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Abstract 
The Dof (DNA binding with one finger) is a typical example of plant specific transcription factor 
involved with regulation of diverse genes associated with multifarious roles. Attempts are being made 
to characterize the Dof gene family of the important vegetable crops namely tomato (Lycopersicum 
esculentum) using available ESTs retrieved from the sequence information generated by the efforts of 
the  international SOL consortium associated with the whole genome sequencing, assembling and 
annotating these genomes. Studies have revealed the presence of at least 23 Dof genes in tomato 
based on the available ESTs. The size of predicted 23 Le Dof (Lycopersicum esculentum Dof) related 
ESTs ranged from 384-804 bp with varying position of Dof domain region. Predicted 23 LeDof gene 
were subjected to multiple sequence alignment, phylogenetic tree construction, and motif analysis. 
The multiple sequence alignment of these predicted Dof gene family clearly revealed the presence of 
conserved four cysteine residues. Dendrogram construction revealing three major group for L. 
esculentum.. Motif analysis shows that Motif 1 is conserved in all Dof EST sequences except EST 
sequence with accession no. AI486973.1a nd AW648310.1. Protein family analysis of these motifs 
shows there resemblance to Dof  Domain, Zinc Finger (Trascription Factor) family. 
 
Keywords: Tomato, Lycopersicum esculentum, Solanaceae, Dof gene, genome sequencing, 
Arabidopsis. 
 
Introduction 
Many biological processes are strictly regulated 
through transcriptional control of particular genes 
in plants. Thereby, plants appear to need a large 
number of transcription factors governing proper 
and strict transcriptional regulation in response to 
developmental programs and environmental 
changes. Some classes of plant transcription 
factors share similar DNA-binding domains with 
animal transcription factors, whereas other 
classes of transcription factors appear to have 
classes of transcription factors specific to plant 
only (Yeangisawa et al., 2004). A family of TFs 
putatively specific to plants is the Dof (DNA-
binding with One Finger) of 200-400 amino acids 
(Yeangisawa et al., 2002). Dof protein share a 
conserved DNA binding domain of 52 amino 
acid residues referred as Dof domain that is 
structured as a Cys2/Cys2 Zn finger (Umemura et 
al., 2004)    recognizes Cis regulatory element 

containing the common core 5’-AAAG-3 
(Yeangisawa et al., 1999).  
 
Dof proteins contain only a single copy of Dof 
domain fond in their N terminal regions and a 
domain for transcriptional regulation regions on 
their C-terminus regions. Serine stretches that are 
frequently located immediately downstream of 
the Dof domains might be the molecular hinges 
linking two domains (Yeangisawa et al., 2002). 
Dof transcription factors controls many vital 
processes in plants such as photosynthetic carbon 
assimilation, light regulated gene expression, 
accumulation of seed storage proteins, 
germination, dormancy, response to 
phytohormones, flowering time, and guard cell-
specify gene expression (Lijavetzky et al., 2003)  

. The Dof domain is a bifunetional domain that 
mediates not only DNA-protein interaction but 
protein-protein interaction also. Dof domains 
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interacted with maize HMG proteins and 
different HMG proteins enhanced DNA binding 
of Dof proteins to different extents. (Yeangisawa 
et al., 1997; Krohn et al., 2002) In cereal crops 
like maize rice, barley and wheat different Dof 
genes have been reported. In rice, 30 divergent 
Dof genes have been predicted through genome 
analysis (Lijavetzky et al., 2003)   and 24 
different Dof genes are reported in barley 
(Moreno-Risueno et al., 2007).  In case of wheat 
31 different Dof gene sequences containing the 
Dof domain were identified thorough a survey of 
the presently available nucleotide sequence 
databases (Shaw et al., 2009). In maize 54 
diverse Dof genes have been predicted on the 
basis of protein sequence databases by comparing 
them with pfam signature domains (Libault et 
al.,2009)  Phylogenetic relationships between 
rice and Arabidopsis Dof proteins have been 
previously established and four major clusters of 
orthologus genes (MCOGs) identified. 
Phylogenetic analyses have been also described 
for other plant TF families such as the WRKY, 
R2R-MYB, bZIP, MADS, GATA, etc (Eulgem et 
al., 2000; Martin et al., 1997; Jakoby et al., 2002; 
Parenicova et al., 2003; Reycs et al., 2004).  The 
origin and evolution of the Dof transcription 
factor family based on phylogenetic analysis of 
Dof sequences across the representative 
organisms belonging to green unicellular algae to 
vascular plants has attempted. A total of 116 Dof 
genes representing green unicellular alga 
(Chlamydomonas reinhurdtii), moss 
(Physcomitrulla patens), fern (Selaginella 
moellendorffii), gymnosperm (Pinus taeda), 
dicotyledoneous angiosperm (Arabidopsis 
thaliana) and monocot (Oryza sativa and 
Hordeum vulgare) were analyzed by various 
bioinformatics tools. The phylogenetic tree 
constructed revealed the existence of six major 
clusters of orthologous and paralogous genes that 
probably originated by gene duplication events 
from a paraphyletic basal grade( Moreno-
Risueno et al., 2007) 
 
Tomato (Lycopersicum esculentum) represent 
important food crop of Solanaceae   family 
having essential nutrients as carbohydrate, 
proteins, fat, vitamins and minerals and having 
medium size plant genome. Efforts are in 
progress to sequence the whole genome of S. 
tuberosum & under Lycopersicum esculentum 
International Solanaceae Genome Programme 
(SOL). International tomato genome sequencing 
project (ITGSP) has released   information that 

53% sequencing of tomato genome is completed 
out of 950 million bp sequences. Availability of 
sequence information along with ESTs of these 
crops provides an opportunity to reveal the 
diversity of Dof gene(s). The predicted Dof gene 
can further be PCR amplified, cloned in suitable 
vector, sequenced and characterized in silico.   
The cloning of putative Dof genes can further be 
investigated for its association with different 
functions so that it can be manipulated for 
addressing problem associated with these crop 
mainly the susceptibility for various abiotic 
(drought, high temperature) and biotic, as leaf 
curl disease of tomato. 
 
 
 
 
 
 
Materials and Methods 
The non redundant Dof proteins of Arabidopsis 
were retrieved from two different sources namely 
DATF (http://datf.cbi.pku.cn) database and 
NCBI, (http://www.ncbi.nlm.nih.gov). The 
nucleotide and deduced amino acid sequences 
Dof domain of Arabidopsis were used to search 
the potential Dof genes in the genome of L 
.esculentum through BLASTN, TBLASTN and 
discontinuous MEGABLAST  (Altschul et al., 
1990) at the NCBI database 
(http://www.ncbi.nlm.nih.gov) (Pruitt et al., 
2007). The annotated Dof genes of L .esculentum 
(Table - 1), were further subjected to 
bioinformatics tools namely ORF finder for 
fishing out putative CDS and best suitable CDS 
was used for sequences Alignments by the 
Clustal X 2.0.10 (Thompson et al., 1998). The 
phylogenetic tree was inferred by bootstrap (1000 
reiteratations), NJ, phylogenetic inference using 
clustal X 2.0.10. The deduced protein sequences 
of the putative 23 Dof genes of L .esculentum. 
were analyzed by means of the MEME (Multiple 
EM for Motif Elicitation) 
(http://www.meme.sdse.edu) software version 
4.3.0 default parameters were used with the 
following exceptions: the occurrence of a single 
motif was set to any number of repetitions then 
maximum number of motifs to be set to 25 and 
the minimum width of each motif was set to five 
amino acid residues. The putative Dof protein 
sequences were subjected to protein functional 
analysis using pfam (Finn et al., 2006) version 
24.0 (http://pfam.sanger .ac.uk/). 
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Table-1:  In silico predicted Dof  sequences using  ESTs of  L .esculentum 

 
 
Results and Discussion 
There was 23putative Dof gene were predicted in 
L .esculentum based on availability of EST 
sequences and the complete catalog of Dof 
protein in a single plant species is useful for 
viewing the structural and functional diversity 
among Dof proteins as a whole. In order to 
evaluate the evolutionary relationship between 
different Dof proteins, and to predict the 
homologous relations among them, the deduced 
amino acid sequences of the Dof proteins 
identified were completely aligned. The sequence 
alignment of Dof domains (Fig. 1) of different 
LeDof proteins showed well conserved four 
cysteine residue putatively responsible of the zinc 
finger structure. The Dof domain in L. 
esculentum revealed highly conserved sequences 
with 30 out of 52 amino acids beings 100% 
conserved in all 18 out of 23 proteins. 
Phylogenetic tree revealed the existence of three 
major groups A, B & C in     L. esculentum. 
Group A was divided into two subgroups A1 & 
A2. Group B & C was divided into two subgroup 
B1 & B2 and C1 & C2. Further A1 & C2was 
divided in A1.1 & A1.2 and C2.1 & C2.2 
respectively as shown in Fig. 2. As a result the 
Dof family in. L .esculentum exists in six 

subgroups constituting eight clusters. The 
bootstrap value for all the subgroups was very 
high, suggesting that the genes in each subgroup 
might share a similar origin. The phylogenetic 
tree of Dof gene family in L. esculentum suggests 
that the branching of Dof genes might produce 
functional diversity. Motifs were identified by 
means of the MEME software using the 23 
LeDof proteins of. L. esculentum A total of 
twenty five conserved motifs were observed. The 
distribution of conserved motifs in different Dof 
accessions with respect to cluster is provided in 
table 2. The motifs are conserved with respect to 
their sequences. In this analysis both types of 
motifs were identified those which are present 
only in closely related genes and those which are 
commonly found in all genes according to 
phylogenetic tree. The motif 1with is frequently 
observed in among all Dof genes which reflect 
the conserved Dof domain. Motif next to motif I 
in frequent occurrence is motif 2. This motif is 
present in sixteen proteins out of twenty one. In 
spite of this, motifs, 3, 4, 5,6,7,8, 9, and 10 are 
present only in the closely related ESTs.A 
detailed information about motif 1 given in table-
2. The shown Consensus sequence follows the 
criteria of (Joshi et al., 1997). 
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                      Figure 1: Multiple sequence alignment of Dof Domain of L .esculentum 
 

 
Figure 2: Phylogenetic tree of L .esculentum constructed 
based on amino acid sequences of predicted Dof gene 
using NJ method. 

       
                     Table-2:   Schematic representation of conserved motif in L . esculentum 
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                     Table- 3: Multilevel consensus sequence of the motif 1 

 
 
Conclusion 
There was 23 putative Dof gene were predicted 
in L .esculentum based on availability of EST 
sequences. The Dof domain in L .esculentum 
revealed highly conserved sequences with 30 out 
of 52 amino acids being well conserved in all 17 
proteins sequence .Another 22 amino acids were 
also highly conserved with variation in only 
three amino acid residues. The Dof family in L. 
esculentum exists in six subgroups and eight 
clusters The bootstrapping of tree suggesting 
that the genes in each subgroup might share a 
similar origin. Motif analysis shows that Motif 1 
is present in all Dof ESTs and significantly 
matched with Dof Domain (Zinc Finger) in 
signature Domains of pfam .Further 
characterization of these predicted Dof genes for 
chromosomal location, gene structure and Cis-
regulatory element analysis for putative 
functions can provide based on this information. 
PCR based cloning and sequencing of predicted 
Dof genes of potato followed by expression 
profiling will elucidate the exact role being 
played by this important transcription factor. 
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