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SUMMARY 

The sugarcane (Saccharum officinarum) stress-related MYB transcription factor gene, 
ScMYBAS1-3 demonstrated induced response to water-deficit and salt stress in our 
previous study. In order to elucidate its sequence-to-structure-to-function paradigm, the 
putative three-dimensional structure of ScMYBAS1 was generated using threading 
assembly refinement (I-TASSER) server. Further, PROCHECK, Verify-3D, PROMOTIF 
and ProSA programs were used to test the quality of model and the scores were within 
the recommended intervals. The models shed valuable information necessary for future 
identification of DNA binding regions and the prediction of co-regulated stress induced 
genes by docking studies.  
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1. Introduction 
The functional characterization of 

transcription factor proteins represents a 
major challenge for biochemical, medical and 
computational sciences. To keep pace with 
current structure determination and 
sequence data analysis, computational 
protein structure prediction is a dynamic 
research field steadily increasing in 
biotechnology communities (Pieper et al., 
2004). There are three computational protein 
structure prediction methods are available 
(Murzin, 2001): (1) comparative modeling, (2) 
fold recognition, and (3) ab initio methods. 
Several reviews have been published 
recently on various aspects of structure 
modeling (Kryshtafovych and Fidelis, 2009).  

With the improvement of prediction 
techniques, there are numerous examples 
where in silico models were used to drive 

further experimental assays like inferring 
protein function, protein interaction partners 
and binding site locations, design or improve 
novel antibodies or enzymes (Zhang, 2009; 
Pierri et al., 2010). 

Among the several prediction techniques, 
the iterative threading assembly refinement 
(I-TASSER) server is an integrated platform 
for automated protein structure and function 
prediction based on the sequence-to-
structure-to-function paradigm (Roy et al., 
2010). Starting from an amino acid sequence, 
I-TASSER first generates three-dimensional 
(3D) atomic models from multiple threading 
alignments and iterative structural assembly 
simulations. The function of the protein is 
then inferred by structurally matching the 3D 
models with other known proteins. 
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Sugarcane (Saccharum officinarum L.) is an 
important industrial sugar crop of tropical 
and subtropical regions, accounting for 
almost two-thirds of the world’s sugar 
production. One of the major limitations in 
sugarcane production is a shortage of water 
(Menossi et al., 2008), demanding efforts to 
investigate the adaptation and tolerance 
mechanisms of stress at the molecular level. 
In our earlier study, a suppression 
subtractive hybridization (SSH) approach 
was used to isolate expressed sequence tags 
(ESTs) up-regulated during water-deficit 
stress in sugarcane (Prabu et al., 2010). 
Among the genes identified, ScMYBAS1 (acc. 
no. EU670236) encoding a putative MYB 
transcription factor was found to be up-
regulated by water- deficit and salinity stress 
(Prabu et al., 2010).  

A large group of plant transcription 
factors such as AP2/EREBP, bZIP, WRKY, 
MYB and zinc finger proteins has been 
characterized as a part of gene regulation 
through which plants respond to biotic and 
abiotic stresses (Grotewold, 2008). Recently 
these transcription factors regulating stress 
responsive genes have become important 
target genes for improving plant stress 
tolerance. Among them, MYB family of 
genes/proteins constitute largest, 
functionally diverse group of plant 
transcription factor with varying numbers of 
MYB domain repeats conferring their ability 
to bind DNA.  Members of this family are 
key factors in regulatory networks 
controlling development, metabolism and 
responses to biotic and abiotic stresses (Du et 
al., 2009). The elucidation of MYB protein 
structure - function relationship by 
computational or experimental methods will 
provide the foundation for predicting the 
contributions of MYB proteins to the biology 
of plants in general. Therefore, in this study, 
the three-dimensional structures of 
ScMYBAS1-3 was generated using the 
multiple threading alignments and iterative 
structural assembly simulations. Further, the 
predicted structural model was evaluated by 
using structure quality assessment programs.  
 
2. Methodology 
Three dimensional structure prediction 

The iterative threading assembly 
refinement (I-TASSER) server (Roy et al., 
2010) was used to predict the three 
dimensional structure of the ScMYBAS1-3. 
There were three stages involved in this 
procedure:  
 
Stage 1: Threading 

(i)The query protein sequence, 
ScMYBAS1-3 was matched against a 
nonredundant sequence database by 
position-specific iterated BLAST (PSI-BLAST; 
(Altschul et al., 1997)). 

(ii)Based on multiple alignment of the 
sequence homologs, a sequence profile was 
created for prediction of secondary structure 
using PSIPRED (Jones, 1999). 

(iii)Based on the sequence profile and the 
predicted secondary structure, ScMYBAS1-3 
sequence then threaded through a 
representative PDB structure library using a 
locally installed meta-threading server 
(LOMETS) and the threading programs 
(FUGUE, HHSEARCH, MUSTER, 
PROSPECT, PPA, SP3 and SPARKS). 

(iv)Based on the threading results, top 
template hit was then selected for further 
modelling. The quality of the template 
alignment was judged by statistically 
significant energy (Z-score).  

 
Stage 2: Structural assembly: Ab-initio 
modeling 

(i)Based on the threading alignments, 
aligned sections that aligned well was 
excised from the template structure. 

(ii)The unaligned regions were modeled 
by ab-initio modeling (Jauch et al., 2007). 
 
Stage 3: Model selection and refinement 

(i)Fragment assembly simulation was 
performed again starting from the selected 
cluster centroids. 

(ii)During this second round of 
simulations, the lowest energy structures 
were selected as input for REMO (Li and 
Zhang, 2009), which generates the final 
structural model through the optimization of 
hydrogen bonding networks. 

 
Structure quality assessment 

Based on the I-TASSER predictions, five 
different models of the ScMYBAS1-3 
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structure were generated. Finally one model 
was selected by the overall stereo chemical 
quality.  

To test the quality of the model, the 
PROCHECK (Laskowski et al., 1993), Verify-
3D (Eisenberg et al., 1997) and ProSA 
(Wiederstein and Sippl, 2007) programs were 
used. The stereo chemical quality of the five 
best scoring models were assessed by 
PROCHECK. The overall stereo chemical 
quality of the model was assessed by 
Ramachandran plot analysis. ProSA program 
(https://prosa.services.came.sbg.ac.a 
t/prosa.php) was used to evaluate the 
energy of the structure using a distance-
based pair potential.  
 
 
 

3. Results and Discussion 
Three dimensional structure of ScMYBAS1-
3 

In order to better characterize the 
ScMYBAS1-3 protein and unavailability of 
evolutionarily homologous template 
structure, threading and ab initio modelling 
was performed using I-TASSER platform 
(Roy et al., 2010). I-TASSER generates three-
dimensional (3D) atomic models from 
multiple threading alignments and iterative 
structural assembly simulations. From the 
result of PSI-BLAST, a sequence profile was 
created based on multiple alignment of the 
sequence homologs. This sequence profile 
was used to predict the secondary structure 
of ScMYBAS1-3 with a statistically significant 
Z – score of > 1 using PSIPRED (Fig. 1A; 
Jones,1999).

  
Fig 1. Three dimensional structure of ScMYBAS1-3. (A) Predicted secondary structure of the ScMYBAS1-3. The 

prediction contains α-helix, coil structures are designated as H, C respectively with confidence scores for each 
residue (between 0 to 9) (B) predicted model of ScMYBAS1-3 using I-TASSER. The figure was produced using 
Pymol and Discovery studio visualizer 2.5. The α-helices in R2 and R3 repeats, hydrophobic patch, conserved 
tryptophan residues, nuclear localization signals (NLS1, NLS 2) and the transactivation motif (Motif 52) are labeled 
in white 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
In total five models were generated by I-

TASSER server from which the model with 
lowest C-score (-3.60) was selected as the best 
(Fig. 1B) and subjected to internal evaluation 
of self-consistency checks. As described in I-
TASSER (Roy et al., 2010), C-score is an 
estimate of the quality of the predicted 
model and confidence of structure prediction.  

As a final test of the quality of the model 
(Fig. 1), the PROCHECK, Verify-3D, 
PROMOTIF and ProSA programs were used. 
The PROCHECK was applied to quantify the 
residues in available zones of the 
Ramachandran plot. Thus, 85.4 % of residues 
were located in the most favored zones, 
10.1 % in allowed regions, 2 % (four residues) 
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in disallowed region. The Goodness factors 
(G-factors), from the PROCHECK results 
showed the quality of covalent and overall 
bond-angle distances. The comparable 
Ramachandran plot characteristic and the 
goodness factors confirm the quality of the 
modeled structure.  

Verify-3D uses a score function to assess 
the quality of the model. The Verify-3D 
profile for the final structure showed that 
86.4 % residues with a score over 0.2, thus 
the predicted ScMYBAS1-3 model was 
considered as reliable.  

The identified structural motifs and their 
locations in the predicted model were 
evaluated using PROMOTIF program and 
presented in Table 1. Finally, ProSA 
program evaluates the energy of the 
structure using a distance-based pair 
potential. Residues with negative ProSA 
energies confirm the reliability of the 
predicted model. The z-score (-3.56) value is 
displayed in plot that contains the z-scores of 
all experimentally determined protein chains 
in current PDB and indicates overall model 
quality.

 
Table 1. Structural motifs identified in the predicted ScMYBAS1-3 structure using PROMOTIF program. (A) α-hleix 

(B) β- turn and (C) γ- turn motifs 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Overall architecture of ScMYBAS1-3 model 

The ScMYBAS1-3 structure contains 11 α- 
helices, 25 β-turns and five γ- turn motifs 
(Table. 1A, B and C). The ScMYBAS1-3 
contains two imperfect tandem repeats of 53 
and 49 amino acids, designated as R2 and R3. 
As shown in Table 2, R2 and R3 repeat 
regions consists of three well defined α-
helices and two less-well defined turns 
respectively forming a helix-turn-helix (HLH) 
structure (Fig. 1B). Three and two regularly 
spaced (20 residues apart) tryptophan 
residues were present in R2 and R3 repeat 

respectively (Fig. 1B), which forms a 
tryptophan cluster in three-dimensional 
HLH structure (Table 2; Fig. 1B) and critical 
in sequence-specific binding. These 
structures are in accordance with the 
reported characteristics of typical plant R2R3 
MYB proteins (Ogata et al., 1992; Ying et al., 
2000). The third α-helices predicted in R2 and 
R3 repeats make contact with the DNA bases 
and thus determine the binding specificity 
(Ogata et al., 1992; 1994).
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Table 2. Overall structural architecture of the predicted ScMYBAS1-3 model as shown in Fig. 1B 

 
4. Conclusion 

Present computational modelling study, 
has provided structure of DNA binding 
sugarcane transcription factor (ScMYBAS1), 
which would definitely assist structure based 
docking studies to accelerate the search of 
interacting DNA regions and or proteins.  
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