


In-silico characterization of defence-related genes for blast resistance on chromosome 7 in rice (Oryza sativa L.)	Comment by HP: The MS describe result of in-siloco characterization of defence related genes for blast in rice. The MS need minor revision based on the section wise comment given. Besides that, information given in materials and methods is not complete and need to provide complete information.  


Abstract	Comment by HP: Write promising candidate genes as found in this investigation;
Write the time, duration, place, location etc. of study.  
Write source of genetic material and plant part being used for investigation.   
Rice blast, caused by Magnaporthe oryzae, remains a major constraint to global rice production. Genetic resistance to blast is a well knownwell-known phenomenon where hundreds of QTLs or genes have been reported. The in-silico characterization of the genomic region on chromosome 7 was performed in relation to blast resistance using the Rice Annotation Project Database (RAP-DB). The region harbored several genes associated with defence-related functions, including members of the fatty acid desaturase (FAD2) family, WRKY transcription factors, and cytochrome P450 monooxygenases and some directly related to blast resistant. These genes are known to play important roles in modulating oxidative stress, cell signalingsignalling, and pathogen defence mechanisms. Functional annotation indicated the presence of domains related to disease resistance and stress tolerance, highlighting their potential involvement in M. oryzae resistance. The study identifies promising candidate genes that can be targeted for functional validation and molecular breeding aimed at developing blast-resistant rice varieties.
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Introduction	Comment by HP: Write in brief about the disease complex of rice and their information such as enlisting of diseases in rice, their occurrence, damage caused and status of management of them. 
Provide some more insight on blag diseases it aetiology, spread and occurrence all over the world. 
Specify the research gap followed by write the objective of study.  
Rice (Oryza sativa L.) sustains more than half of the global population., The crop is under siege from a variety of biotic stresses, such as blast, bacterial blight and new diseases facilitated by climate change. Rice blast disease caused by the fungus M. oryzae has a profound impact on the food security (Fones et al. 2020). Each year, rice blast disease causes an estimated global loss of $66 billion, leading to a reduction in grain production sufficient to feed around 60 million people.  This pathogen attacks leaves, nodes, and panicles, leading to significant yield loss annually (Valent, 2021). Deployment of resistant cultivars remains the most eco-friendly and cost-effective approach to disease management (Younas et al., 2023). However, the rapid evolution of pathogen races frequently overcomes host resistance, necessitating continuous identification of new loci and genes for durable resistance. The recent studies have shown that the correlations between leaf and panicle blast are not always positive and there exists different regulatory mechanisms between leaf and panicle blast resistance (Zhuang et al. 2001, Liu et al. 2016, Fang et al. 2016). Over 100 blast resistance (R) genes have been identified, but only a few remain effective across pathogen races and environments (Liu et al., 2016).
Advances in genome-wide association studies (GWAS) have facilitated the identification of multiple blast resistance-associated loci across rice chromosomes (Liu et al., 2016). In one of our studies (unpublished), GWAS revealed a large number of significant SNPs associated with blast resistance, with major signals concentrated on chromosomes 4 and 7. To identify potential candidate genes contributing to blast resistance, in-silico functional analysis of the significant region on chromosome 7 was conducted using genomic and protein domain databases.


Materials and Methods	Comment by HP: Provide some information about rice germplams lines and screening methodologies used. 
Write some information about the time frame, area, plant material source, objective, etc. details for experiment.
Only writing screening is done and in-silico gene minig is done is not complete the discussion. 
GWAS and QTL Identification
A genome-wide association study (GWAS) was performed using a diverse 300 rice germplasm lines to detect SNPs associated with blast resistance. The analysis revealed numerous significant SNPs, with prominent peaks on chromosomes 4 and 7. The information on detailed mapping procedure adopted and the QTL mapping is not provided in the present report. 
Disease Screening: 300 rice germplasm lines were screened at Mountain Research Centre for Field Crops, Khudwani, SKUAST-K, J&K, India, for Panicle blast under field conditions. Scoring was carried out based on the standard evaluation system (SES), 2013 of IRRI, Philippines. Entries with scores of 0-1, 3-5 and 7-9 were rated as resistant, moderately resistant and susceptible, respectively.
In-silico Gene Mining
To identify potential defence-related genes within the significant region, the chromosomal interval (3.1 Mb) on chromosome 7 was retrieved from the Rice Annotation Project Database (RAP-DB) as shown in Fig. 1. Gene ontology and protein domain information were used to annotate and predict biological functions. Functional classification was based on known defence-related categories such as transcription regulation, stress signalingsignalling, and detoxification.
Results and Discussion	Comment by HP: Optimum.  Cite some more references and discuss the results with respect to other diseases related genes in rice or other crops. 
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Fig 1: The picture represents identified blast QTL window containing several genes. Genes associated with blast resistance have been highlighted in red circle. These genes might play a significant role in determining the plant's susceptibility or resistance to blast disease.	Comment by HP: ?? No any red circle in there in figure 1 only one red square is there. 


Table 1: List of Candidate genes identified in silico
	S. No. 
	Locus ID 
	Start 
	Stop 
	Trait Ontology/ Gene Description (RAP-DB Annotation) 

	1
	Os07g0301200

	11887215
	11894422
	STRESS RESPONSE SUPPRESSOR 

	2
	Os07g0301500

	11909796
	11913642
	Membrane-associated kinase-12

	3
	Os07g0409900

	12795040
	12803562 
	drought tolerance

	4
	Os07g0410700

	12846933
	12848424 
	drought-responsive ethylene response factor 2, drought-responsive ERF 2, ethylene response factor 86, ethylene response factor 1, APETALA2/ethylene-responsive element binding protein 74

	5
	Os07g0411200

	12882111
	12883584
	radiation response trait

	6
	Os07g0411300

	12884746
	12886091
	Anther wall tapetum 
anther 
pollen development stage 
inflorescence 
flower 

	7
	Os07g0412100

	12916883
	12924202
	starch content 
amylose content 
chalky endosperm 
drought related trait 
1000-seed weight 
inflorescence development trait 
heat tolerance 


	8
	Os07g0412400

	12926512
	12930673
	Similar to Adenylate kinase isoenzyme 6 (EC 2.7.4.3) (ATP-AMP transphosphorylase 6).

	9
	
Os07g0413300
	12989631
	12995232
	Protein of unknown function DUF1409 domain containing protein.

	10
	Os07g0413700

	13026440
	13037153
	seed set percent 
flower development trait 
grain yield 
male sterility 
female sterility 


	11
	Os07g0414000

	13053764
	13055292
	Transferase domain containing protein.

	12
	Os07g0414200

	13057843
	13068285
	Methyltransferase


	13
	Os07g0414700

	13072251
	13073480
	Protein of unknown function DUF707 domain containing protein.

	14
	Os07g0414800

	13074446
	13077622
	

	15
	Os07g0414900

	13079421
	13082692
	Similar to Transposable element Ac.

	16
	Os07g0415200

	13098647
	13103696
	structural constituent of ribosome

	17
	Os07g0416050

	13149715
	13153351
	heat tolerance 
drought tolerance 
seed development trait 
cold tolerance 
abscisic acid sensitivity 
osmotic response sensitivity 


	18
	Os07g0416100
	13152312
	13152738
	Similar to WRKY transcription factor 53 (Transcription factor WRKY12).

	19
	Os07g0416600

	13177827
	13178470
	Similar to OSIGBa0092G14.1 protein.

	20
	Os07g0416700

	13180808
	13182551
	Conserved hypothetical protein.


	21
	Os07g0416750

	13180853
	13181851
	Non-protein coding transcript.


	22
	Os07g0416900

	13201188
	13202543
	Similar to Omega-6 fatty acid desaturase, endoplasmic reticulum isozyme 2


	23
	Os07g0417200

	13223292
	13224558
	fatty acid desaturase 2-2, microsomal delta-12 fatty acid desaturase2-2, fatty acid desaturase 2-2

	24
	Os07g0422700

	13640924
	13642840
	Glucoamylase, putatuve domain containing protein.


	25
	Os07g0423000

	13654341
	13655841
	grain yield 
mesocotyl length 
plant height 
panicle length 
panicle number 
grain width 


	26
	Os07g0423700

	13680465
	13682047
	Peptidase A1 domain containing protein.


	27
	Os07g0424400

	13741551
	13747205
	ethylene sensitivity 
light intensity sensitivity 


	28
	Os07g0425000

	13776950
	13778155
	Biopterin transport-related protein BT1 family protein.

	29
	Os07g0429600

	14106592
	14108414 
	Similar to Thionin-like peptide.

	30
	Os07g0429700

	14118026
	14118911
	thionin like peptide

	31
	Os07g0430501

	14178445
	14179257
	Similar to Thionin-like peptide.

	32
	
Os07t0432800
	14368433
	14371039
	Similar to Typical P-type R2R3 Myb protein (Fragment).

	33
	
Os07g0434100
	14485762
	14489280
	Hypothetical gene.

	34
	
Os07g0434125
	14491561
	14492118
	Similar to Myb-like DNA-binding domain containing protein.

	35
	Os07g0434183


	14491580
	14492168
	Non-protein coding transcript.


	36
	Os07g0434300

	14502054
	14502650
	R2R3-MYB Transcription Factor 69, R2R3-MYB transcription factor 2-82

	37
	Os07g0434500

	14505905
	14512599
	salt tolerance 
blast disease 
drought tolerance 


	38
	Os07g0434700

	14520218
	14524575
	Peptidase M24, methionine aminopeptidase family protein.

	39
	Os07g0435100

	14527450
	14530522
	19S regulatory particle non-ATPase subunit 12, RP non-ATPase 12

	40
	Os07g0435400

	14534599
	14541912
	protein binding

	41
	Os07g0435850

	14553035
	14553089
	Non-protein coding transcript.






The computational search identified a total of 41 genes within the QTL region located on Chromosome 7, spanning from Os07g0301200 to Os07g0435850 (Table 1). Functional annotation and RAP-DB analysis revealed that these genes are associated with diverse biological roles, including stress perception, defensedefence regulation, metabolic activity, reproductive development, and transcriptional control. Several candidate genes within this interval are involved in defensedefence response and stress adaptation, suggesting that this genomic region may harborharbour an important cluster regulating both biotic and abiotic stress tolerance mechanisms in rice. In addition, a number of uncharacterized proteins and non-protein coding transcripts were also identified, indicating potential regulatory components that remain to be functionally characterized.
Among the identified loci, Os07g0301200 encodes a stress response suppressor, while Os07g0301500 represents a membrane-associated kinase-12, both of which may function as signal transducers in the early stages of defensedefence activation. Kinases and membrane-associated proteins play essential roles in stress signal perception and transduction, particularly through MAPK and receptor-like kinase pathways, leading to activation of downstream defensedefence-related genes (Shen et al., 2011). Genes such as Os07g0410700 and Os07g0416050 were annotated as drought-responsive ethylene response factors, known to enhance drought, cold, and heat tolerance by regulating DREB and AP2/ERF-mediated pathways. The presence of multiple ethylene response factor (ERF) family members within the QTL region suggests transcriptional coordination between ABA and ethylene signalingsignalling during stress conditions (Lata and Prasad, 2011). The Os07g0416050 also exhibits roles in abscisic acid sensitivity and osmotic stress tolerance, further supporting its multifunctional role in abiotic stress adaptation.
The gene Os07g0416100, similar to WRKY transcription factor 53, is a key regulatory gene involved in modulating biotic stress responses. The WRKY proteins act as master switches in plant defensedefence by activating pathogenesis-related (PR) genes and mediating signalingsignalling through SA- and JA-dependent pathways (Pandey and Somssich, 2009). The co-localization of WRKY and ERF transcription factors within the same genomic interval suggests synergistic regulation of both biotic and abiotic stress responses. Additionally, Os07g0434300 encodes an R2R3-MYB transcription factor, a family known to participate in abiotic stress signalingsignalling, secondary metabolism, and disease resistance (Ambawat et al., 2013). The Os07g0434500, which exhibits association with salt tolerance, drought tolerance, and blast disease resistance, is another MYB-related transcriptional regulator. The overlapping functions of these transcription factors indicate a possible integrated network of stress-regulated gene expression within this locus (Li et al., 2019).
Several other genes identified in the QTL region are involved in metabolic and developmental processes. Os07g0412100 is linked with starch and amylose content, grain weight, and drought-related traits, while Os07g0423000 influences grain yield, panicle number, and plant height, all of which are agronomic traits often influenced by stress conditions. Os07g0412400, similar to adenylate kinase isoenzyme 6, is implicated in energy homeostasis and may play a role in maintaining ATP balance during stress. Metabolic enzymes such as adenylate kinases are known to facilitate energy transfer necessary for activation of stress-induced pathways. Os07g0415200 encodes a structural constituent of the ribosome, indicating its role in sustaining translational efficiency under stress-induced inhibition of protein synthesis (Kawaguchi et al., 2022). Furthermore, Os07g0416900 and Os07g0417200 encode members of the fatty acid desaturase (FAD2) family, which contribute to maintaining membrane stability and fluidity under cold and drought stress by regulating unsaturated fatty acid biosynthesis (Zhang et al., 2019). Os07g0424400 is involved in ethylene and light sensitivity, highlighting the cross-talk between hormonal and environmental signaling pathways that modulate adaptive stress responses.
In addition to functionally characterized genes, several loci such as Os07g0413300, Os07g0414700, and Os07g0434100 encode proteins of unknown function (DUF domain-containing), and non-protein coding transcripts like Os07g0416750 and Os07g0434183 were also detected. Although their precise biological functions remain unclear, previous studies have indicated that such non-coding RNAs and DUF domain proteins can act as transcriptional regulators, post-transcriptional modulators, or scaffolding molecules in stress and defensedefence signalingsignalling pathways (Wang et al., 2017). These components may provide additional regulatory complexity within the QTL region.
Collectively, the presence of transcription factors (WRKY, MYB, ERF), metabolic enzymes (adenylate kinase, fatty acid desaturase), and signal transducers (kinases, methyltransferases) within this region suggests that the Chromosome 7 locus serves as a multi-gene cluster integrating defensedefence, metabolic, and developmental responses. The coexistence of stress-related and developmental genes reflects a coordinated regulatory network that enables rice plants to balance growth and defensedefence under varying environmental conditions. Similar gene clustering patterns have been observed in other resistance loci such as Pi36 and Pi9, which harborharbour functionally diverse yet co-regulated genes contributing to both biotic and abiotic stress tolerance (Liu et al., 2005; Cesari et al., 2013; Qu et al., 2006). Hence, the identified Chromosome 7 QTL likely represents a crucial genomic region that contributes to durable and broad-spectrum resistance by integrating hormonal signalingsignalling, transcriptional regulation, and metabolic reprogramming. These findings provide valuable insights into the genetic basis of stress resilience in rice and identify key candidate genes (Os07g0416050, Os07g0416100, Os07g0434300, and Os07g0434500) that can be targeted for marker-assisted breeding and functional validation studies to enhance crop productivity under stress-prone environments.
Conclusion	Comment by HP: Avoid repetition of text both abstract and conclusion- See first 2 sentences. 
The in-silico analysis of the Chromosome 7 region revealed a diverse set of genes associated with rice blast resistance and stress adaptation. Key defence-related gene families, including WRKY, MYB, ERF transcription factors, fatty acid desaturases, kinases, and cytochrome P450 proteins, were identified within the QTL interval. Their functional annotations indicate coordinated roles in pathogen defence, oxidative stress regulation, and hormonal signaling. The presence of uncharacterized proteins and non-coding transcripts suggests additional regulatory elements that may fine-tune stress responses. Overall, this genomic region represents an important hub for multi-stress tolerance in rice. Notably, genes such as Os07g0416050, Os07g0416100, Os07g0434300, and Os07g0434500 emerge as strong candidates for functional validation and use in marker-assisted breeding aimed at developing durable blast-resistant rice varieties.
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