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ABSTRACT:  

Also known as stem canker , Black leg is one of the most economically important disease of Brassica family. Black leg 

is caused by a necrotrophic fungus Leptosphaeria Maculans that competes with plant for carbon source making various 

portions such as stem and  leaves dead  resulting in  patches in various parts of plant. It has been experimentally found 

that there are 14 Leptosphaeria Maculans resistance genes discovered till yet. Previous studies have identified RLm3 as 

a TIR gene that acts as a resistance factor for a genotype that is susceptible to Black leg in Brassica. In this study 

protein encoded by Rlm3 gene was selected. Predicted sequence of the selected protein was obtained from NCBI 

(XM_009115633.2) for computational analysis. For further analysis primary, secondary and tertiary structures of this 

protein were obtained. Results obtained showed that query protein was acidic, hydrophilic and stable. Secondary 

structure of protein showed that protein contained 221 alpha helix (52.74%), 32 beta turns (7.88%) and 92 random coils 

(21.96%). Protein localization revealed that protein was present in cytoplasm of the cell. In I TASSER predicted 3D 

model model1 with confidence score -3.07 was found to be most productive. The results of I TASSER were validated 

by phyre. Further more tests were carried out such as determining function of RLM3 protein, Determination of Active 

site , homology modelling , determining localization and sub cellular localization of protein , Multiple sequence 

alignment , protein-protein interaction , Validation of predicted sequence of RLM3 , bond angle was also determined , 

Ramachandran plot was predicted for RLM3 along with plotting phylogenetic tree. Protein minimization was carried 

out in presence of Cl and water for 20 Nano seconds.  

INTRODUCTION:  

The Brassicaceae family includes most important plants along with model plant of plant kingdom Arabidopsis thaliana. 

With many varieties such as B.rapa, B.napus, B.juncea, B.campestris and B. oleracea. Brassica stands as a very 

important crop used for oil seed production. Brassica is grown worldwide in many parts to fulfil the oil seed demands 

of the world. The genus Brassica is one of the 51 genera in the tribe Brassicaceae belonging to the crucifer family and 

is most important gene within this tribe. Containing 37 species (Gomez-Campo 1980). Brassica family includes many 
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crop species that provide edible roots, leaves, stem, buds, flowers and seeds. Vegetables of Brassica are of great 

importance all over the globe. Over the last 10 years Brassica production has increased and it has become one of the 

most important source of vegetable oil after soyabean and cotton. Largest Expanse of Brassica is found in India 

followed by China and Canada. (Rakow G., 2004). But due to low seed yields the output production of seeds in India is 

much less than that of China and Canada.  

 Canada and Australia get their major share of economy by exporting Rape seed. While China and Japan stand to be the 

largest importers of oil seed. Last 3 decades have witnessed an enormous growth in cultivation and production of 

canola seeds (B.napus) as it is being rapidly grown all over the world becoming the second largest crop being cultivated 

and produced worldwide. Canola seeds have witnessed an estimated production of 67.91 million tons annually (United 

States Department of Agriculture 2017). Canola is one of the largest cash crop in Canada with 18.4 million tons of 

production in year 2016(Statistics Canada 2016). In year 2016 the contribution of canola to Canadian economy was 

$26.5 billion. About 90% of the canola seeds (meal and oil) are exported to approximately 55 foreign markets 

worldwide (Canola council of Canada 2017). 

 In Australia rapeseed production began in 1960s (cutting 1975) with many varieties that were introduced from Canada. 

Realizing the potential of new cash crop the area under cultivation greatly increased in 1970s. Thus canola Produced 

began a major source of economy for Australia along with Canada. 

 Canola or rapeseed is the fourth largest cultivated crop in China. China stands as the leading producer of canola 

worldwide since 1980/1981.According to USDA data. Canola production by china has reached 19.7million tones in 

2014-2015 (Qiong Hu et al Rapeseed research and production in China, 2017). 

 India proudly stands as the third largest producer contributing 1% of the total production worldwide (Arvind et al). 

Area under cultivation is greatly increasing day by day thus turning green revolution to yellow revolution.  

Caused by Leptosphaeria maculans Blackleg is an important disease of oilseed rape. It has caused an extensive crop 

loss in many parts of the world including Western Australia. (McGee DC, Petrie GA, 1979). Blackleg has estimated to 

cause $900 million of crop loss throughout the world every year (Howlett 2003; Fitt et al 2006). Severe Blackleg 

infection can result in complete loss of Brassica napus canola or oilseed rape crops (Li et al 2003; Rouxel et al.2003) 

In Canada in 1980s Blackleg caused 50% of the yield loss in individual fields (Fisk et al 1997). In 1990s many black 

leg resistance were released that controlled Blackleg until 2005 (Kutcher, H. R., et al. 2013). Again in 2012 Blackleg 

became susceptible in Canada resulting in major loss to canola production (Hwang, Sheau-Fang et al 2016) 

In 1972 due to Canadian cultivars Blackleg proved to be highly susceptible to Australian cultivars and by the end of 

1972 there was a major Blackleg epidemic in Australia posing a major threat to industry (Murray and Stovold 1970; 

Bokor et al. 1975; Wightman 1982). Due to Blackleg the area under cultivation has decreased from 49,000 hectare in 

1972 to 2000 hectare in 1999 (Bokor, et al 1975) 
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China was also not left untouched with the effect of Blackleg but the impact of this disease was very less because of 

strict import ban on canola import from Canada that was the major exporter of canola to China in order to prevent its 

crops from the effect of Blackleg. The major organism responsible for blackleg is Leptosapharia maculans that is a 

necrotrophic fungus. It is believed that fungus competes with plant for carbon source thus making some part of the 

plant dry thus residing in it and feeding it. Leptosapharia maculans is believed to spread with the help of spores and 

single spore can destroy the entire cultivation. 

Necrotrophic term is given to such organism that kills the host, lives in it and reproduces on the energy derived from 

the dead cells. Until recent years gene to gene interaction for resistance in Arabidopsis thaliana has only been reported 

for biotrophic pathogens (Tsuda et al 2005). 

Recent studies have predicted that gene to gene type of resistance in Arabidopsis thaliana is present. Whereas earlier 

studies described resistance for only for biotrophic fungus both in case of Arabidopsis and Brassica. (Delourme R et al. 

2006; Staal et al 2006). The resistance based on gene to gene type of resistance in biotrophic response interactions led 

to salicyclic acid dependent response. On the other hand defense mechanism towards necrotrophs showed that the 

resistance was mainly due to a set of defense responses that require jasmonic acid and ethylene that are mostly 

regulated by complex trait (Denby et al 2004). Leptosphaeria maculas being a hemibiotrophic fungus shows 

necrotrophic nature but clear gene to gene relation with Brassica host is not shown (Fitt, Bruce DL, et al. 2006). Most 

interestingly resistance to Leptosphaeria maculans was found to require a resistant gene (dominant) that carried the 

same protein structure(TIR-NB-LRR)as is required for resistance against some biotrophs           ( Staal et al 2006). Most 

probably gene to gene relationship for both Leptosphaeria maculans and Brassica share same family of resistance genes 

but this is yet to be proved (Saal et al 2005). But Arabidopsis on the other hand in comparison to B.napus is said to 

show a strong resistance gene independent for invasion response that indicates that Arabidopsis – Leptosphaeria 

maculans model is of a non-host interaction. (Elliott and Howlett 2008) 

Leptosapharia maculans is able to attack all parts of the plant including cotyledon, stem, pores etc. (Gabrielson RL, 

1983). The pathogen is believed to cause both leaf lesions and stem canker (west et al 2001). The first part effected 

during infection is cotyledons or the true leaves then infection goes down to stem and roots causing severe damage in 

form of stem canker( Huang et al 2016). The fungus is believed to survive on infected bodies and other parts of crop 

residues for several years and is capable of producing for sexual and asexual fruiting bodies (west et al 2001). 

Leptosapharia maculans has both sexual and asexual stages on host plant and can be both monocyclic and polycyclic 

according to the source of inoculum (Li et al 2007, b). Both ascospores and pycnidiospores can get attached to 

cotyledons or young leaves, germinate and produce hyphae that penetrate through stomata or wounds (Li et al 2004). 

Stem canker is observed at the end of growing season even if no leaf lesions are visible at earlier stages of growth.  

Infection of seedling occurs due to invasion of leaves by Leptosapharia maculans through leaves. The tissue is initially 

colonized as biotroph but behind the hyphal front the fungus becomes necrotrophic and asexual fruiting bodies known 
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as pycnidia are produced in the dead tissue (Hammond et al 1985; Hammond and lewis 1987). Pycnidiospores act as 

secondary inoculum and are spread to other leaves and neighboring plants by rain and air. The fungus invades and 

destroys the cells of stem cortex resulting in a canker that possibly completely destroys the base of stem (Hammond et 

al 1985)  

A bank of characterized Leptosapharia maculans mediated by Agrobacterium tumefaciens was developed that analyzed 

the role of pathogenicity genes but the pathogenicity mechanism of Leptosapharia maculans has been largely unstudied 

(Howlett, Barbara J. 2004)  

In 2002 using reverse genetic approach Idnurm and Howlett found that isocytrate lyase encoded by isocytrate lyase 

gene (icl1) is found to be essential for pathogenicity of Leptosapharia maculans. Studies made till date state a few 

related genes have been functionally studied principally including THIOL gene (Elliott and Howlett 2006), the Ipagene 

(Elliott and Howlett 2008), the Lmpma1gene (Remyet al.2008a), the Lmgpi15 gene (Remyet al.2008b), the LmIFRD 

gene (van de Wouwet al.2009b), Lmepigene (Remyet al.2009), and the LmSNF1gene (Feng et al 2014).  

It is also said that Leptosapharia maculans has ability to produce phytotoxins that are essential for virulence. 

Sirodesmin PL is the well-studied phytotoxin said to be responsible for virulence of blackleg. (Rouxel, Thierry, et al 

1988; Elliot et al 2011) 

 Large number of ascospores are released from infected plant that that contribute to a great increase in black leg 

severity (Wherret et al 2004). The integration of genetic resistance and cultural strategies such as tillage, fungicide, 

crop rotation etc are able to affect the concentration of ascospores to a great extent. (West JS et al 2005). Combination 

of appropriate crop rotation and tillage have proven to reduce amount of airborne inoculum and infection level in 

Canada (Guo et al 2005). Various disease resistance genes have been isolated but they are not much effective for long 

duration.   The most important approach of controlling blackleg is through genetic breeding and by use of resistance 

canola varieties (Rimmer 2006, Kutcher et al 2011, and Kutcher et al 2013). But the durability of long term objectives 

of resistance genes gets effected by the biology of pathogen and its ability to undergo mutation and recombination of 

antivirulance genes. (Kutcher et al 2011, Howlett et al 2015). In order to prevent blackleg infection destruction of 

tillage has been recommended. Australians recommend to grow new canola seeds at least 500m away from old 

scribble. (Marcroft et al 2003). Fungicides have also not proven much effective to Blackleg (Huang et al 2011). Till 

date 18 Leptosapharia maculans resistance genes have been conferred.  
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                                    Fig.1: Genes conferring resistance to blackleg in Brassica  

 

Studies have conferred that during 1990s RLm 3 gene was most present in cultivars. Recent studies have identified 
RLm3 as a protein that is resistant to Leptosphaeria maculans and some other necrotrophic fungi.       
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                                 Fig 2: Efficiency (in %) of various genes offering resistance to blackleg 

MATERIAL AND METHOD:  

Retrieval of sequence: we obtained the  sequence of 1526 bp locus with accession number XM-00915633.2.from 

NCBI(https://www.ncbi.nlm.nih.gov ) .We used megablast in order to compare the query protein with the available 

database and identified the sequence that resembles our query protein above a certain threshold. We used the tool 

Protparam (https://web.expasy.org/protparam/) available in expassy server in order to obtain the primary structure of 

protein. Protparam provided us with complete primary sequence of query protein. . We used SOPMA (Self-Optimized 

Prediction Method with Alignment) tool (https://npsa-prabi.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_sopma.html ) 

available in the server of Institute of biology and plant chemistry. Another tool used by us in order to obtain the 

secondary structure of protein was PSIPRED (PSI-blast based secondary structure prediction) tool that is available in 

the server of University of California. The major benefit of using PSIPRED is that it assembles various structure 

prediction methods under a single platform. We used I-TASSER (Iterative Threading ASSEmbly Refinement) tool 

(https://zhanglab.ccmb.med.umich.edu/I-TASSER ) that is available in the server of university of Michigan. Biological 

function of protein is defined by its 3D structure. High quality 3D model of the query protein is generated by 

ITASSER. We used Verify 3D (http://servicesn.mbi.ucla.edu/Verify3d) tool available in the server of university of 

California to verify our 3D structure of query protein. The Composability of an atomic 3D model with its own amino 

acids is determined by verify 3D. We used another tool that is known as ProSA (protein structure analysis) tool 

(https://prosa.services.came.sbg.ac.at/prosa.php ) available in the server of Structural bioinformatics group, to validate 

our 3D structure. It’s the most widely used tool that checks the 3D structure of protein for potential errors.Prediction of 

active site was done by using active site prediction tool (http://scfbio-iitd.res.in/dock/ActiveSite.jsp ) available in the 
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server of supercomputing facility of IIT Delhi. Binding site refers to the residues that form temporary bond with the 

substrates and reaction takes place. To find the available binding site residues we used COACH tool available in the 

server (https://zhanglab.ccmb.med.umich.edu/COACH ) of university of Michigan to predict the available binding sites 

and the available ligands that bind with our desired protein.  

We carried out the analysis of 3D structure using PROVE (http://servicesn.mbi.ucla.edu/PROVE ) that is available in 

the server of University of California. We drew Ramachandran plot with the help of PROCHECK 

(http://servicesn.mbi.ucla.edu/PROCHECK) available in the server of University of California. (Molecular biology 

institute). We used INTERPRO (http://www.ebi.ac.uk/interpro ) available in the server of European Bioinformatics 

Institute in order to predict the function of query protein. . We carried out prediction of subcellular localization with the 

help of CELLO tool (http://cello.life.nctu.edu.tw ) available National chiao Tung university. . MEMSAT SVM tool 

(http://bioinf.cs.ucl.ac.uk/psipred/?memsatsvm ) present in the server of University of California was used to predict 

Membrane Structure and Topology. SWISS MODEL tool (https://swissmodel.expasy.org  ) available in EXPASY 

server was used in order to compute Homology Modelling. CLUSTAL OMEGA 

(https://www.ebi.ac.uk/Tools/msa/clustalo) tool available in the server of European Bioinformatics Institute. Was used 

to carry out multiple sequence alignment. We used  STRING tool (https://string-db.org) that has been developed by a 

consortium of academic institutions including  CPR,  EMBL, KU, SIB, TUD and UZH in order to find protein protein 

interaction of our query protein. We constructed phylogenetic tree using MEGA software version 7 that was 

downloaded from (https://www.megasoftware.net) 

 

 

 

 

RESULTS AND DISCUSSIONS:  

Retrieval of sequence: After going through the database of NCBI (https://www.ncbi.nlm.nih.gov ) we obtained a 

sequence of RLm3. The predicted sequence thus obtained by us is as follows 

(https://www.ncbi.nlm.nih.gov/nuccore/XM_009115633.2?report=fasta ).  

IJSER

http://www.ijser.org/
https://zhanglab.ccmb.med.umich.edu/COACH
http://servicesn.mbi.ucla.edu/PROVE
http://servicesn.mbi.ucla.edu/PROCHECK
http://www.ebi.ac.uk/interpro
http://cello.life.nctu.edu.tw/
http://bioinf.cs.ucl.ac.uk/psipred/?memsatsvm
https://swissmodel.expasy.org/
https://www.ebi.ac.uk/Tools/msa/clustalo
https://string-db.org/
https://en.wikipedia.org/wiki/Novo_Nordisk_Foundation_Center_for_Protein_Research
https://en.wikipedia.org/wiki/EMBL
https://en.wikipedia.org/wiki/University_of_Copenhagen
https://en.wikipedia.org/wiki/Swiss_Institute_of_Bioinformatics
https://en.wikipedia.org/wiki/Dresden_Technical_University
https://en.wikipedia.org/wiki/University_of_Zurich
https://www.megasoftware.net/
https://www.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/nuccore/XM_009115633.2?report=fasta


International Journal of Scientific & Engineering Research Volume 10, Issue 5, May-2019                                                                                           1438 
ISSN 2229-5518   

IJSER © 2019 
http://www.ijser.org 

 
  Fig 3:  figure showing the predicted nucleotide sequence of RLm3 obtained from NCBI database     

 

BLAST: The results of Megablast explained that on total there are 13 sequences that match our query protein. Three 

sequences with accession number NM_123868.4 and AK221580.1 have 86% cover with query protein , sequences 

with accession number CP002688.1 and AB010693.1 have 79% cover with query protein , sequence with accession 

number XM_010443500.2 has  47% cover with query protein , sequences with accession number XM_019232620.1 

and XM_019242103.1  have   35% cover with query protein, sequence with accession number XM_013754668.1 

has 33% cover with query protein, sequence with accession number LT669793.1 has 21% cover with query protein, 

sequence with accession number NM_123869.4 has 12% cover with query protein, sequence with accession number 

XM_013802756.2 has 6% cover with query protein, sequences with accession number XM_015304013.1 and 

XM_015304012.1  have   2% cover with query protein.  
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                         Fig 4: figure showing the results of BLAST where 13 sequences match our query sequence. 

 Primary sequence analysis: Primary sequence analysis reveals the primary structure of protein. Data obtained from 

Protparam reveals that our query protein contains 1526 amino acids with total molecular weight of 124640.81. The 

chemical formula for our query protein is C4635H7765N1527O1943S271. Atomic composition reveals that our query protein 

contains 4635 atoms of carbon, 7765 atoms of hydrogen, 1527 atoms of oxygen, and 271 atoms of sulphur. Amino acid 

composition reveals that our query protein contains 480 molecules of Alanine (31.5%), 415 molecules of Threonine 

(27.2%), 359 molecules of glycine (23.5%), 271 molecules of cysteine (17.8%) and 1 molecule of Asparagine (.1%). 

We also came to know that at pH 5.03 our query protein has no net charge. Instability index 37.10 reveals that our 

query protein is stable. The aliphatic index of 37.10 reveals that query protein is thermostable. Hydrophobic nature of 

query protein is revealed by the positive value of hydropathy (GRAVY). The hydropathy (GRAVY) value of our query 

protein is.723. 
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                               Fig 5: Molecular characterization (Primary structure) of Query protein  
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SECONDARY STRUCTURE ANALYSIS : Secondary Structure analysis using SOPMA reveals that our query 

protein contains 221 alpha helixes (Hh) 52.74%, 92 random coils (Cc) 21.96%, 73 extended strands (Ee) 17.42%, 33 

beta turns(Tt)7.88%  and does not contain any 310 helix(Gg), pi helix(Ii), beta bridge(Bb),bend region(Ss), ambiguous 

states and other states .  

 

 

 

 

 

                                             Fig 6: Secondary structure of Query protein  

Tertiary Structure Prediction:  Total 10 tertiary structures were generated through ITASSER. Tertiary structure or 

3D model generated through ITASSER predicted that model 1 with C score -3.07, Estimated TM-score = 0.37±0.12 

and Estimated RMSD = 14.5±3.7Å was the most efficient structure obtained. We carried out this complete study taking 

this structure.  
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                                                                      Fig 7: Tertiary structure (3D structure ) of query protein  

Validation of 3D structure: The results obtained by ProSA predicted that Z score of our protein is -8.76. That means that 

the occurrence of model is equivalent to a model generated by X-ray diffraction with a scoring value of -8.76. Local 

model quality id depicted by considering the score below the threshold line calculated quantitatively for all residues of 

modeled proteins.    

 

 

 

 

 

 

      

                             (a)                                              (b)                                                         (c)                      
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       Fig 8:  (a) overall quality of model (b) local quality of model (c) energy model  

Active site and binding site: By the results of active site prediction we came to know that there are total 66 cavities 

present in our protein that act as active site to which our ligand can bind.  
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(c)                                                                         (d)  

Fig 8 : (a & b ) cavities present in our query protein (c)binding sites in 3D structure (c) Binding residues 

and ligands in our query protein 

Structure Analysis: The results of prove showed the difference between average Z-score and root mean square Z-score. 

Results showed that there is a variation in value of average and RMS zscore with increase in resolution. It has been found 

that with increase in resolution average Z-score remains same but in case of RMS Z-score with increase in resolution Z-

score increases.  

 

                         Fig 9: Average and RMS Z-score of our query protein  
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amachandran plot: Results of Ramachandran plot depicted that our protein contains 269 residues in most favored regions, 

93 residues additional allowed regions, 19 residues in generously allowed regions, 7 residues in disallowed regions, 1 

residue in end regions, 17 glycine residues and 13 proline residues.    

                                                  Fig 10 : Ramachandaran plot and residues of our query protein 

otein Function Prediction : The results of  protein prediction through interpro demonstrated that our query protein that was 

predicted has the same properties as the properties of RLm3 protein in Arabidopsis Thaliana this shows that the 

properties of RLm3 in Arabidopsis thaliana and Brassica napus contain same properties.   
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                                              Fig 11: Function prediction showing that our query protein is a TIR protein 

 

b cellular Prediction: The results of CELLO and Plant-mPloc both reveal that our query protein is present in nucleus of 

cell.  

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 10, Issue 5, May-2019                                                                                           1450 
ISSN 2229-5518   

IJSER © 2019 
http://www.ijser.org 

 

                                                Fig11: sub cellular localization of our query protein  

 

Membrane Structure and Topology Prediction: The results of membrane structure and topology prediction says that 

no signal peptide is present in in our query protein. No Re-entrant helices and No Pore-lining helices were present. One 

Trans membrane helix with score -0.129308 in region 20-35 was present.  
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                                           Fig 12 : Transmembrame helixes in our Query protein  

Homology Modelling: The homologous model generated through SWISS MODEL was found to be 39.29% identical 

with METALLOTHIONEIN ISOFORM II with no ligands and QMEAN value of             -2.63, GMQE value of 0.02, 

Cβ value of 0.80, Solvation value of -3.01 and torsion value of -2.55.  

                                              Fig 13: Homologous model generated of our Query protein  

 

ultiple sequence alignment: The results of multiple sequence alignment show the percentage identity matrix among 10 

matching protein sequences with our query protein.  
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                            Fig 14: Percentage identity matrix of all the proteins that match our query protein  

 

otein Protein Interaction: The results of Protein Protein interaction show that our Query protein gets interacted with 10 

other proteins with highest score of .632 with AT4G16970 and lowest score of .435 with AT1G58602.  

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 10, Issue 5, May-2019                                                                                           1454 
ISSN 2229-5518   

IJSER © 2019 
http://www.ijser.org 

 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 10, Issue 5, May-2019                                                                                           1455 
ISSN 2229-5518   

IJSER © 2019 
http://www.ijser.org 

                            Fig 15 : Interaction among various proteins that are homologous to our query protein  

Phylogenetic Analysis: The results of phylogenetic analysis show that our query protein shows most likelihood with 
Arabidopsis thaliana Disease resistance protein (TIR-NBS-LRR class) family mRNA 

(NM_123868.4) and least likelihood with PREDICTED: Solanum tuberosum uncharacterized LOC102590743 
(LOC102590743), mRNA (XM_015304012.1).  

 

                                                          Fig: 16 Phylogenetic tree generated for our query protein  
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