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Abstract

Transcription factors act as the master regulators and control the Cellular processes by
decoding the DNA sequence. Plant growth and development is significantly influenced by the
DOFs transcription factors. The current study used the DOF genes from Oryza Sativa to
conduct a genome-wide investigation of DOF family in Stevia rebaudiana. Different
bioinformatics methods were utilized to perform phylogenetic analysis, exon and intro
structure, gene structure, chromosomal distribution of various DOFs genes, conserved domain
analysis, and subcellular localization prediction. The genome databases 52 DOF genes in Stevia
rebaudiana were extracted. Chromosome 4 contained the most SrDOF genes (8 members),
followed by chromosome 2 & 11 (7 SrDOF). The majority of SrDOF genes had a one-exon
gene structure while mostly DOF genes were intron less. The motif composition and gene
structure of SrDOFs from same sub-group were similar. More than 15 conserved motifs were
observed in all these proteins. The Zf Dof Superfamily domain was found in all DOF proteins
except STDOF 17 & 20. The molecular weights of 52 SrDOF proteins ranges from 16.7 to
52.16 KDa with average molecular weight 32.6 KDa. Iso electric point of SrDOF proteins
range from 4.79 to 9.72 with average PI 7. 89. To conclude, this will help to understand the
functions of DOF family in evolutionary and physiological aspects of Stevia rebaudina and
provides future direction for novel work to improve crop productivity. Identifying single-gene
families in multiple plant species are best to enhance crop productivity, growth, and

development.
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Introduction

The proteins involved in the transcription and capable of changing the expression level of genes
are termed as the Transcription factors in modern times (1). Transcription Factors being “master
regulators” and “selector genes” controls the cell process and interpret the genome by decoding
the DNA sequence (2). Transcription factors have capability to drive and control the
differentiation (3) and trans-differentiation (4). DNA binding with one finger (DOF) protein
belong to the Zinc Finger Superfamily (5). DOF transcription factor have been widely known
for the Contribution in the process of the germination in the plants (6). DOF is a plant-specific
transcription factor family that regulates vascular tissue development Xylem and Phloem,
Nonliving stress factors (abiotic), cell cycle, photoperiodregulation, floral organ abscission,
redox homeostasis, and secondary metabolite generation,among other biological activities. The
N-terminal DNA binding domainof the DOF protein is highly conserved. This DOF domain is
a 50-53 amino acid Cys2Cys2(C2C2) type zinc finger motif that has remained constant
throughout evolution (7).

Apart from the highly conserved DOF domain, this protein'stranscriptional regulatory C-
terminal amino acid sequence is highly variable. DOF-TFs bind to a core sequence of (AT)/
AAAG in the cis-regulatory region of their target gene. DOF-TF,like other zinc fingers has the
ability to bind both DNA and proteins, making it a bifunctional protein. DOF-TF and other
physiologically relevant proteins are known to interact with several DOF proteins. The intrinsic
property of DOF-TF to homo- and heterodimerize and itsinteraction with other transcription
factors (like bZIP, Myb-TF, and TCP-TF) reflect its complex regulatory network (8).

First Zn DOF transcription factor was identified in the Maize (7). Various Studies have identified
different number of DOF TFs in different species like Arabidopsis Thalina contain 37 (7), Oryza
sativa 30 (9), 36 watermelon (10), 22 in (11) and 24 in rose (12). In the present study we
collected the genes related to the Zn DOF family in Stevia rebaudiana and then performed
various bioinformatics analysis to gain insights into their Gene structure, Motif structure,
evolutionary relationship among their genes, location of genes on the Chromosomes and

properties of the genes and proteins were determined (9).

Materials and Methods
Dataset

The whole genome of S. rebaudiana was downloaded from Figshare database
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(https://figshare.com/) as reported in literature (13). The amino acid sequence of the 30 Oryza
sativa (Rice) DOFs were used as blast queries against the S. rebaudiana local proteome database
by using Tb tools Software VV1.095 (14).

All the output genes were analysed using the NCBI-CDD batch database
(https://www.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml ) to confirm the conserved DOF domains.
Genes without conserved DOF domains were discarded. The molecular weights and isoelectric
points of STDOF sequences were analyzed by Expasy Compute pl/Mw tool
(https://web.expasy.org/compute_pi/).

The full-length genomic and coding SrDOF sequences were extracted from Genomic and CDS
file of S. rebaudiana respectively by Tbtools software (https://bio.tools/tbtools) and physical
positions of STDOF genes were obtained from the S. rebaudiana GFF3 file of S. rebaudiana
genome by Thtools software and were used to construct the chromosomal distribution map of
SrDOF proteins with Thtools software (14).

Gene structure, and Phylogenetic Analysis

To characterize the phylogenetic relationships SrTDOF amino acid sequences were used.
Multiple sequence alignment of SrDOFs was performed by Clustal Omega online(
https://www.ebi.ac.uk/Tools/msa/clustalo/ ). Maximum likelihood phylogenetic tree with
bootstrap value 100 was constructed by MEGAXI software (15). Genestructure of SrDOF
proteins was made by using the Gene Structure Display Server(http://gsds.gao-lab.org/)
online to identify exon-intron organizations. The amino acidsequences of SrDOF

proteins were analysed using MEME tools (16).
Conserved Motif analysis

The server (https://meme suite.org/meme/tools/meme) with default parameters was used to
identify the conserved motifs. Different motifs were represented using different colored boxes
7).

Results and discussion

Identification and Characterization of the DOF Genes Stevia rebaudiana:

To identify Stevia rebaudiana SrDOF transcription factor genes, we used the aminoacid
sequence of Oryza sativa (OsDOF) transcription factor blast queries against the S.

rebaudiana proteome database to search for candidate genes.
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NCBI CDD-Batch programs were used for analysis of output genes to confirm the conserved
DOF domains, and a total of 52 S. rebaudiana DOF genes were identifie. S. rebaudiana DOF
genes were named SrDOFO01 to SrDOF52 according to their chromosomal positions. Many
characteristics of SrDOF proteins were analyzed, such as DOF gene 1D, chromosome number
along with startand end position on chromosome, amino acid number, Molecular Weight,
Isoelectric pH and coding strand. SrTDOF08 has maximal coding region with length 19176 bp
coding 199 aa while SrDOF41 has 4544 bp encoding 481 aminoamides followed by the SrDOF
encoding 481 aa with 2510 bp. This is shown in table 1.

Gene identification and chromosomal distribution analysis

Chromosomal distribution analysis revealed that SrDOF genes were unevenly distributed
among chromosomes (Fig. 1, Table 1). Chromosome 4 contained the most SrDOF genes (8
members), followed by chromosome 2 & 11 (7 SrDOF). While chromosome 3,7,10 contain
only 2 SrDOF genes on them. SrDOF 50, 51&52 genes do not lie on any of 11 chromosomes
rather they are located on separate Scaffold DNA contig03291, contig03842 andcontig05355
respectively. Chromosome 2 is largest chromosome having length almost 170 Mbwhile
chromosome 3 is the smallest chromosome having length 65Mb. Cluster of 6 SrDOF genes
located on chromosome2 (SrDOF8-13) and chromosomell (SRDOF43-49). This is shown in
table 1.

Proteomic analysis of GRF gene family

For understanding the biological functioning Molecular Weight, Isoelectric point was
determined. The molecular weights of 52 SrDOF proteins ranges from 16.7 to 52.16 KDa with
average molecular weight 32.6 KDa. Iso electric point (pl) of SrDOF proteins range from 4.79
to 9.72 with average Pl 7.89. Amino acid number of SrDOF proteins range from 131 to 472
with average 292 amino acids. 27 SrDOF genes lie on forward strand and 25 SrDOF genes lie

on reverse strand as shown in table 1.
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Table 1: Detailed information on the Genomic and physiochemical properties of STDOF Family

Gene Mw

Lengt | Protein (Kda Start End Coding
OuriD |ID h Length | Chromosome | ) Pl Position | Position | Strand
SiDOFOL | S0°01%0 | 1044 | 207 1| 326 | 7.61| 202402 ) 2007,
siDOF02 | SreolS0 | 1613|353 1| 3838 | 656 >0 | B0y
S1DOF03 | SUC0 | 1506 | 216 1] 2070 | 4.q | 9582808 | 9582967 |,
sooro S80S0 | | ae| | e s O O
SiDOF05 | SIS0 | o378 | 178 1] 2014 | 6. | 1393000 | 1353689 |
N TR e e
siDOF07 | SYeh2C0 9207 | 109 2| 2072 | 91| 3740812 3740032 1
S1DOF08 | v 2G| 10176 | 199 2| 20,69 | 901 | 1OAOSL| IAIBTS I,
stDOF09 | S0e02C0 | 1701 | 207 2| 2309 | 652 | 101 | HOIIBI,
siDOFL4 | S0e0350 | 2120 | 306 3| 3321 | 0.6 | 3900020 | 3300838 |
siDOF15 | 500350 | 51| 341 3| 3662 | 912 | 3317499 | SBITTIB [
siDOF16 | S1e050 | 753|200 43207 | g9 | °009033| SEOIOB T,
SIDOF17 | e 4SO | g25 | 269 +| 2958 | 16| 61118 8611200 |
SiDOF18 | e iSO | 513|383 s 4321 | gsg | 5099261 | SEOBRL2 [
siDOF19 | 5050450 | g7a | 337 4] 3665 | 61| 1009190 70832931,
siDoF20 | SUe0450 | esa | 223 4| 2483 | g7 | 9220978 [ 9223443 |,
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SIDOF21 fgggo“fo 1470| 257 4] 283 | o7 | 220920 | 92AT3 1,
SIDOF22 girggoﬂeo 867 | 347 4| 371 | 658 1034185 10341‘712 '
sDOF23 | STe4C0 | 1785 | 38 4| a28 | 755 | 100|104
siDOF24 | 300080 | o070 | 472 5| 5122 | 524 200000 | T8I
siDOF25 | S0o0050 | o061 | 250 5| 27.14 | 895 | 1990033 | T99OI 1,
siDOF26 | 500090 | 067|274 5| 305 | 7.3 | 1007920 | 100750 1
sipoF27 | 0050 | aeaa | 170 6| 19.06 | oz | M3 AL
siDOF28 | S0o00%0 | 1057 | 323 6| 35.68 | 7.69| 9309927 | 9389452
SIDOF29 ggg‘gonO 929 | 217 5| 2283 | 768 9773192 9773282 .
siDOF30 | Soe0050 | 2118|302 6| 431 | 92| 2090992 | 980T,
siDOF3L | Soe00%0 | 1235 | 108 6| 22.06 | 863 | 2000022 | 8T I,
siDOF32 | 3070 | 2510 | 380 7| 423 | goz| 040107 804638,
siDOF33 | 5070 | 2100 | 342 7| 37.96 | o7 | 210191 | 9216401 |
siDOF34 | ooev880 | 1740 | 340 8| 37.88 | 599 | 2112180 | HTH0ZL,
sDOF35 | oo 880 | 1743|103 8| 2158 | 063 2230140 | 223 1,
SIDOF36 | SrorocC | 789 | 313 8| 34.33 | g7z | 20M°0%| SU4980 1
sDOF37 | SU8C0 | Gig | 24 8| 27.43 | 9.3 | O0SHY| 103D I
sDOF38 | 50900 | 780 | 205 9| 325 | 911 | STV | STSHY T
siDOF39 | 500950 | 1709 | 310 9| 3427 | gge | S00144]| 3L
siDOF40 | S0o0990 | 4751 | 264 9| 2096 | 84| *1310Z3| 4TSN
siDOF4L | S0 0 | 4saa| a8l 10 | 5216 | 533 | 1004003 | 1020,
siDOF42 | SHEPA0C | 1975 | 481 10| 5216 | 5.3 | 9570452 | 9576651 [
siDOF43 | SIS | o726 | 335 11| 361 | 972 | 730700 | 7307908 |
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Streb.11G 7325617 | 7325782
SrDOF44 010920 1 1652 335 11| 36.1 9.72 5 6
Streb.11G 7547643 | 7547720
SrDOF45 011370.1 762 262 11| 29.39 | 4.79 9 0
Streb.11G 7908446 | 7908566
SrDOF46 0125201 1208 131 11| 1467 | 9.71 5 9
Streb.11G 8590932 | 8590992
SrDOF47 014700.1 600 262 11| 2953 | 8.76 3 5
Streb.11G 8640245 | 8640305
SrDOF48 014810.1 600 290 11| 324 8.74 5 4
Streb.11G 1039386 | 1039396
SrDOF49 023590.1 981 261 11| 29.05 | 7.65 47 57
Streb.Cont
SrDOF50 | ig03291G 1696 335 | Contig03291 36.1 9.72 8346 10041
000010.1
Streb.Cont
SrDOF51 | ig03842G 2510 481 | Contig03842 | 52.16 | 5.48 61036 63545
000020.1
Streb.Cont
SrDOF52 | ig05355G 617 161 | Contig05355 | 18.46 | 8.59 14294 14910
000010.1
291.5 32.6 7.9

Chromosomal map chart

The chromosomal map chart is shown in figure 1.
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Figure 1: Chromosome Map of 52 SrDOF Gene
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Phylogenetic Tree Analysis

Phylogenetic tree analysis was used to explain the evolutionary History of DOF genes. Phylogenetic tree
analysis of 52 SrDOF proteins clustered into 4 major groups as shownin figure. Groupl contain
highest number of 18 sequences. SrDO18 & SrDOF20 are closely clustered in Groupl and
located on same chromosome4. SrDOF41 & SrDOF42 occur undersame parent node and located

on same chromosomel0.
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Figure 2: Phylogenetic Tree of 52 SrDOF Protein Sequences

SrDOF 51 is not located on any chromosome but on a separate scaffold (contig03842) DNA also
clustered in Groupl. Group2contain 13 SrDOF transcription factors. S'tDOF07 & SrDOFO08
comes under same parent nodeand distantly located on same chromosome2. Group3 contain



Page 5379 of 13

lowest number of SrDOF genesi.e., 10. STDOF38 & SrDOF39 are closely located on
chromosome9 and clustered as sister clades under same parent nodes. SrtDOF03 and SrDOF04
comes under same parent node and located on same chromosomel. SrtDOF52 gene is not
clustered on any of the S. rebaudiana chromosome but on a separate scaffold (contig05355).
Group4 contain 11 SrDOF sequences. SrDOF11-13 and SrDOF43-46 gene clusters that are
located on chromosome2 and 11, comesunder Group4. SrDOF50 that is located on separate

scaffold (contig03291) also comes under group4.

Gene Structure of SrDOF Gene Family

Gene Structure Display Server program was used to analyze the intron-exon organization using
genomic and coding sequences of the SrDOF gene (18). The gene structure of 31 SrDOF genes
is shown in figure. The majority of the STDOF genes had a one-exon gene structure, which is
consistent with DOFgene structures found in other plants (19). Majority of STDOF genes are
intron less genes. Only SrDOFO05, 40, 50, 51 and 52 genes contain an intron in their gene
structures. All SrDOF genes are less than 5kb but Only SrDOFO8 is of 19kb Figure.3.
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Figure 3: Alignment view of 52 SrDOF Transcription Factors



The gene structure has been shown in figure 4.
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Motif Analysis of 52 SrDOF Transcription factors
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Figure 4: Gene Structure of 52 SrDOF Genes
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In addition, 15 conserved motifs were observed in all these proteins. Most of the STDOF

members in the same subfamily shared some conserved motifs, reflecting the functional

conservation of these proteins. Motifl and 2 present in most of the SrDOF proteinsin dimer
form. SrDOF17 & SrDOF20 do not contain motif 1. The motif analysis is given in the

Figure 5.
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Figure 5: Motif Analysis of 52 SrDOF Family

Subcellular Location of the DOF Transcription Factor Proteins:
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As predicted by the WoLFPSORT (https://wolfpsort.hgc.jp/ ) tools most of the proteins are

localized inside the nucleus while other exist in the extracellular space and chloroplast

respectively as shown in the Figure 6.
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Figure 6: Subcellular Localization probability of DOF Transcription Factor Proteins

Conclusion
It is concluded that, we identified 52 DOF transcription factor genes and their physical

position on the chromosomes, evolutionary history, gene structure, encoded proteins,
subcellular location and motif were identified. Results discovered that gene structure and
motif distribution characteristics were generally maintained across subfamilies. More than 15
conserved motifs were observed in all these proteins. The Zf Dof Superfamily domain is
found in all DOF proteins except STDOF 17 & 20.
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