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 14 

The DNA binding with one ‘Zn2+’ finger (Dof) is the plant-specific TF family that includes a 15 

highly conserved Dof domain. It plays a vital role in plant growth and development, and 16 

environmental stimuli. The Dof gene family is well characterized in many plants, including 17 

Arabidopsis, but has not yet been studied in sesame. In the present study, we reported for the 18 

first-time genome-wide identification of the Dof gene family in sesame, resulting in 32 SiDof 19 

genes which are located across 12 linkage groups (LGs). The SiDof genes comprised one to 20 

five exons and zero to four introns which is comparable with Dof genes in other species. Of 32 21 

SiDof genes, about 71.88% genes were intronless. The SiDof genes were classified into six 22 

groups and exhibited evolutionary relationships with other species. Group III contained the 23 

highest number of SiDof genes (seven) while the lowest number in group V (three). There was 24 

a robust protein-protein interaction between NAC071 and two Dof proteins namely DOF5.3 25 

and DOFF5.6. A total of 1668 ‘cis-regulatory’ elements were detected in the promoter region 26 

of 32 SiDof genes. Among these, 733 were linked to the stress responses, 562 to the light 27 

responses, and 373 to the phytohormone response. The accessible transcriptome (‘RNA-seq’) 28 

data-based expression profiles shown that SiDof gens might be associated with various abiotic 29 

stresses, including drought and salinity in sesame. Nonetheless, further investigation on 30 

functionality analysis of candidate SiDof genes is required.   31 

 32 

Keywords: SiDof gene family, transcription factor, characterization, sesame 33 
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Abbreviations 35 

AA: Amino acid;  36 

ABA: Abscisic acid 37 

FPKM: Fragments per kilobase of transcript per million mapped reads 38 

GRAVY: Grand average of hydropathicity 39 

h: hour 40 

Ka: Non-synonymous substitution rate 41 

Ks: Synonymous substitution rate 42 

MW: Molecular weights 43 

LG: Linkage group 44 

pI: Isoelectric points 45 

RPKM: Reads per kilobase of transcript per million mapped reads 46 

SiDof: Sesamum indicum DNA binding with one ‘Zn2+’ finger 47 

TF: Transcription factor 48 

 49 

Introduction 50 

Transcriptional factors (TFs) play a vital role in gene expression and regulate many significant 51 

biological processes. Among these TFs, Dof (the DNA binding with one ‘Zn2+’ finger) TF 52 

family belongs to the ‘Zn2+ finger’ super-family group and is specific to plants (Yanagisawa, 53 

1995). Dof proteins are consist of 200–400 amino acid (aa) residues with a highly conserved 54 

50-52 aa residues that comprise a single ‘C2C2-type zinc-finger’ like structure (Yanagisawa 55 

and Sheen, 1998). They are consisted of two vital domains: a conserved ‘DNA-binding’ 56 

domain at the N-terminus and a C-terminal domain which is highly variable (Diaz et al., 2002). 57 

Furthermore, a bipartite nuclear localization signal (NLS) is present in Dof proteins which 58 

partially overlaps with the Dof domain, as well as a transcriptional activation domain located 59 

at the C-terminal (Yanagisawa, 2002). Many plant processes are influenced by the members of 60 

the Dof TF family, such as growth and development, seed germination, cell cycle, osmotic 61 

control, photosynthesis, leaf polarity, cryptochrome and phytochrome signaling, storage root 62 

growth, cell wall, nitrogen use efficiency, and defense responses (Yang et al., 2012) (Iwamoto 63 

et al., 2009; Kim et al., 2010; Kumar et al., 2009; Shuichi Yanagisawa, 2004; Skirycz et al., 64 

2008; Tanaka et al., 2009; Wang et al., 2017; Yanagisawa, 2002; Yanagisawa and Sheen, 1998; 65 

Yang et al., 2011). 66 

     The members Dof TF family vary in different plant species. It came to light that maize 67 

contained the very first Dof domain protein (Yanagisawa and Sheen, 1998). To date, several 68 
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potential Dof genes have been reported in a wide range photosynthetic species. For example, 69 

there are 30, 36, 28, 76, 34, 26, 78, and 46 Dof genes in rice, Arabidopsis, sorghum, Chinese 70 

cabbage, tomato, barley, soybean, and maize, respectively (Cai et al., 2013; Chen and Cao, 71 

2015; Kushwaha et al., 2011; Lijavetzky et al., 2003; Ma et al., 2015; Moreno-Risueno et al., 72 

2007; Wang et al., 2007).  73 

     Sesame (Sesamum indicum L.; 2n = 26) is one of the most important oil crops used and 74 

produced by humans around the world and a member of the Pedaliaceae family (Wei et al., 75 

2022). It is cultivated in tropics, semi-tropics as well as temperate regions of the world (Abdiani 76 

et al., 2024). This crop has a resilient adaptation to water deficit conditions (Dossa et al., 2019). 77 

The oil content of sesame is very high (nearly 35-63%) compared to other oil-bearing  seeds 78 

(Kadkhodaie et al., 2014). Besides, it consisted of various minerals, vitamins (like vitamin A, 79 

vitamin E, thiamine, riboflavin, niacin, pantothenic acid, folic acid, and ascorbic acid), fiber, 80 

protein (20-27%), carbohydrates (20-25%), and antioxidant lignans like sesamolin and sesamin 81 

(Fasuan et al., 2018; Wei et al., 2022). Globally, around 70% of sesame is used for oil 82 

extraction, and 30% for food, beverage, and confectionary industries (Baraki et al., 2020). 83 

Sesame oil confers several health benefits, including lowering the cholesterol level, reducing 84 

the blood pressure, and anticancer agents (Abdiani et al., 2024; Anilakumar et al., 2010; 85 

Elleuch et al., 2011; Wei et al., 2022).  86 

     Recent studies have demonstrated that different Dof gene family members play an important 87 

role in stress responses (biotic and abiotic stress) in several plant species (Corrales et al., 2017; 88 

Ma et al., 2015; Nan et al., 2021; Yang et al., 2017; Zhang et al., 2018; Zhou et al., 2020). For 89 

example, overexpression of AtCDF3 (a Dof gene) in Arabidopsis exhibited the enhanced 90 

resistance to osmotic stress, cold, and drought but delayed in flowering (Corrales et al., 2017). 91 

Moreover, overexpression of tomato SlCDF1 and SlCDF3 in Arabidopsis showed enhanced 92 

the salinity and drought tolerance, and delayed in flowering via modulation of flowering genes 93 

like CO and FT (Corrales et al., 2014). In watermelon, ClDof genes exhibited variations in their 94 

expression pattern under salt stress (Zhou et al., 2020). Likewise, OsDof1 gene results in cold 95 

tolerance in rice (Liu et al., 2021). However, to date, Dof genes are not studied in sesame. 96 

Therefore, this study was undertaken to identify, characterize the potential candidate Dof genes 97 

along with their physicochemical properties, domains and motifs, syntenic association, 98 

duplication events, and expression patterns in sesame using an in silico approach. 99 

 100 

Materials and methods 101 

 102 
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Identification of Dof genes in sesame genome 103 

The aa sequences of Dof gene family members were retrieved from the ‘TAIR’ 104 

(https://www.arabidopsis.org/) and performed the ‘BLASTP’ search against the sesame 105 

genome in ‘Ensembl Plants’ (https://plants.ensembl.org/index.html) database. Further, the aa 106 

sequence of Dof proteins of different plant species published reports, including Arabidopsis 107 

thaliana (Lijavetzky et al., 2003), Glycin max (Guo and Qiu, 2013), Zea mays (Chen and Cao, 108 

2015), Solanum lycopersicum (Cai et al., 2013), Oryza sativa (Liu et al., 2021) and Medicago 109 

truncatula (Shu et al., 2015) and ‘BLASTP’ searched against the sesame genome to identify 110 

candidate Dof genes. Furthermore, the putative sesame Dof genes were confirmed with the 111 

presence of Dof (DNA binding with one finger; pfam02701) domains individually with the 112 

‘HMMER’ web tool which considers ‘Hidden Markov Models (HMM)’ (Potter et al., 2018) as 113 

well as ‘Pfam’ (http://pfam.xfam.org).  114 

 115 

Phylogenetic analysis and protein sequence alignment of SiDof genes  116 

A multiple sequence alignment was built and  a circular phylogenetic tree was constructed with 117 

the aa sequences Dof genes of S. indicum, A. thaliana, G. max, Z. mays, S. lycopersicum, O. 118 

sativa, and M. truncatula by using MEGA11 (Tamura et al., 2021) to understand the 119 

evolutionary relationship among these species. The aa sequences of Dof genes of these species 120 

were aligned with ‘ClustalW’ and created a circular phylogenetic tree by the ‘Neighbor-Joining 121 

(NJ)’ method with 1000 bootstrap with default parameters. Finally, the circular tree was further 122 

improved with the tool ‘iTOL’ (https://itol.embl.de/). 123 

 124 

Molecular characterization of SiDof genes  125 

The gene length (bp), protein length (aa), and chromosomal location of the SiDof genes were 126 

predicted using the ‘Ensembl Plants’ database. Further, the ‘molecular weight’ (MW), 127 

‘isoelectric point’ (pI) as well as ‘grand average of hydropathicity’ (GRAVY) of SiDof proteins 128 

were determined using the ‘ProtParam tool’ (https://web.expasy.org/protparam/). The 129 

subcellular localization of SiDof genes was predicted by the web-based tool ‘Plant-mPLoc’ 130 

(http://www.csbio.sjtu.edu.cn/bioinf/plant-multi/). The exon-intron structure of SiDof genes 131 

was predicted with the ‘Gene Structure Display Server (GSDS2.0)’ tool (Hu et al., 2015). 132 

Moreover, the ‘conserved domains’ and ‘motifs’ of SiDof proteins were analyzed using ‘CD-133 

search’ tool of ‘Conserved Domain Database (CDD)’ 134 

(https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi) and ‘MEME’ (https://meme-135 

suite.org/tools/meme), respectively. The genomic positions of SiDof genes were visualized 136 
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using ‘MapChart’ (Voorrips, 2002). The ‘3D structure’ of SiDof proteins was analyzed by the 137 

‘SWISS-MODEL’ (https://swissmodel.expasy.org/interactive#sequence). The ‘cis-regulatory 138 

elements’ of SiDof genes were analyzed with ‘PlantCARE’ 139 

(https://bioinformatics.psb.ugent.be/webtools/plantcare/html/) within the 3.0-Kb upstream 140 

region of the transcription start site. The protein-protein interaction was performed by 141 

‘STRING’ (https://string-db.org/). The synteny relationship of SiDof genes was analyzed with 142 

the ‘Circoletto’ web tool (Darzentas, 2010). The Ka and Ks values, and Ka/Ks ratio for SiDof 143 

gene pairs were determined using ‘TBtools’ (Yang and Nielsen, 2000).  144 

 145 

Genetic variation, transcriptome data and expression pattern of SiDof genes  146 

The SiDof genes were checked to know the presence of genetic variants like simple sequence 147 

repeat (SSR) with the ‘Web SSR Finder’ tool of ‘Plant Simple Sequence Repeat Database 148 

(PSSRD)’ (Song et al., 2021). The transcriptome data (FPKM/RPKM expression) was 149 

collected from ‘Gene Expression Omnibus (GEO)’ database of NCBI under the accession 150 

number ‘GSE164511’ (young leaf), ‘GSE148340’ (control vs PEG-treated root) and shoot 151 

under salinity condition (tolerant vs sensitive) (Zhang et al., 2020). 152 

 153 

Results  154 

 155 

Identification of putative Dof genes in sesame genome 156 

The Dof gene family members in sesame were identified through the ‘BLASTP’ search. The 157 

protein sequences of AtDof genes were ‘BLASTP’ searched against the sesame genome in 158 

‘Ensembl Plants’ database (https://plants.ensembl.org/index.html). Likewise, the reported Dof 159 

protein sequences of other plant species were also ‘‘BLASTP’ searched against sesame genome 160 

and cross checked. We identified total 32 unique SiDof genes in sesame genome (Table 1 and 161 

Supplementary file 1). Besides, the protein sequences were validated with ‘HMMER’ and 162 

‘Pfam’.  163 

    164 

 165 

Phylogenetic analysis of SiDof genes 166 

A phylogenetic tree (circular) was built (Fig. 1) using the Dof proteins from various plant 167 

species, including S. indicum, A. thaliana, G. max, Z. mays, S. lycopersicum, O. sativa, and M. 168 

truncatula to understand the relationships among the species throughout the evolutionary 169 

process. Total 32 SiDof proteins were distributed into six groups. Group III consisted of the 170 
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maximum seven SiDof proteins, including SiDof2 (SIN_1003692), SiDof4 (SIN_1004081), 171 

SiDof5 (SIN_1004940), SiDof7 (SIN_1005291), SiDof9 (SIN_1005551), SiDof18 172 

(SIN_1011214), and SiDof 29 (SIN_1025235) whereas group V contained minimum three 173 

SiDof proteins like SiDof3 (SIN_1003703), SiDof19 (SIN_1011668) and SiDof24 174 

(SIN_1019847).  The groups such as group I, IV, and VI had six SiDof proteins in each. Group 175 

I included SiDof6 (SIN_1005243), SiDof8 (SIN_1005292), SiDof20 (SIN_1013094), SiDof21 176 

(SIN_1013324), SiDof30 (SIN_1027039) and SiDof31 (SIN_1027065). Group IV contained 177 

SiDof10 (SIN_1005860), SiDof14 (SIN_1009212), SiDof25 (SIN_1020428), SiDof26 178 

(SIN_1021128), SiDof27 (SIN_1024161), and SiDof28 (SIN_1024519). Group VI consisted 179 

SiDof1 (SIN_1001405), SiDof11 (SIN_1006007), SiDof12 (SIN_1006579), SiDof13 180 

(SIN_1008018), SiDof23 (SIN_1018780), and SiDof32 (SIN_1027102). Group II contained 181 

four SiDof proteins like SiDof 15 (SIN_1009420), SiDof16 (SIN_1009530), SiDof17 182 

(SIN_1010375) and SiDof22 (SIN_1017363). 183 

 184 

Physicochemical properties, structure, conserved domain and motif analysis of SiDof 185 

genes  186 

The different physicochemical properties of 32 SiDof genes, such as gene sequence length (bp), 187 

protein size (aa), ‘grand average of hydropathicity (GRAVY)’, ‘subcellular localization’ and 188 

‘theoretical isoelectric point (pI)’ were presented in Table 1. The result showed that the length 189 

of 32 SiDof genes ranged from 354 bp to 12742 bp, whereas the length of the proteins varied 190 

from 117 aa to 719 aa. The minimum (117 aa) and maximum (719 aa) protein lengths were 191 

found for SiDof10 (SIN_1005860) and SiDof11 (SIN_1006007) genes, respectively. The 192 

maximum (10.4) and minimum (4.47) "isoelectric point" (pI) were observed for SiDof24 193 

(SIN_1019847) and SiDof21 (SIN_1013324), respectively. The molecular weights of 32 SiDof 194 

proteins varied from 12583.67 kDa (SiDof10) to 78342.23 kDa (SiDof11). Likewise, the 195 

"GRAVY" values of 32 SiDof proteins exhibited negative which ranged from -1.03 (SiDof24) 196 

to -0.28 (SiDof20), indicating their hydrophilic properties. Moreover, the subcellular 197 

localization analysis revealed that all SiDof genes were localized in the nucleus.   198 

     The exon-intron structure of the 32 SiDof genes was predicted using the "GSDS2.0" 199 

algorithm. The results showed that exon number varied from one to five while introns number 200 

varied zero to four for SiDof genes (Fig. 2). Among 32 SiDof genes, maximum 23 genes had 201 

single exons such as SiDof3 (SIN_1003703), SiDof4 (SIN_1004081), SiDof5 (SIN_1004940), 202 

SiDof6 (SIN_1005243), SiDof7 (SIN_1005291), SiDof9 (SIN_1005551), SiDof10 203 

(SIN_1005860), SiDof15 (SIN_1009420), SiDof16 (SIN_1009530), SiDof17 (SIN_1010375), 204 
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SiDof18 (SIN_1011214), SiDof19 (SIN_1011668), SiDof20 (SIN_1013094), SiDof21 205 

(SIN_1013324), SiDof22 (SIN_1017363), SiDof24 (SIN_1019847), SiDof25 (SIN_1020428), 206 

SiDof26 (SIN_1021128), SiDof27 (SIN_1024161), SiDof28 (SIN_1024519), SiDof29 207 

(SIN_1025235), SiDof30 (SIN_1027039) and SiDof32 (SIN_1027102). SiDof11 208 

(SIN_1006007) gene contained the maximum five exons whereas seven SiDof genes, including 209 

SiDof1 (SIN_1001405), SiDof2 (SIN_1003692), SiDof8 (SIN_1005292), SiDof12 210 

(SIN_1006579), SiDof13 (SIN_1008018), SiDof14 (SIN_1009212), SiDof23 (SIN_1018780) 211 

and SiDof31 (SIN_1027065) had only two exons. 212 

     The "conserved domains" and "motifs" for SiDof proteins were determined using the 213 

"MEME" suite and the "CD-search" tool of the "National Center for Biotechnology 214 

Information (NCBI)" (Fig. 3-5 and Table 2-3). The results showed that a highly conserved 215 

"DNA-binding with one finger" (zn-Dof) domain protein with 52 aa residues was found in all 216 

SiDof proteins. These proteins are transcription factors (TFs) with a single “Cys2/Cys2 zinc 217 

finger” (pfam02701) present in plants and a highly conserved "DNA-binding domain. 218 

Furthermore, SiDof11 exhibited an additional domain “GDSL-like Lipase/Acylhydrolase” 219 

(pfam00657). Likewise, SiDof proteins exhibited 10 conserved "motifs" having more than 17 220 

aa residues (Table 3 and Figure 4.) For all SiDof proteins, the Dof domains shared motif 1 221 

which is the majority of these motifs (Fig. 5). Moreover, the sequences alignment of SiDof 222 

proteins revealed that all 32 proteins have motif 1 and conserved amino acid residues in the 223 

Dof domain (Fig. 6). 224 

 225 

Analysis of the structure of SiDof proteins and protein-protein interactions 226 

Utilizing the protein sequences that were retrieved from "Ensembl Plants", a three-dimensional 227 

structure was generated for each 32 SiDOF protein using an online tool "SWISS-MODEL" 228 

(Fig. 7). The results showed that the structure of each SiDOF protein was disordered. After a 229 

thorough analysis of the structures, it was found that practically all of the SiDOFs had 230 

prominent β-sheets while the α-helices were less noticeable. For instance, the percentage of β-231 

sheets was considerably greater than that of α-helices from SiDOF1 to SiDOF9. Again, the α-232 

helix was entirely missing in SiDOF10. Furthermore, the following six proteins - SiDOF20, 233 

SiDOF22, SiDOF23, SiDOF29, SiDOF30, and SiDOF31 showed a plethora of β-sheets but 234 

relatively few α-helices. Regarding SiDOF27 and SiDOF32, both proteins had an almost 235 

identical structure that was covered in numerous α and β-sheets. The remaining structures 236 

exhibited less accurate α-helices and more pronounced β-sheets. Further, using the A. thaliana 237 

protein information (Supplementary file 2) and the web program ‘STRING’ (https://string-238 
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db.org/), the SiDOF protein-protein interaction network was built (Fig. 8). The analysis 239 

indicates a robust interaction between NAC071 and two proteins namely DOF5.3 and DOF5.6. 240 

Once more, DOF2.2, DOF2.4, DOF5.1, and DOF5.8 are strongly correlated with another 241 

transcription factor, NAC028 (NAC domain-containing protein 28). Furthermore, MDC16.10 242 

(Protein BIG GRAIN-like A) interacts with NAC028 and NAC086 in addition to other DOF 243 

proteins, including DOF2.2, DOF2.4 and DOF5.6. MDC16.10  is a member of the BIG GRAIN 244 

1 plant protein family that controls the auxin signaling pathway (Protein BIG GRAIN 1-like A). 245 

Finally, a single interaction was observed between DOF3.1 and F13P17.18 proteins. 246 

 247 

Position of SiDof genes in the sesame genome 248 

The chromosomal locations of 32 SiDof genes were investigated (Table 1) and the "MapChart" 249 

tool was used to illustrate the results (Fig. 9). According to the results, the 32 SiDof genes were 250 

found to be distributed across 12 distinct 'linkage groups' (LGs). For example, SiDof15 and 251 

SiDof16 situated in LG1; SiDof21 and SiDof26 in LG2; SiDof1, SiDof25, SiDof17, and SiDof22 252 

in LG3; SiDof23 and SiDof10 in LG4, and the LG5 and LG13 contained only one SiDof gene 253 

in each SiDof9 and SiDof4, respectively. Then there were two SiDof genes in LG7 (SiDof14 254 

and SiDof19).  Furthermore, LG8 included a maximum of six SiDof genes (SiDof11, SiDof24, 255 

SiDof12, SiDof30, SiDof31 and SiDof32). Again, SiDof27 and SiDof28 were located in LG9; 256 

SiDof18 and SiDof20 in LG11; SiDof6, SiDof7 and SiDof8 in LG12. Lastly, SiDof2, SiDof3, 257 

SiDof5, SiDof13 and SiDof29 were in LG15. 258 

 259 

Syntenic relationship and gene duplication analysis of SiDof genes 260 

The syntenic relationship of SiDof genes with A. thaliana, O. sativa, G. max, and O. sativa was 261 

analyzed using a web tool ‘Circoletto’ to understand the orthologous relationship and evolutionary 262 

conservation among these species (Fig. 10 and Supplementary file 3).  The results showed that 263 

SiDof genes had synteny with 16 A. thaliana genes, 19 G. max genes, and 15 O. sativa genes. 264 

In addition, 32 SiDof genes were subjected to gene duplication analysis.  A total of eleven pair 265 

of genes with high sequence similarity and within the same clade were identified through the 266 

phylogenetic analysis (Fig. 1) signifying the possibility of gene duplication events for these 267 

eleven pair of SiDof genes (SiDof1, SIN_1001405; SiDof2, SIN_1003692; SiDof3, 268 

SIN_1003703; SiDof4, SIN_1004081; SiDof6, SIN_1005243; SiDof8, SIN_1005292; SiDof9, 269 

SIN_1005551; SiDof10, SIN_1005860; SiDof11, SIN_1006007; SiDof13, SIN_1008018; 270 

SiDof15, SIN_1009420; SiDof16, SIN_1009530; SiDof17, SIN_1010375; SiDof18, 271 

SIN_1011214; SiDof22, SIN_1017363; SiDof24, SIN_1019847; SiDof26, SIN_1021128; 272 
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SiDof27, SIN_1024161; SiDof28, SIN_1024519; SiDof29, SIN_1025235; SiDof30, 273 

SIN_1027039; SiDof31, SIN_1027065). Moreover, the ‘non-synonymous divergence’ (Ka) 274 

and ‘synonymous divergence’ (Ks), and Ka/Ks ratio of duplicated SiDof gene pairs were 275 

analyzed with the ‘TBtools’ program (Table 5). Generally, the ratio of Ka/Ks <1, Ka/Ks = 1 276 

and Ka/Ks >1 indicates purifying, neutral and positive selections, correspondingly (Nekrutenko 277 

et al., 2002). The Ka/Ks ratio of SiDof gene pairs varied from 0.1492 to 0.3323 suggested a 278 

purifying selection pressure for the evolution of SiDof genes.  279 

 280 

Analysis of cis-acting elements in the promoter region of SiDof genes  281 

The 3.0-Kb upstream promoter sequences for the 32 SiDof genes were obtained from ‘Ensembl 282 

Plants’ database. A total of 1668 cis-regulatory elements were found in the promoter region of 283 

SiDof genes using the web software ‘PlantCARE’ (Table 5 and Supplementary file 4). For the 284 

entire promoter area, three distinct categories have been identified such as light response, 285 

phytohormone response and stress response (Zhou et al., 2023). Of these, 733 were linked to 286 

the stress response (W BOX, WRE3, WUN-motif, ARE, and box S), 562 to the light response 287 

(AE-box, Box-4, G-Box, and GA-motif), and 373 to the phytohormone response (ABRE, P-288 

box, TATC-box, and TGACG-motif). Among these, all SiDof genes contained Box-4 289 

(associated with light response), and MYC (associated with stress response).  290 

 291 

Genetic variants and expression pattern of SiDof genes with transcriptomic data  292 

The microsatellite/simple sequence repeat (SSR) motifs were analyzed in the DNA sequence 293 

of 32 SiDof genes (Table 6). Out of 32 SiDof genes, only six such as SiDof8 (SIN_1005292, 294 

SiDof11 (SIN_1006007), SiDof19 (SIN_1011668), SiDof23 (SIN_1018780), SiDof26 295 

(SIN_1021128) and SiDof31 (SIN_1027065) revealed SSR motifs. CT/GA, TA/AT, and 296 

GA/CT were the frequent SSR motifs ranging from mono- to trinucleotide repeats with 10 to 297 

26 bp repeat size in the SiDof11. However, SiDof8 (SIN_1005292) exhibited one di-nucleotide 298 

(TC/AG) SSR with 13 repeats while SiDof19 (SIN_1011668) and SiDof26 (SIN_1021128) had 299 

one tri-nucleotide CCA/GGT and ATC/TAG SSR with 5 repeats in each, respectively. SiDof23 300 

(SIN_1018780) had three di-nucleotides (GT/CA) SSR at different positions. Moreover, 301 

SiDof31 (SIN_1027065) had one SSR with di-nucleotide (TC/AG) with 9 repeats and two SSRs 302 

with tri-nucleotide (TCC/AGG) with 6 repeats.   303 

      The expression pattern of 32 SiDof genes was analyzed in different organs of sesame-like 304 

wild type leaf and stressed conditions such as root (drought and waterlogging), shoot (salinity) 305 

with the transcriptome data (FPKM/RPKM) retrieved from ‘gene expression omnibus’ (GEO) 306 
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datasets and published articles (Fig. 11). The results showed that 27 SiDof genes out of 32 307 

genes were expressed in the leaf of sesame. However, SiDof10 (SIN_1005860), SiDof11 308 

(SIN_1006007), SiDof15 (SIN_1009420), SiDof25 (SIN_1020428), SiDof26 (SIN_1021128) 309 

and SiDof27 (SIN_1024161) showed higher expression in sesame leaf (Fig. 11a).  310 

      Further, the expression pattern of 32 SiDof genes was analyzed with the sesame root 311 

transcriptome data under PEG-treated drought stress (Fig. 11b). The results revealed that two 312 

genes like SiDof4 (SIN_1004081) and SiDof20 (SIN_1013094) were not expressed in roots 313 

both control and drought stress condition of both genotypes (‘VEN-1’ and ‘TEX-1’) of sesame 314 

while another two genes, including SiDof3 (SIN_1003703) and SiDof29 (SIN_1025235) were 315 

poorly expressed only in ‘VEN-1’ and ‘TEX-1’, respectively and their expression was very 316 

low. However, the expression of SiDof1 (SIN_1001405), SiDof11 (SIN_1006007), SiDof12 317 

(SIN_1006579), SiDof13 (SIN_1008018), SiDof18 (SIN_1011214), SiDof22 (SIN_1017363), 318 

SiDof23 (SIN_1018780), SiDof27 (SIN_1024161), SiDof28 (SIN_1024519) and SiDof32 319 

(SIN_1027102) genes was increased. Nonetheless, the expression of SiDof1 was more than 320 

two-fold higher in drought stress conditions. On the contrary, expression of SiDof2 321 

(SIN_1003692), SiDof8 (SIN_1005292), SiDof21 (SIN_1013324), and SiDof26 322 

(SIN_1021128) genes was decreased in in drought-stressed roots compared to the non-treated 323 

controls. However, the expression of SiDof5 (SIN_1004940) was increased in PEG-treated 324 

roots of ‘VEN-1’ but decreased in ‘TEX-1’ as compared to controls. The SiDof10 had 325 

maximum expression levels in both genotypes for both stressed and control conditions among 326 

all 32 SiDof genes. Nevertheless, its expression was decreased in and similar in both control 327 

and PEG-treated roots of ‘TEX-1’ in sesame. 328 

     Again, the expression of 32 SiDof genes was analyzed using another root transcriptome 329 

dataset of sesame under different time-point after salinity treatment as well as salinity tolerant 330 

and sensitive sesame genotypes (Fig. 11c). The result showed that the expression of SiDof8 331 

(SIN_1005292), SiDof15 (SIN_1009420), SiDof17 (SIN_1010375), SiDof19 (SIN_1011668), 332 

SiDof22 (SIN_1017363), SiDof25 (SIN_1020428), SiDof28 (SIN_1024519) genes was 333 

increased over time in roots of both sensitive and tolerant sesame genotypes. Conversely, the 334 

expression level SiDof6 (SIN_1005243), SiDof7 (SIN_1005291), SiDof21 (SIN_1013324), 335 

SiDof23 (SIN_1018780), SiDof9 (SIN_1005551), SiDof10 (SIN_1005860), SiDof13 336 

(SIN_1008018) and SiDof30 (SIN_1027039) genes was decreased over time after (2h, 6h, 12h 337 

and 24h) salinity treatment in both sensitive and tolerant genotypes. Furthermore, the 338 

expression of SiDof11 (SIN_1006007) increased at 6h after salinity treatment and then 339 

decreased in both genotypes. The expression of SiDof1 (SIN_1001405) and SiDof12 340 
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(SIN_1006579) genes was increased at 2h while decreased at 6h and 12h, then again increased 341 

at 24h of salinity treatment of roots for both sensitive and tolerant sesame genotypes. The gene 342 

SiDof20 (SIN_1013094) was not expressed in the root of both contrasting genotypes, but the 343 

expression of SiDof3 (SIN_1003703), SiDof4 (SIN_1004081), SiDof5 (SIN_1004940) and 344 

SiDof29 (SIN_1025235) was very low in both genotypes over time. However, SiDof32 345 

(SIN_1027102) gene revealed differences in expression levels between salinity sensitive and 346 

tolerant genotypes over period as higher in tolerant than in sensitive genotypes. 347 

 348 

Discussion 349 

The Dof proteins are plant-specific TFs in plants and play an important role in many plant 350 

processes, including plant growth and development, and responses to environmental stimuli 351 

(Shuichi Yanagisawa, 2004; Yanagisawa, 2002; Zou et al., 2019). Dof genes are characterized 352 

in several plant species including Arabidopsis, nevertheless, unexplored in sesame.  353 

     The members of Dof gene family varies species to species such as 30 in rice, 36 in 354 

Arabidopsis, 28 in sorghum, 76 in Chinese cabbage, 34 in tomato, 26 in barley, 78 in soybean 355 

and 46 in maize (Cai et al., 2013; Chen and Cao, 2015; Kushwaha et al., 2011; Lijavetzky et 356 

al., 2003; Ma et al., 2015; Moreno-Risueno et al., 2007; Wang et al., 2007). In the present 357 

study, we identified 32 SiDof genes in the sesame genome which were distributed across 12 358 

distinct 'linkage groups' (LGs), including LG1, LG2, LG3, LG4, LG5, LG7, LG8, LG9, LG11, 359 

LG12, LG13 and LG15 (Table 1 and Fig. 9). Of which, LG8 comprises maximum number of 360 

SiDof genes such as SiDof11, SiDof24, SiDof12, SiDof30, SiDof31 and SiDof32. The 32 361 

members of SiDof genes identified in sesame are consistent with other plant species. The 362 

phylogenetic analysis has shown that 32 SiDof genes were categorized into six groups (Fig. 1) 363 

and showed a relationship with the Dof genes of A. thaliana, G. max, Z. mays, S. lycopersicum, 364 

O. sativa, and M. truncatula revealed their evolutionary conservation. Among these, group III 365 

exhibited the highest number of SiDof genes (seven) whereas group V contained the lowest 366 

number of SiDof genes (three). A similar result was reported in Capsicum annuum where 33 367 

Dof genes were classified into seven groups (Wu et al., 2016). Further, 42 M. truncatula were 368 

categorized into four groups (Shu et al., 2015), 45 Manihot esculenta Dof genes were grouped 369 

into eight groups (Zou et al., 2019) and 117 Brassica napus Dof genes were classified into nine 370 

groups (Lohani et al., 2021).  371 

     The results of gene structure analysis showed that exon number varied from one to five 372 

whereas intron number varied from zero to four among 32 SiDof genes (Fig. 2). Among 32 373 

SiDof genes, the majority of SiDof genes (71.88%) exhibited single exon and intronless. 374 
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Moreover, the maximum number of exons (five) was found in SiDof11 (Fig. 2 and Table 1). It 375 

has been reported that 44.44% of M. esculenta (Zou et al., 2019), 75% of Sorghum bicolor 376 

(Kushwaha et al., 2011), 47.22% of O. sativa (Kushwaha et al., 2011) and 48.88% of A. 377 

thaliana  (Kushwaha et al., 2011) Dof genes were without intron. The result shows that the 378 

diverse gene (exon-intron) structures of SiDof genes revealing the conservation of exon-intron 379 

structures. Moreover, the protein sequences of all 32 Dof genes contained a highly conserved 380 

N-terminal DNA-binding domain called ‘Dof’ domain. The result is also in agreement with the 381 

previously reported by (Kushwaha et al., 2011; Waschburger et al., 2024). The protein-protein 382 

network analysis revealed that there was a robust interaction between NAC071 and two Dof 383 

proteins namely DOF5.3 and DOFF5.6 (Fig. 8). As per findings, NAC071 (NAC domain-384 

containing protein 71) is a transcription factor that is necessary for the division of pith cells 385 

during the reunion process and is involved in the tissue reunion of injured inflorescence stems 386 

(Asahina et al., 2011). 387 

     The results of synteny (Fig. 10) and phylogenetic analysis (Fig. 1) suggests that there were 388 

eleven pairs of SiDof genes that might be associated with gene duplication events. Among, 389 

those genes, SiDof6, SiDof8, SiDof30, and SiDof31 were grouped into group I; SiDof15, 390 

SiDof16, SiDof17, and SiDof22 were grouped into group II; SiDof27 and SiDof28 grouped into 391 

group IV. Moreover, SiDof15 and SiDof16 located on LG1; SiDof7 and SiDof22 located on 392 

LG3; SiDof30 and SiDof31 located on LG8; SiDof27 and SiDof28 located on LG9; SiDof6 and 393 

SiDof8 located on LG12 (Fig. 9). The results suggested that these SiDof genes might be 394 

resulting from duplication events. A similar duplication event was reported for M. trancatula 395 

Dof genes (Shu et al., 2015). 396 

The promoter analysis of 32 SiDof genes showed that there were 733 were linked to the stress 397 

response (W BOX, WRE3, WUN-motif, ARE and box S), 562 to the light response (AE-box, 398 

Box-4, G-Box, and GA-motif), and 373 to the phytohormone response (ABRE, P-box, TATC-399 

box, and TGACG-motif) (Table 5). Moreover, it was observed that SiDof22 (SIN_1017363) 400 

had the greatest number of motifs (79) whereas SiDof30 (SIN_1027039) had the least number 401 

of motifs. SiDof31 (SIN_1027065) had the highest BOX-4 motifs (16), which is part of a 402 

conserved DNA module involved in light responsiveness. ABRE is an ABA-responsive 403 

element and SiDof22 (SIN_1017363) had the highest of it (13) indicating that it may be a part 404 

of the ABA signaling pathway. Similarly, SiDof13 (SIN_1008018) contained highest number 405 

of ARE motifs (6) which are essential for anaerobic induction. 406 

     Out of 32 SiDof genes, only six (SiDof8, SiDof11, SiDof19, SiDof23, SiDof26, and SiDof31 407 

contained SSR motifs ranging from mono- to trinucleotides (Table 6). A similar SSR variants 408 
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for Dof genes were reported in Cyperus esculentus (Fu et al., 2024a) and Camellia oleifera (Fu 409 

et al., 2024b).  410 

     The transcriptome (RNA-seq) based expression profiles showed that the expression level of 411 

SiDof1, SiDof11, SiDof12, SiDof13, SiDof18, SiDof22, SiDof23, SiDof27, SiDof28 and SiDof32 412 

genes was increased in drought stress condition compared to control while an opposite 413 

expression level was observed for SiDof2, SiDof8, SiDof21 and SiDof26 (Fig. 11b). The results 414 

indicated that these genes might be associated with drought stress. It has been reported that 415 

CsDof10, CsDof13, CsDof14, CsDof15 and CsDof16 were drought stress-responsive genes in 416 

Camellia sinensis (Yu et al., 2020). Gupta et al. also reported that the Dof gene was associated 417 

with drought stress in (Gupta et al., 2016). Likewise, 32 SiDof genes were analyzed with 418 

previously published sesame transcriptomic data (Zhang et al., 2020) under salinity stress and 419 

the results showed that SiDof32 differs in expression levels between salinity sensitive and 420 

tolerant genotypes over time points as higher in tolerant than in sensitive genotypes suggesting 421 

this gene might be salinity responsive (Fig. 11c). Several previous research reports revealed 422 

that Dof genes were involved in salinity stress responses in various plant species like S. bicolor 423 

(Gupta et al., 2016), C. annuum (Wu et al., 2016), GhDof1.7 in  Gossypium hirsutum (Li et al., 424 

2023) and SlDof22 in Solanum lycopersicum (Cai et al., 2016). 425 

 426 

Conclusion 427 

The present study identified a total of 32 SiDof genes and characterized the identified genes. 428 

The available transcriptome data-based expression of SiDof genes showed differences in the 429 

expression levels in various abiotic stress conditions (such as drought and salinity) compared 430 

to controls in sesame. Therefore, the SiDof genes might have important role in drought and 431 

salinity. 432 
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Table 1 Physicochemical characteristics of members of the Dof gene family in S. indicum 642 

  643 

Gene name Gene ID Locus ID Location 
Gene length 

(bp) 

Protein length 

(aa) 

Sub-cellular 

localization 

Molecular 

weight (kDa) 

Isoelectric 

point (pI) 
Gravy 

SiDof1 SIN_1001405 LOC105155434 LG3: 2,688,274-2,691,024 2751 496 53022.55 Nucleus 5.55 -0.784 

SiDof2 SIN_1003692 LOC105156034 LG15: 3,268,757-3,269,854 1098 333 34907.89 Nucleus 8.61 -0.312 

SiDof3 SIN_1003703 LOC105157099 LG15: 3,345,250-3,346,231 702 233 24408.25 Nucleus 8.51 -0.285 

SiDof4 SIN_1004081 LOC105157219 LG13: 3,816,279-3,817,304 1026 341 37095.26 Nucleus 8.96 -0.643 

SiDof5 SIN_1004940 LOC105157727 LG15: 2,211,229-2,212,412 846 281 31711.16 Nucleus 5.97 -0.815 

SiDof6 SIN_1005243 LOC105158041 LG12: 4,029,144-4,030,025 882 293 32239.93 Nucleus 7.61 -0.622 

SiDof7 SIN_1005291 LOC105159975 LG12: 4,337,875-4,338,729 855 284 30783.5 Nucleus 9.81 -0.694 

SiDof8 SIN_1005292 LOC105160319 LG12: 4,345,975-4,347,097 1123 315 34618.53 Nucleus 8.193 -0.748 

SiDof9 SIN_1005551 LOC105161465 LG5: 793,746-794,336 591 196 20629.21 Nucleus 9.95 -0.389 

SiDof10 SIN_1005860 LOC105162358 LG4: 8,931,010-8,931,363 354 117 12583.67 Nucleus 4.49 -0.475 

SiDof11 SIN_1006007 LOC105163550 LG8: 14,949,214-14,961,955 12742 719 78342.23 Nucleus 5.31 -0.635 

SiDof12 SIN_1006579 LOC105166214 LG8: 3,494,213-3,496,822 2610 497 53362.02 Nucleus 5.39 -0.679 

SiDof13 SIN_1008018 LOC105166761 LG15: 1,006,747-1,009,488 2742 552 59895.47 Nucleus 5.72 -0.682 

SiDof14 SIN_1009212 LOC105167467 LG7: 9,184,600-9,185,770 1171 252 28381.57 Nucleus 9.28 -0.894 

SiDof15 SIN_1009420 LOC105167652 LG1: 10,741,936-10,742,844 909 302 31986.02 Nucleus 6.17 -0.678 

SiDof16 SIN_1009530 LOC105167857 LG1: 11,671,599-11,672,309 711 236 24637.58 Nucleus 5.78 -0.701 

SiDof17 SIN_1010375 LOC105167892 LG3: 8,646,525-8,647,241 717 238 24921.17 Nucleus 8.2 -0.728 

SiDof18 SIN_1011214 LOC105167893 LG11: 13,978,880-13,979,722 843 280 29980.41 Nucleus 9.57 -0.536 

SiDof19 SIN_1011668 LOC105168584 LG7: 4,440,768-4,441,825 756 251 26842.1 Nucleus 8.63 -0.518 

SiDof20 SIN_1013094 LOC105168787 LG11: 11,136,758-11,137,603 846 281 23450.09 Nucleus 4.89 -0.28 

SiDof21 SIN_1013324 LOC105170336 LG2: 4,460,598-4,461,491 894 297 32901.17 Nucleus 4.47 -0.589 

SiDof22 SIN_1017363 LOC105170685 LG3: 11,375,833-11,376,732 900 299 32125.22 Nucleus 5.98 -0.697 

SiDof23 SIN_1018780 LOC105174207 LG4: 3,971,861-3,974,149 2289 430 47595.85 Nucleus 6.06 -0.779 

SiDof24 SIN_1019847 LOC105174708 LG8: 2,620,144-2,620,506 363 120 13173.59 Nucleus 10.4 -1.03 

SiDof25 SIN_1020428 LOC105175506 LG3: 4,087,700-4,088,614 915 304 33502.16 Nucleus 7.04 -0.692 

SiDof26 SIN_1021128 LOC105175553 LG2: 13,201,838-13,202,701 864 287 31376.75 Nucleus 8.48 -0.638 

SiDof27 SIN_1024161 LOC105175554 LG9: 5,205,549-5,206,379 831 276 30097.56 Nucleus 8.6 -0.651 

SiDof28 SIN_1024519 LOC105176376 LG9: 2,530,186-2,531,085 900 299 32104.59 Nucleus 8.39 -0.659 

SiDof29 SIN_1025235 LOC105177260 LG15: 8,227,690-8,228,706 1017 338 36430.69 Nucleus 9 -0.496 

SiDof30 SIN_1027039 LOC105177686 LG8: 8,191,599-8,192,516 918 305 33262.06 Nucleus 6.49 -0.557 

SiDof31 SIN_1027065 LOC105177758 LG8: 8,013,200-8,014,375 1,176 327 35413.22 Nucleus 6.98 -0.553 

SiDof32 SIN_1027102 LOC105178230 LG8: 7,821,914-7,822,393 480 159 17966.22 Nucleus 9.12 -0.914 
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 645 
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Table 2 Key domains found in the 32 Dof proteins of S. indicum 648 

Sl. 

No. 
Domain Name Description Functions Reference 

1 ‘zf-Dof’ 

‘DNA-binding with one finger’ (zf-Dof) 

domain proteins (52 aa residues) are TFs 

with a highly conserved ‘DNA-binding 

domain’ with a single Cys2/Cys2 zinc 
finger (pfam02701) 

Act as a transcriptional 

activator or repressor in 

various biological 

processes in plants 

(Shuichi 

Yanagisawa, 

2004; Umemura et 

al., 2004) 

2 ‘Lipase_GDSL’ GDSL-like Lipase/Acylhydrolase 

(pfam00657) 

Play a vital role in growth 

and development, and 

stress tolerance in plants 

(Ding et al., 2019; 

Shen et al., 2022) 

 649 

Table 3 The conserved motifs present in 32 Dof proteins of S. indicum  650 

Motif 

name 
E-value Sites Width Motif sequence 

Motif 1 
3.4e-
1402 

31 50 CPRCDSTNTKFCYYNNYNLSQPRHFCKSCRRYWTKGGTLRNVPVGGGCRK 

Motif 2 7.50E-71 5 41 EEHREEKNSEKSVWVPKTLRIDDPGEAAKSSIWATLGIKND 

Motif 3 2.50E-56 4 50 QFRHJTIPEALQAARIDLPNGFHHPALKPNGTILSFGPDSPLCESMASVL 

Motif 4 3.10E-38 5 30 KGDEKKQAVNTSTVLQANPAALSRSJSFHE 

Motif 5 2.10E-32 5 28 YAAPYWGCAVPGAWNVPWVSPPSPTVNQ 

Motif 6 1.30E-31 4 40 PPLMPNINPFPPPVPCFPGVPWPYPWNSVQPSPAVSPPAY 

Motif 7 2.60E-29 5 25 KTEEDQSETTNSQEKTLKKPDKILP 

Motif 8 1.10E-20 5 18 EVKDPEIKLFGKTIELPE 

Motif 9 2.90E-08 5 21 IJVCSKPQQEKKPRPAKEQAL 

Motif 10  5.90E-08 2 50 DNYGGNJDSLEESIITTLDIPSTASVPWPGPDSMSPMDLPNCWNWNEIDA 

 651 

Table 4 The list of 11 pair duplication events in Dof genes of S. indicum and their Ka/Ks ratio 652 

 653 

Sl. No. Gene 1 Gene 2 
Non-synonymous 

substitution (Ka) 

Synonymous 

substitution (Ks) 
Ka/Ks 

1 SIN_1001405 SIN_1006007 0.1564 1.0201 0.1533 

2 SIN_1003692 SIN_1008018 0.7178 NaN NaN 

3 SIN_1003703 SIN_1019847 0.2203 0.6696 0.3290 

4 SIN_1004081 SIN_1025235 0.2181 0.9622 0.2267 

5 SIN_1005243 SIN_1027039 0.1984 0.6368 0.3115 

6 SIN_1005292 SIN_1027065 0.2541 0.7646 0.3323 

7 SIN_1005551 SIN_1011214 0.1276 0.7681 0.1661 

8 SIN_1005860 SIN_1021128 0.3836 1.9718 0.1946 

9 SIN_1009420 SIN_1017363 0.1388 0.9297 0.1492 

10 SIN_1009530 SIN_1010375 0.1196 0.7141 0.1675 

11 SIN_1024161 SIN_1024519 0.1925 0.9242 0.2083 
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 655 

Table 5 Cis-regulatory elements in the promoter regions of SiDof genes 656 
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BOX-4 9 15 3 3 3 6 8 6 8 5 4 3 5 8 4 6 7 5 6 6 12 9 10 4 11 10 9 5 1 7 16 8 

G-box 3 7 1 2 0 5 3 5 1 1 4 8 5 4 10 3 0 2 3 6 6 13 7 0 9 4 4 5 4 1 6 4 

GA-motif 0 1 0 0 0 1 0 1 0 2 1 0 0 2 1 0 1 0 0 1 0 0 1 1 0 0 0 0 2 0 0 0 

GATA-motif 0 2 1 0 1 3 1 1 2 2 1 1 2 2 2 0 1 1 0 1 2 3 2 2 0 1 0 0 1 3 0 2 

I-box 2 2 0 0 3 1 0 1 0 1 2 0 0 1 0 0 0 0 1 0 0 2 1 0 0 1 0 0 0 0 0 3 

MRE 0 0 0 0 0 0 0 0 1 0 1 0 0 1 0 3 1 0 1 0 1 2 1 1 0 0 2 0 0 0 0 0 

GT1-motif 1 1 0 2 0 1 5 0 3 0 4 1 2 0 3 3 1 1 1 3 7 3 2 6 0 0 1 4 1 1 2 0 

Sp1 1 0 4 0 1 0 0 0 2 0 0 2 0 0 0 0 0 2 0 0 1 1 1 0 1 0 0 0 0 0 0 0 

ATCT-motif 0 0 0 1 0 1 1 1 0 1 0 0 0 0 1 3 0 0 0 1 1 0 0 0 2 1 0 1 1 1 1 0 

ACE 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 1 1 0 2 0 
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ABRE 2 6 1 2 0 4 3 4 0 1 3 6 4 3 9 3 0 3 5 6 7 13 6 0 8 3 3 4 5 2 7 3 
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GARE-motif 1 0 0 0 0 1 3 0 0 1 1 0 2 0 0 0 0 1 0 1 0 0 0 0 1 0 0 0 0 1 1 0 

ERE 4 2 1 7 0 0 0 2 2 5 3 5 3 4 7 0 3 3 5 3 2 5 3 2 5 2 4 0 5 1 1 4 

TATC-box 0 0 1 0 0 1 0 0 1 0 0 0 0 1 0 0 0 1 0 1 0 1 3 0 0 0 0 0 1 0 0 1 

P box 0 0 0 1 0 0 1 0 0 0 1 0 2 0 2 1 3 1 0 1 0 1 0 0 0 1 1 0 0 0 0 0 

TCA-element 1 1 2 2 0 0 0 1 0 0 0 0 0 0 0 1 4 1 0 0 2 0 1 1 0 0 1 1 4 2 0 0 

TGA-element 2 1 1 0 0 0 0 0 1 2 2 0 1 0 0 0 0 1 2 0 2 1 0 0 1 0 1 0 0 1 1 0 

TGACG-motif 1 3 0 3 1 3 2 5 1 0 1 1 2 2 2 2 6 0 1 1 1 2 4 1 3 3 5 0 4 2 3 2 
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ARE 1 3 2 1 2 0 3 2 2 3 3 2 6 1 2 2 5 6 2 4 2 0 2 2 0 5 2 0 2 0 3 1 
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3
 

Box S 0 0 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 

DRE C0RE 0 0 2 0 1 2 0 1 0 0 0 0 0 0 2 0 0 0 1 0 0 1 0 2 0 0 0 0 0 0 0 0 

MBS 1 4 0 1 2 2 1 2 1 2 3 0 1 1 3 2 0 2 0 0 1 1 1 0 0 1 1 0 1 0 3 1 

STRE 5 2 4 4 7 3 4 2 1 3 3 4 4 4 1 4 4 3 2 4 6 8 9 1 5 0 3 1 8 3 5 6 

TC-rich repeats 1 1 3 0 1 0 0 1 0 0 0 1 0 1 0 0 2 2 1 0 0 0 1 1 0 0 0 1 0 0 0 0 

W-box 1 0 1 0 1 0 0 0 1 0 0 2 0 1 0 0 0 1 0 2 1 0 4 1 0 1 0 0 1 0 1 0 

WRE3 3 2 1 1 0 2 2 0 1 1 0 2 2 1 1 1 1 1 0 1 1 0 0 0 1 1 5 3 2 1 3 1 

WUN-motif 2 2 1 1 0 1 2 0 1 4 0 0 2 3 4 1 3 0 2 1 0 1 0 2 1 4 1 1 0 0 1 1 

CCAAT-box 0 0 0 0 2 1 1 0 0 0 1 1 0 0 0 0 0 0 0 1 1 1 1 0 1 0 0 0 0 1 1 0 

MYB 5 2 1 2 5 5 11 1 3 3 5 3 6 0 3 4 4 4 2 2 7 3 2 2 8 3 2 5 2 5 7 5 

MYB recognition site 0 0 0 0 2 1 1 0 0 0 1 1 0 0 0 0 0 0 0 1 0 1 1 0 1 0 0 0 0 1 1 0 

Myb-binding site 1 1 0 0 0 3 4 0 2 1 0 0 2 0 1 0 2 2 0 0 1 1 0 0 4 1 0 1 0 1 4 0 

MYC 2 1 6 6 10 7 11 2 7 7 3 6 9 8 4 7 5 4 7 4 8 5 2 4 2 2 3 8 3 2 4 5 

LTR 0 2 1 0 0 0 0 1 0 0 3 0 1 0 2 1 0 0 1 0 1 1 1 1 1 0 1 0 1 0 2 0 

Total no. of motifs 49 62 38 39 44 55 70 39 43 46 51 49 61 48 64 47 53 48 44 51 74 79 67 34 65 46 51 41 50 36 76 48 1668 
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Table 6 The SSR found in the SiDof genes 658 

Gene name Gene ID SSR nr. 
SSR 

type 
SSR Size Start End 

SiDof8 SIN_1005292 1 p2 (TC)13 26 89 114 

SiDof11 SIN_1006007 1 p3 (TTA)7 21 1278 1298 

SiDof11 SIN_1006007 2 p2 (TG)6 12 3906 3917 

SiDof11 SIN_1006007 3 p1 (A)13 13 4422 4434 

SiDof11 SIN_1006007 4 p1 (G)13 13 4645 4657 

SiDof11 SIN_1006007 5 p2 (CT)11 22 5210 5231 

SiDof11 SIN_1006007 6 p2 (TA)13 26 5313 5338 

SiDof11 SIN_1006007 7 p2 (TA)6 12 8240 8251 

SiDof11 SIN_1006007 8 p2 (GA)7 14 10042 10055 

SiDof11 SIN_1006007 9 p1 (A)10 10 10820 10829 

SiDof11 SIN_1006007 10 c (AT)6(A)12 24 11225 11248 

SiDof19 SIN_1011668 1 p3 (CCA)5 15 365 379 

SiDof23 SIN_1018780 1 p2 (GT)12 24 175 198 

SiDof23 SIN_1018780 2 p2 (GT)6 12 983 994 

SiDof26 SIN_1021128 1 p3 (ATC)5 15 276 290 

SiDof31 SIN_1027065 1 p2 (TC)9 18 75 92 

SiDof31 SIN_1027065 2 p3 (TCC)6 18 574 591 
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Figures 661 

 662 

Fig. 1 The phylogenetic tree showing evolutionary relationship of sesame Dof genes with other 663 

species. The circular phylogenetic tree was built using the Dof protein sequences of S. indicum, 664 

A. thaliana, G. max, Z. mays, S. lycopersicum, O. sativa and M. truncatula. The tree was built 665 

using MEGA11 considering ‘Maximum Likelihood’ method  666 

Fig. 2 The gene structure (exon-intron) of member of the Dof gene family in sesame 667 

 668 

Fig. 3 The conserved domains found in SiDof proteins. The domains were anticipated by CD-669 

search of NCBI (https://www.ncbi.nlm.nih.gov/Structure/bwrpsb/bwrpsb.cgi) 670 

Fig. 4 The conserved motifs present in 32 SiDof proteins. Motifs are labelled with different 671 

colored rectangles from 1 to 10 672 

 673 

Fig. 5 Logos of different motifs (1-10) found in the ‘zf-Dof’ and ‘Lipase-GDSL’ domains of 674 

SiDof proteins 675 

 676 

Fig. 6 Multiple protein alignment of Dof proteins in sesame (a). The ‘zf-Dof’ domain is labeled 677 

below the alignment (b). The alignment was made with web tool (http://www.phylogeny.fr/) 678 

Fig. 7 The ‘three-dimensional’ (3D) structures of SiDof proteins. The secondary structure 679 

elements α-helices, β-sheets, and coils (disordered structures) are indicated for the predicted 680 

3D structures of SiDof proteins. Spiral parts indicateα-helix and Ribbon like structures indicate 681 

β-sheet 682 

Fig. 8 ‘Protein-protein interaction’ analysis of SiDof proteins. The red points in the figure 683 

represent the SiDof proteins, and the blue points illustrate the proteins that interacted with the 684 

SiDof proteins. The green lines indicate the interactions between the SiDof proteins. 685 

Fig. 9 Genomic location of 32 Dof genes in sesame genome 686 

Fig. 10 Syntenic association of Dof genes among S. indicum, A. thaliana, G. max and O. sativa 687 

representing the level of conservation. The coloured ribbons indicate the level and intensity of 688 

evolutionary conservation among different SiDof genes. The maximum strength is from red to 689 

blue 690 

Fig. 11 Heatmap representation of the FMKM/RPKM expression pattern of SiDof genes in S. 691 

indicum. The FMKM value was retrieved from GEO dataset of the NCBI database. a) 692 

Expression levels in young leaf (GSE164511), b) Drought (PEG-treated root) (GSE148340) 693 

and c) RPKM expression in salt-tolerant and salt-sensitive shoots under salt-stress condition 694 

(Zhang et al., 2020). The maximum strength is from red to green 695 



Figures

Figure 1

The phylogenetic tree showing evolutionary relationship of sesame Dof genes with other species. The
circular phylogenetic tree was built using the Dof protein sequences of S. indicum, A. thaliana, G. max, Z.
mays, S. lycopersicum, O. sativa and M. truncatula. The tree was built using MEGA11 considering
‘Maximum Likelihood’ method



Figure 2

The gene structure (exon-intron) of member of the Dof gene family in sesame



Figure 3

The conserved domains found in SiDof proteins. The domains were anticipated by CD-search of NCBI
(https://www.ncbi.nlm.nih.gov/Structure/bwrpsb/bwrpsb.cgi)



Figure 4

The conserved motifs present in 32 SiDof proteins. Motifs are labelled with different colored rectangles
from 1 to 10



Figure 5

Logos of different motifs (1-10) found in the ‘zf-Dof’ and ‘Lipase-GDSL’ domains of SiDof proteins



Figure 6

Multiple protein alignment of Dof proteins in sesame (a). The ‘zf-Dof’ domain is labeled below the
alignment (b). The alignment was made with web tool (http://www.phylogeny.fr/)



Figure 7

The ‘three-dimensional’ (3D) structures of SiDof proteins. The secondary structure elements α-helices, β-
sheets, and coils (disordered structures) are indicated for the predicted 3D structures of SiDof proteins.
Spiral parts indicateα-helix and Ribbon like structures indicate β-sheet



Figure 8

‘Protein-protein interaction’ analysis of SiDof proteins. The red points in the �gure represent the SiDof
proteins, and the blue points illustrate the proteins that interacted with the SiDof proteins. The green
lines indicate the interactions between the SiDof proteins.

Figure 9

Genomic location of 32 Dof genes in sesame genome



Figure 10

Syntenic association of Dof genes among S. indicum, A. thaliana, G. max and O. sativa representing the
level of conservation. The coloured ribbons indicate the level and intensity of evolutionary conservation
among different SiDof genes. The maximum strength is from red to blue



Figure 11

Heatmap representation of the FMKM/RPKM expression pattern of SiDof genes in S. indicum. The
FMKM value was retrieved from GEO dataset of the NCBI database. a) Expression levels in young leaf
(GSE164511), b) Drought (PEG-treated root) (GSE148340) and c) RPKM expression in salt-tolerant and
salt-sensitive shoots under salt-stress condition (Zhang et al., 2020). The maximum strength is from red
to green


