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Abstract- OsCKX2 is an important protein of  Oryza 

sativa which helps in high grain production. The 

objective is to find out the structure of protein and to 

represent the best 3D model by using insilico analysis. 

In Oryza sativa the OsCKX2 is homologous to maize 

(zea mays) cytokine oxidasedehydrogenase, which is 

responsible for plant growth and development. The 

following study was obtained by predicting the 3D 

structure of  OsCKX2 in Oryza sativau using homology 

modeling concept with the help of  bioinformatic tools 

i.e, 3D-JIGSAW, SWISS-MODEL, MODELLER9.12  

and PHYRE2. The 3D structures were further 

evaluated and steriochemical analysis was done by 

using RAMPAGE server for Ramachadran plot 

analysis. The best model was selected on the basis of Z-

score and 3D-1D score. 

Index Terms- oryza sativa, OsCKX2 protein, 3D 

structure, structure prediction, homology 

I. INTRODUCTION 

Rice is cultivated in more than 100 countries 

worldwide on approximately 150 million hectares of  

land where India ocuupies first position in production 

of rice. The GN1A gene of rice is found in japonica 

subspecies having Cytokinin 

dehydrogenase2(OsCKX2) protein. This protein is 

generally responsible for high grain production in 

rice(Shuyu Li et al.,[1], Ashikari et al.,[2]). The uniprot 

ID of the protein is Q4ADV8. The function of this 

protein is it catalyzes the oxidation of cytokinins, 

which is a family of N(6)-substituted adenine 

derivatives and theses are plant hormones helping for 

well growth and development. The substituent of 

protein is an isopentenyl group  changes the number 

of reproductive organs by regulating the cytokinin 

accumulation in inflorescence meristems. The protein 

leads in high grain production and higher cytokinin 

levels in inflorescence meristems(Schmuelling et 

al.,[3]). The protein is mostly expressed in leaves, 

culms, inflorescence meristems, and flowers and in 

vascular tissues. The protein belongs to the oxygen-

dependent FAD-linked oxidoreductase family having 

1 FAD-binding PCMH-type domain. The protein 

interacts with FAD, flavin-adenine dinucleotide, the 

coenzyme or the prosthetic group of various 

flavoprotein oxidoreductase enzymes, in either the 

oxidized form, FAD, or the reduced form, FADH2. 

Cytokinin acts as a growth regulator in plants. The 

binding of cytokinin to the receptor leads to 

transcription.  The enzyme catalyzes the oxidation of 

one compound with the reduction of another. Protein 

helps in the cytokinin signaling pathway. The 

phytohormones are synthesized in the root apical 

meristem and transported through the plant in the 

xylem sap. Cytokinins are involved in several 

physiological processes such as promoting cell 

division, chloroplast maturation, regulating cell 

growth , differentiation,  monitoring nutrient uptake 

and senescence(Ashikari M et al[4]). Auxin also 

regulates the cell cycle and tissue morphogenesis. 

II. MATERIALS AND METHODS 

The genbank ID of the GN1A gene was retrived from 

RAP-DB rice database which showed the protein 

evidence against Uniprot database.  

The protein sequence, name, origin, protein 

attributes, general annotation and entry information 

was retrieved from the National centre of 

Biotechnology information (NCBI) or from Uniprot 

database. The amino acid sequence is available in 

FASTA format.  

The secondary structure prediction was done by using 

CFSSP tool(Jabeen et al.,[5], Isvoran A et al.,[6]). GOR 

V is another tool for secondary structure prediction of 

proteins(Taner et al.,[7], Kloczkowski[8]).  

Comparative homology modeling of the protein was 

done by using PHYRE2 server(Kelly et al.,[9]), 

Modeller9.12(Madhusudhan et al.,[10]), 3DJIGSAW 

tool(Bates et al.,[11]), SWISS-MODEL tool.  After 

predicting the 3D structures structural evaluation and 

http://www.uniprot.org/uniprot/?query=family:%22oxygen-dependent+FAD-linked+oxidoreductase+family%22
http://www.uniprot.org/uniprot/?query=family:%22oxygen-dependent+FAD-linked+oxidoreductase+family%22
http://www.uniprot.org/uniprot/?query=domain:%22FAD-binding+PCMH-type+domain*%22
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stereo-chemical analysis was done by using various 

evaluation and validation tools like PROCHECK 

saves server and RAMPAGE program.  

The backbone conformations like allowed regions, 

disallowed regions of  Psi/Phi Ramachandran plot 

was predicted by using above evaluation tools(Lovel 

et al.,[12]). 

Energy calculations on a protein chain were 

performed by atomic empirical mean force potential 

ANOLEA (Melo et al.,[13]).  

A plot obtained from the Verify3D (Eisenberg D.,[14]) 

structure evaluation Server that represented the 

average3D-1D profile score. Verify3D analyzes the 

compatibility of an atomic model with the 

corresponding amino acid sequence. 

III. RESULTS AND DISCUSSION 

The secondary structure which was predicted by 

SOPMA showed that it has 35.93% of alpha 

helix(Hh), 16.46% extended strand(Ee), 6.19% beta 

turn(Tt), 41.42% random coils(Cc). The following 

graph which obtained by using CFSSP software 

shows the helix, sheet, turn and coil 

respectively(fig.1). 

Fig.1 secondary structure predicted by CFFSP (chou & fasman secondary structure prediction server) 

The main objective for predicting the structure of 

proteins is to predict the homolog’s of known 3D 

structure. This process is called template-based 

homology modeling or fold recognition.  

The homology modeling helps to understand the 

function, interaction as well as location of the 

protein. The OsCKX2 protein of Oryza sativa have 

565 amino acids which is homolog to maize cytokine 

oxidase dehydrogenase with the PDB-ID 3S1D 

having A chain. Four 3D models were obtained by 

using various protein structure prediction tools(fig.1, 

fig.2, fig.3, fig.4). 

The sequence similarity with homolog by using  

swiss model was 57.40%, by using phyre2 was 

57%.00, by using modeller9.12 was 55.00% and by 

using 3DJIGSAW was 55.08%.  

so the best model was generated by using SWISS-

MODEL(fig.5).  

The predicted models were visualized using various 

visualization tools i.e, Pymol, Rastop, Jmol, 

Discovery studio, Rasmol and the easy visualization 

tool was Pymol.    

 
                      Fig.2 3D model of OsCKX2 protein                                              Fig.3 3D model of  OsCKX2 protein                                       

                                                                                                                               by modeller9.12 using 3DJIGSAW 
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Fig.4 3D model of OsCKX2 protein using PHYRE2                                  Fig.5 3D model of OsCKX2 protein  

                          using swiss model 

 
The objective of using four different model building 

tool was to predict the perfect alignment to a 3D 

model. SWISS-MODEL tool is used most frequently 

to generate the 3D models from a small number of 

rigid bodies, obtained from the core of the aligned 

regions (Blundell et al.,[15]). The confirmation of final 

three-dimensional (3D) structure was predicted by 

the Phyre2 server, which is an automatic fold 

recognition server for predicting the structure and the 

function of proteins based on homology modeling.  

The predicted models might posses error due to 

energy of the model or from the resemblance of a 

given characteristic of the model to real structures. So 

the evaluation of the model was carried out by using 

ANOLEA and Verify3D tools 

 

Table 1 Model evaluation of proteins by using ANOLEA and Verfy3D tools 

 

Protein Modeling 

program 

Evaluation 

program 

Torsion 

angle 

energy 

Z-score 3D-1D 

profile 

 3DJIGSAW ANOLEA -38.19 -1.65  

  Verify3D - - 0.73 

 MODELLER9.12 ANOLEA -72.67 -0.57  

OsCKX2  Verify3D - - 0.77 

 PHYRE2 ANOLEA -90.42 -1.52  

  Verify3D - - 0.77 

 SWISSMODEL ANOLEA -72.67 -0.57  

  Verify3D - - 0.77 

 
The objective of using Verify3D method was to test 

the compatibility of an atomic model with respective 

to it’s amino acid sequence. Verify3D generally uses 

the 3D structure profile for analyzing each residue, 

it’s location, alpha, beta, loop, polar, apolar etc. -1 is 

considered as bad score whereas +1 is considered as 
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good score(Eisenberg, 1997[16]). The energy 

constituent of protein may not fully 100% correct in 

the predictive manner. So an energy minimization 

tool named ANOLEA was performed on a protein 

chain, evaluating the "Non- Local Environment" 

(NLE) of each heavy atom in the molecule (Melo 

etal.,[17]). ANOLEA result generally shows high 

energy (%) and pseudo Z-score. From the Z-score, 

high energy region(HEz) of the protein profile the 

stability of protein can be predicted. Lower Z-score 

means higher reliability and vice versa. Two same 

qualities of models were formed by using Phyre2 and 

SWISS-MODEL server where the Z-score is -0.57 

while the models generated by using 3DJIGSAW 

server gave the Z-score of -38.19 and the models 

generated by using MODELLER9.12 tool gave the 

Z-score of -72.67. The correct and specific alignment 

method obtained by combining, weighting and 

screening the results of several multiple alignment 

programs help to find the best Z-score and the final 

three-dimensional structure was built using the 

modeling package MODELLER. The 3D-1D profile 

scores, obtained from Verify3D, of  OsCKX2  

models is 0.77 obtained from Phyre2 and SWISS-

MODEL servers. MODELLER9.12 and 3DJIGSAW 

homology modeller resulted in -72.67 and -38.19 

respectively. The 3D structures which were generated 

in SWISS-MODEL and Phyre2 servers are identical 

having the same number of α helixes and β sheets. Z-

score of SWISS-MODEL, MODELLER and Phyre2 

modeler is much smaller compared to 3DJIGSAW 

server. Furthermore, the 3D-1D score of  0.77 

indicates a good quality 3D model, compared to the 

Zea mays model. Ramachandran plots analysis was 

generated by using Procheck saves server tool which 

showed the allowed and disallowed region 

respectively((fig.6, fig.7, fig.8, fig.9). The 

RAMPAGE program (Lovel et al., 2002[18]) for all 

four 3D models, also shows all residues in the most 

favorable regions and disallowed regions(fig.10, 

fig.11, fig.12, fig.13). The number of favored region 

in the 3DJIGSAW OsCKX2  model is 78.4%, for 

MODELLER is 86.6%, for Phyre2 is 88.1% and for 

SWISS MODEL is 88.1% respectively. The models 

formed by MODELLER, SWISS-MODEL and 

Phyre2 tool showed that most of the region of protein 

lie in the favored region which states it is a stable 

protein. 

 

 
                                                            
             Fig.6 ramachandran plot of 3DJIGSAW model                   Fig.7 ramachandran plot of modeller9.12 model 
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             Fig.8 Ramachandran plot of PHYRE2 model                      Fig.9 ramachandran plot of swiss-model model 

         

  
             Fig.10 Ramachandran plot of 3DJIGSAW model                     Fig.11 Ramachandran plot of modeller9.12   

 

  
           Fig.12 Ramachandran plot of PHYRE2 model             Fig.13 Ramachandran plot of swiss-model model                  
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IV. CONCLUSION 

The structure of protein was predicted successfully 

by using both secondary and tertiary structure 

prediction method. Homology modeling was 

performed by using various bioinformatic tools. The 

phi-psi bond along with the allowed and disallowed 

regions in Ramachandran plot was analysed. The best 

model was selected depending upon using Z-score 

and 3D-1D score. The rice protein which was 

analysed showed homologous to the Zea mays 

protein(cytokine oxidasedehydrogenase). This 

protein generally helps for high grain production in 

cereal and crops. 
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