were predominantly localised in the nucleus, 

suggesting roles in transcriptional regulation, while others were 

distributed in different cellular compartments, indicating diverse 

functional roles. 

 

Discussion 

MADS-box genes have been identified in a wide range of plant 

species, including Arabidopsis thaliana, Populus trichocarpa,                

Oryza sativa, Solanum melongena, Vitis vinifera, Malus domestica, 

Zea mays, Cucumis sativus, Glycine max, Solanum lycopersicum, 

Brachypodium distachyon, Prunus mume, Citrullus lanatus, 

chrysanthemum, eggplant, cocoa and maize (18, 29–45). The 

number and diversity of MADS-box genes vary considerably across 

species, ranging from 43 in cucumber to over 200 in maize, reflecting 

differences in genome size, duplication events and evolutionary 

history. In S. indicum, a comparatively smaller number of MADS-box 

genes were identified, including 14 type I members belonging to the 

Mα and Mγ subfamilies, while the Mβ subfamily was absent. This 

number is lower than that reported in several species such as rice, 

maize, poplar, Prunus mume, apple, Arabidopsis, chrysanthemum, 

cocoa  and soybean, but higher than in B. distachyon, watermelon 

and cucumber. Such variation is likely associated with genome 

expansion events, including gene duplication and transposon 

 

Fig. 3. Phylogenetic analysis of MADS-box proteins of Sesamum indicum and Arabidopsis thaliana. 
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Fig. 5. The syntenic regions in selected S.indicum SRF proteins by taking the A.thaliana SRF proteins as the query sequence. Blue, green, 
orange and red show 50, 75, 99.99 and 100 % similarity respectively. 

Fig. 4. Conserved motif analysis of sesame MADS-box proteins. The genes are on the left of the motif bars. Each motif is represented by a 
number in a colored box. Box length corresponds to motif length. 
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Fig. 6. The heatmap showing the presence or absence of cis-regulatory elements on the upstream promoter region of a gene. 

Cis element Function 

A BOX Cis-acting regulatory element 

ABRE Cis-acting element involved in the abscisic acid responsiveness 

ARE Cis-acting regulatory element essential for the anaerobic induction 

LTR Cis-acting element involved in low-temperature responsiveness 

G BOX Cis-acting regulatory element involved in light responsiveness 

O2 SITE Cis-acting regulatory element involved in zein metabolism regulation 

TATC Cis-acting element involved in gibberellin-responsiveness 

TCA ELEMENT Cis-acting element involved in salicylic acid responsiveness 

TCT MOTIF Part of a light-responsive element 

CGTCA Cis-acting regulatory element involved in the MeJA-responsiveness 

TC RICH Cis-acting element involved in defence and stress responsiveness 

TGACG Cis-acting regulatory element involved in the MeJA-responsiveness 

CAT BOX Cis-acting regulatory element related to meristem expression 

RY ELEMENT Cis-acting regulatory element involved in seed-specific regulation 

GCN4 Cis-regulatory element involved in endosperm expression 

Table 3. List of cis elements with corresponding regulatory functions 
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activity, whereas the comparatively smaller genome size of sesame 

may account for the reduced number of both type I and type II MADS

-box genes (14). 

 The classification of sesame MADS-box genes into type I and 

type II groups is consistent with observations in other plant species, 

indicating evolutionary conservation of this gene family (46). 

However, the absence of specific subfamilies, particularly Mβ and 

AGL6, is noteworthy. Mβ-type genes, which are present in 

Arabidopsis and S. lycopersicum (18, 29–32), have been implicated in 

female gametophyte development, although their functions remain 

only partially understood (47). Sesame contains 28 type II MADS-box 

genes comprising 25 MIKCc and 3 MIKC* members, which are also 

reported in other species such as Arabidopsis and S. lycopersicum, 

although their numbers are comparatively lower than in 

Paulownia fortuneii (48). Similarly, AGL6-clade genes, which play 

important roles in floral organ identity and the transition from 

vegetative to reproductive growth through interaction with FLC 

and FT pathways (49–51), were not identified in sesame. The 

absence of these subfamilies suggests lineage-specific gene loss or 

functional divergence and indicates that sesame may utilise 

alternative regulatory pathways to control floral development and 

flowering time. 

 Gene structure analysis revealed that type II MADS-box 

genes in sesame possess a higher number of exons compared to 

type I genes, a pattern consistent with previous reports in 

Arabidopsis, rice, maize and other plant species (18, 29, 37). The 

conserved exon-intron organisation and motif composition 

observed among type II genes suggest strong functional 

conservation, particularly in domains responsible for DNA binding 

and protein-protein interactions. In contrast, type I genes, which 

typically contain fewer or no introns, may have undergone rapid 

evolutionary changes, contributing to their functional diversification. 

These structural differences indicate that type II genes are likely 

under stronger evolutionary constraints, whereas type I genes 

exhibit greater plasticity. Multiple replication events observed 

among gene pairs suggest their origin through duplication or 

tandem duplication, while selection pressure appears to have 

influenced their subsequent evolution (34). 

 In addition to gene structure, the analysis of conserved 

motifs and cis-regulatory elements provides further insights into the 

regulatory potential of these genes. The presence of diverse cis-

regulatory elements associated with stress responsiveness and 

developmental processes suggests that sesame MADS-box genes 

are subject to complex transcriptional control. Genes with a higher 

density and diversity of cis-elements may exhibit more dynamic 

expression patterns, whereas those with fewer elements may have 

more specialised roles. The co-occurrence of stress-related and 

development-related cis-elements further implies potential cross-

talk between environmental signalling pathways and 

developmental regulation, particularly in floral organ formation. 

 

Fig. 7. Heat map representation of sesame MADS-box gene expression. The genes are on the right of the expression bars with domains 
represented at the bottom. 



SANDHYA ET AL  10     

https://plantsciencetoday.online 
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proteins supports their role as transcription factors involved in 

regulating downstream target genes. The integration of gene 

structure, conserved motifs, cis-regulatory elements and expression 

profiles suggests that sesame MADS-box genes have undergone 

functional specialisation while retaining core regulatory functions. 

Overall, although the general characteristics of MADS-box genes in 

sesame are consistent with those reported in other plant species, 

notable differences, such as the reduced gene number and the 

absence of specific subfamilies (Mβ and AGL6), underscore species-

specific evolutionary adaptations. These findings provide valuable 

insights into the regulatory mechanisms underlying floral 

development and stress responses in sesame and contribute to a 

broader understanding of MADS-box gene family evolution in plants.  

 

Conclusion  

In the present study, a total of 42 MADS-box genes were identified 

and mapped across 13 chromosomes of the sesame genome, 

comprising both type I and type II groups. Gene structure and motif 

analyses revealed that type II MADS-box genes are more abundant, 

structurally complex and likely functionally conserved compared to 

type I genes, which exhibit simpler architectures suggestive of 

evolutionary divergence. Phylogenetic analysis with Arabidopsis 

further supported the classification and evolutionary relationships of 

these genes. Notably, the absence of specific subfamilies such as Mβ 

and AGL6 indicates possible lineage-specific gene loss and highlights 

differences in regulatory mechanisms governing floral development 

in sesame. Additionally, promoter analysis suggests that these genes 

are regulated by diverse cis-elements, indicating their involvement in 

integrating developmental and stress-responsive pathways. Overall, 

this study provides a comprehensive framework for understanding 

the organisation, evolution and regulatory potential of MADS-box 

genes in sesame. Future research focusing on functional validation 

through gene expression studies, genome editing approaches and 

protein interaction analyses will be essential to elucidate their 

precise roles in plant growth, development and stress adaptation. 
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