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ABSTRACT 

Trichosanthes dioica Roxb. (Pointed gourd) is a dioecious, cultivated 

vegetable crop belonging to the family Cucurbitaceae. It is found to be 

cultivated throughout the plains of North and North-East India. It is also 

commercially cultivated in other Asian countries like, Pakistan, Sri Lanka 

and Bangladesh. In India, all parts of this plant had been traditionally used 

as food and in ayurveda to treat various disorders. It is one of the important 

cultivated vegetable crops in the plains of sub-Himalayan West Bengal. 

However, due to humid agro-climatic conditions, fungal infections are 

common in this region which leads to substantial economic losses. The 

farmers of the region are therefore largely dependent on the synthetic 

chemicals for disease management. Use of these synthetic chemicals not 

only derive a resistance in the pathogen but also disturb the normal soil-

micro flora as well as create health hazards to human which necessitates 

research in alternative methods for limiting the fungal infections.  

The understanding of molecular events of the host pathogen 

interaction leading to induction of resistance in a susceptible variety is of 

great importance in agriculture. In the present study, isolation of pointed 

gourd pathogens and their identification has been given first priority. Next, 

the genetic determinants of disease resistance were investigated. Finally, 

induction of disease resistance by some known elicitors was studied.  

The objectives of the present study were as follows: 1) Isolation of 

major pathogens responsible for foliar and fruit diseases in Trichosanthes 

dioica available in sub-Himalayan West Bengal. 2) Pathogenicity tests of the 

isolated pathogens and assessment of disease incidence. 3) Physiological, 

morphological and molecular characterization of some pathogens. 4) Studies 

on disease resistance of Trichosanthes dioica. 5) Induction of plant defense 

with some signalling molecules against major isolated pathogens.  

 At the onset, pointed gourd fields of six districts of sub-Himalayan 

West Bengal viz. Darjeeling, Kalimpong, Jalpaiguri, Coochbehar, Alipurduar 
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and Uttar Dinajpur were surveyed from time to time for occurrence of 

diseases. Different types of symptoms were found on leaves, stems and 

fruits. The diseases were leaf blight, leaf spots (white as well as brown), fruit 

rot, fruit antracnose and whole plant necrosis. Altogether thirteen fungal 

pathogens could be isolated from different affected fields. Pathogenicity of 

the isolates was ascertained by pathogenicity tests through verification of 

Koch’s postulates. Studies on morphological characters of the thirteen 

pathogenic fungal isolates revealed that four of them belong to the genus 

Curvularia, three of them were Alternaria sp., another three were Fusarium 

sp., one was Aschochyta sp., another one was Periconia sp. and the last one 

was Colletotrichum sp.  

Seven different media viz. PDA, OMA, YEMA, MEA, PGDA, CDA, and 

RA were used to study the growth of the isolated fungi. From the results it 

was clear that PDA showed maximum growth of mycelia for all the tested 

fungi except Colletotrichum sp. which showed best vegetative growth in OMA 

medium. In all the cases, OMA was recorded as excellent medium for 

sporulation. Studies on the mycelial growth at different pH in PDA medium 

showed that mycelial growth occurred maximum at pH 5.5. A medium to 

low range of growth was recorded at pH 3.5 and pH 7.7. Further, the 

optimum temperature for the growth of all the isolated pathogens was 28°C. 

For further confirmation of the identity of the isolated pathogens, 

molecular characterization was done where ITS of rDNA regions, partial 28S 

rDNA LSU regions and Actin genes of the isolated fungi were amplified 

through PCR, and obtained sequences were subjected to phylogenetic 

analysis following BLAST searches. GenBank accession numbers of ‘ITS’, 

‘28S LSU’ and ‘ACT’ genes have been given respectively in parentheses for 

each of the thirteen identified isolates: Curvularia spicifera (KX910098, 

KY411823, MN938365), Fusarium equiseti (KY411826, KY411824, 

MN938374), Ascochyta medicaginicola (MF447846, MF447845, MN938368), 

Periconia macrospinosa (MF447844, MF447843, MN938369), Fusarium 

oxysporum (MH842200, MH842203, MN938373), Colletotrichum orbiculare 

(MN006616, MZ314443, MN168524), Curvularia lunata (MN006628, 

MN006674, MN938366), Curvularia aeria (MN006621, MN006625, 
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MN938367), Curvularia verruciformis (MN006618, MN006619, MN967012), 

Alternaria alternata (MN020527, MN010519, MN938370), Alternaria 

destruens (MN006678, MZ314458, MN938371), Alternaria tenuissima 

(MN006675, MN010576, MN938372) and Fusarium equiseti (MH744998, 

MH744997, MN938375). 

Among the isolated pathogens, C. spicifera, F. oxysporum, C. 

orbiculare, C. lunata, C.  aeria, A. tenuissima, P.  macrospinosa, C. 

verruciformis, A. medicaginicola and A. destruens have been reported for the 

first time as a pathogen of pointed gourd. Morphological identification was 

found to be similar to that of molecular identification. 

Till date no study has been conducted focusing on identification and 

characterization of Resistance (R) and Defense Related (DR) genes in the T. 

dioica. Further the evolutionary relationship of different categories of T. 

dioica R and DR genes within the family and across different plant species 

level is also lacking. However such studies are plenty in other 

cucurbitaceous plants. To fulfill the study, one R-gene viz. Pointed Gourd 

Resistance Gene Analogs (PG-RGA) and five DR-genes (PAL, Peroxidase, 

Glucanase, Chitinase, and PPO) were amplified from pointed gourd plant by 

using gene specific primers. After cloning, sequencing and BLASTn analysis, 

the genes were submitted to the GenBank. Phylogenetic analysis of R-gene 

was performed to identify its homologues within other genomes of 

cucurbitaceae. Results showed that in cucurbitaceous plants, both ‘CC-NBS’ 

and ‘TIR-NBS’ kind of motifs are present. The PG-RGA of T. dioica belongs to 

the group ‘CC-NBS’ and it showed a close sequence similarity with Cucurbita 

moschata sequences. The phylogenetic analysis of DR genes (PAL, 

Peroxidase, Glucanase, Chitinase, and PPO) was also done in comparison to 

their corresponding genes present on the genome of same and different 

families. Upon analysis it was observed that, the T. dioica DR gene sequence 

shared a common cluster with its identical gene within the family and 

showed a distant relationship with other species. This is a preliminary work 

regarding the R and DR genes present in T. dioica, their characterization and 

evolutionary study. 
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‘Induced resistance’ is an alternative approach for plant protection 

because it minimizes the use of toxic chemicals for disease control. Induced 

resistance is not based on direct defense activation by the inducing agent, 

but on a faster and stronger activation of inducible defense mechanism once 

the plant is exposed to the pathogen. This enhanced capacity to express 

basal defense mechanisms is called potentiation, sensitization or priming. 

There is a lack of information about defense induction in pointed gourd 

plant by these chemical inducers. In this study, seven different abiotic 

inducers viz. α-Aminobutyric acid (AABA), β-aminobutyric acid (BABA), γ-

amino butyric acid (GABA), 2,1,3-Benzothiadiazole (BTH), Salicylic acid (SA), 

Abscisic acid (ABA) and Hydrogen peroxide (H2O2) were used to activate 

defense signaling in pointed gourd and induce defense related enzymes to 

elevate host resistance. The isolated strain of F. equiseti was used as 

pathogen. The entire experiment was performed with appropriate controls in 

four sets (untreated-uninoculated, untreated-inoculated, treated-

uninoculated and treated-inoculated) for each inducer. Disease index values 

and levels of five defense related enzymes (PAL, Peroxidase, Glucanase, 

Chitinase and PPO) were estimated to correlate the effect of these inducers 

on host defense. Disease index data showed that BTH and ABA were better 

inducers to resist disease against the fungus F. equiseti.  

In the present study, PAL activity was induced to maximum levels (2.5 

fold increase) by treatment with SA. Significant increase of the enzyme was 

also observed in ABA and BTH treated plants. When level of Peroxidase was 

studied following application of seven inducers, about 5 fold increases in 

enzyme level was found to occur by ABA, BTH, AABA, GABA, BABA and 

H2O2 but SA did not induce the enzyme level significantly. Highest 

peroxidase activity was recorded in BTH and ABA-treated plants. β-1,3-

glucanase was found to increase up to 1.5 fold after 7 days of inoculation. 

ABA and BTH treated plants also showed increased level of β-1,3-glucanase 

enzyme activity. In addition, Chitinase activity was found to be induced to 

highest levels by treatment of BTH and BABA. PPO activity increased almost 

2.5 fold in case of BTH treated plants followed by ABA treated plants.  
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In order to confirm the over-expression of R and DR genes, semi-

quantitative analysis by using Reverse Transcriptase PCR (RT-PCR) were 

done with the help of specific primers. To normalize the analysis, one 

housekeeping gene (26S rDNA) was taken into consideration. For this study, 

two experimental set-ups were placed, one with ‘untreated-control’ and 

another with ‘inducer treated’ plants. Three days post-treatment with the 

seven inducers, total RNA was extracted from all plants and measured 

spectrophotometrically.  The ‘inducer treated’ plants showed more RNA 

concentration in comparison with ‘untreated control’. The RT-PCR products 

and extracted RNA were subjected to agarose gel electrophoresis. 

Densitometric analysis of the developed gel was done by a computer 

software ImageJ version 1.5.2v. From the results it was evident that in 

‘inducer-treated’ plants, R and DR genes showed more intensity in 

comparison to that of ‘untreated control’ plants.  

The present study reports isolation of ten new pathogenic fungi from 

pointed gourd plants. Resistance Gene Analogs (RGA) of ‘CC-NBS’ type is 

also a new report in pointed gourd plants. Phylogenetic analysis of five 

different DR genes present in pointed gourd plants has also been done for 

the first time in the present study. In addition, use of chemical inducers to 

manage the fungal disease caused by F. equiseti could be established as an 

alternative to replace the harmful fungicides and to provide an efficacious 

control of the fungal disease.  
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PREFACE 

The history of agriculture began thousands of years ago with the civilization 

of the Indus Valley. In 2016, agriculture and allied sectors like horticulture, 

forestry, animal husbandry, and fisheries together accounted for 15.4% of 

the country's gross domestic product (GDP). In 2018, 50% of the Indian 

workforce was employed in agriculture which contributed 17–18% to the 

GDP. India ranks first in highest net cropped area followed by the United 

States and China. 

 Large quantity of food crops and vegetables are destroyed annually 

due to fungal pathogens. Impact of such severe economical losses is also 

related to global poverty. According to statistics, the world harvest figures 

suggest that fungal diseases cause huge yield losses in the five most 

important crops; wheat, rice, maize, soybean and potatoes. If such losses 

were diminished, those crops would have been enough to feed at least 8.5% 

of the seven billion populations. Moreover, in a hypothetical incidence where 

these five crops were affected concomitantly, around 61% of the world’s 

population would suffer a food shortage. Therefore, proper attention to 

control fungal diseases in different countries, specifically in developing 

countries needs to be given priority.  

 As fungal diseases are a major threat to crop production, the 

application of fungicides to control fungal diseases is often considered 

necessary to secure the worldwide food supply. Furthermore, deliberate use 

of fungicides change the soil conditions and give rise to invasive fungal 

species. Most importantly it helps in development of fungicide resistance. 

The excessive use of fungicides causes health hazards to all the living 

creatures inhabiting both land and water, as it can enter aquatic ecosystems 

via drift, drainage and surface runoff from agricultural use. Despite the 

various risks in living systems and the environment due to excessive use of 

fungicides, the effects of fungicides have received far less attention. Under 

these circumstances, there is a need for constant search for new 
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environmental friendly fungicides, effective measures to prevent fungicide 

resistance, and more importantly novel treatment strategies by utilizing 

plant’s own defense mechanisms through understanding plant-pathogen 

interactions. 

 Pointed gourd (Trichosanthes dioica) is one of the most consumed 

vegetable in the Asian tropical countries. It is mainly cultivated in India, 

Bangladesh, Pakistan, Myanmar, Nepal and Sri Lanka. In India, a total of 

2,52,000 metric tons of pointed gourd was harvested from 18,000 hectares 

of land during 2016-2017. Different parts of the plant are used in a number 

of Ayurvedic preparations by the folk practitioners. Several fungal diseases 

have been reported to cause considerable damage to pointed gourd 

production in India. These include downy mildew caused by 

Pseudoperonospora cubensis, fruit rot by Pythium aphanidermatum and P. 

cucurbitacearum, sclerotinia stem rot by Sclerotinia sclerotiorum, fruit and 

vine rot by Phytophthora melonis, anthracnose by Colletotrichum capsici etc.  

Increasing fungal attacks necessitated the use of different types of 

fungicides. The compulsion of alternative environment-friendly control 

methods are being understood by the researchers and policy makers. For 

this, proper understanding of the complex defense mechanisms of plants, 

their interaction with applied defense inducing molecules and the invading 

fungal pathogens are necessary in order to increase the efficiency and 

realize the true potential of sustainable disease control methods.  
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Fig. 4.35: Efficacy of GABA and BTH treatment in pointed gourd plants for 

reducing disease severity following challenge inoculation with F. 
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days post inoculation (untreated-inoculated); (C) GABA treated 
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pointed gourd plant after 7 days post-treatment; (D) SA treated-

inoculated pointed gourd plant after 7 days post-treatment; (E) 
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Fig. 4.43: Screenshots of the ImageJ window showing the selected RNA (A) 
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xxiv 
 

LIST OF APPENDICES 

 
7. A. Appendix-I: Chemicals and Reagents 

7. B. Appendix II: Buffers and Solutions 

7. C. Appendix-III: Growth media 

7. D. Appendix-IV: Sequences submitted in the GenBank 

7. E. Appendix-V: List of publications 

7. F. Appendix-VI: Reprints 

  

 

 

 



xxv 

 

ABBREVIATIONS 

 
 
µg Microgram H2O2 Hydrogen peroxide 

µl Microlitre JA jasmonic acid 

µm Micrometre L Litre 

0C Degree Celcius LAR Local acquired resistance 

ABA abscisic acid LB Luria-Bertani 

AABA α-Aminobutyric acid LPS Lipopolysaccharide 

ACT Actin gene LRR Leucine-rich repeats 

avr avirulence LSU Large subunit 

BABA β-amino butyric acid LZ Leucine zipper 

BLAST Basic local alignment search M Mole 

 tool mAmp Milliampere 

BLASTn Nucleotide BLAST MEA Malt extract agar 

bp Base pair MEGA Molecular evolutionary genetics 

analysis 

BTH 2,1,3-benzothiadiazole mg Milligram 

CC Coiled-Coil min Minutes 

CD Critical Difference ml Millilitre 

CDA Czapek dox agar mm Milimetre 

cm Centimetre mM Milimole 

CTAB Cetyl trimethyl ammonium bromide M-MuLV Moloney murine leukemia virus 

DNA Deoxyribonucleic acid MPKs mitogen-activated protein kinases 

dNTPs Deoxyribonucleotide triphosphates mRNA Messenger RNA 

EC Enzyme class N Normal 

EDTA Ethylenediamine tetra acetic acid NBS Nucleotide binding site 

g Gravitational force NCBI National Centre for Biotechnology 

Information 

gm Gram ng Nanogram 

GABA γ-amino butyric acid nm Nanometer 

h Hour No. Number 

HR Hypersensitive response NPR1  Non-expressor of pathogen-related 

gene 1 

ISR Induced systemic resistance nt Nucleotide 

ITS Internal transcribed spacer OMA Oat meal agar 

kb kilo bases PAL Phenylalanine ammonia lyase 

 



xxvi 

 

 

PDA Potato dextrose agar SA Salicylic acid 

PDB Potato dextrose broth SAR Systemic aacquired resistance 

PCR Polymerase chain reaction SDT Sequence demarcation tool 

PGDA Pointed gourd dextrose agar SDW Sterile distilled water 

PGPR Plant Growth Promoting Rhizobacteria SE Standard error 

PPO Polyphenol oxidase TAE Tris acetate EDTA 

PVP Polyvinyl pyrrolidone TIR Toll Interleukin-1 Receptor 

R Resistance TNL TIR-NBS-LRR 

RA Richards‘s agar TM Transmembrane region  

RGAs resistance gene analogs  UV-VIS Ultraviolet-Visible 

RNA Ribonucleic acid V Volt 

ROS Reactive oxygen species v/v Volume by volume 

rpm Rotation per minute w/v Weight by volume 

rRNA Ribosomal RNA wt Weight 

RT-PCR Reverse transcription PCR YEMA Yeast extract mannitol agar 



Contents 

 

Item Page Nos. 

Declaration i 

Certificate Ii 

Acknowledgement iii-iv 

Urkund Analysis Report v 

Abstract vi-x 

Preface xi-xii 

List of Tables xiii-xv 

List of Figures xvi-xxiii 

List of Appendices Xxiv 

Abbreviations xxv-xxvi 

1. Introduction  1–6 

2. Literature Review 7–40 

 2.1. Diseases of pointed gourd 8 

  2.1.1. Fruit and vine rot 8 

  2.1.2. Net blight 8 

  2.1.3. Stem rot 9 

  2.1.4. Anthracnose 9 

  2.1.5. Mosaic disease of pointed gourd 9 

  2.1.6. Downy Mildew 10 

  2.1.7. Powdery Mildew 10 

  2.1.8. Sclerotinia rot of pointed gourd 10 

  2.1.9. Root-knot nematode in pointed gourd 10 

  2.1.10. Post harvested damage of pointed gourd 11 

  2.1.11. Insects and Mites causing damage to pointed 

gourd 

11 

 2.2. Fungal pathogens 11 

  2.2.1. Curvularia spicifera 12 

  2.2.2. Fusarium equiseti 12 

  2.2.3. Fusarium oxysporum 13 

  2.2.4. Colletotrichum orbiculare 13 

  2.2.5. Curvularia lunata 14 



  2.2.6. Alternaria alternata 14 

  2.2.7. Alternaria tenuissima 15 

  2.2.8. Alternaria destruens 15 

  2.2.9. Curvularia aeria 15 

  2.2.10. Curvularia verruciformis 15 

  2.2.11. Periconia macrospinosa 16 

  2.2.12. Aschochyta medicaginicola 16 

 2.3. Pathogenicity 16 

 2.4. Detection techniques of fungal pathogen: molecular 17 

 2.5. Plant defense mechanisms 21 

  2.5.1.1. Nucleotide binding site leucine rich repeats 

(NBS-LRR) in cucurbits (R-gene) 

23 

  2.5.1.2. Pathogenesis Related proteins 29 

  2.5.1.3. Defense-related enzymes 31 

   2.5.1.3.1. Peroxidases 32 

   2.5.1.3.2. β-1,3-glucanases 33 

   2.5.1.3.3. Chitinase 33 

   2.5.1.3.4. Phenylalanine ammonia lyase (PAL) 34 

   2.5.1.3.5. Polyphenol oxidase (PPO) 35 

 2.6. Defense inducers 36 

3.Materials and Methods 41–71 

 3.1. Plant materials 41 

  3.1.1. Collection of pointed gourd plants 41 

  3.1.2. Maintenance of pointed gourd plants 41 

 3.2. Pathogenic fungi 42 

  3.2.1. Field survey and collection of disease samples 42 

  3.2.2. Isolation of fungi  43 

  3.2.3. Maintenance of stock cultures 43 

 3.3. Pathogenicity test of isolated fungi 47 

  3.3.1. Inoculum preparation 47 

  3.3.2. Disease induction 47 

   3.3.2.1. Detached leaf inoculation technique 47 

   3.3.2.2. Whole plant inoculation technique 48 

   3.3.2.3. Disease induction in fruits 48 

  3.3.3. Disease assessment 49 

   3.3.3.1 Assessment of disease in detached leaves 49 



inoculated by pathogen 

   3.3.3.2. Assessment of disease in leaves of whole 

plants 

49 

   3.3.3.3. Assessment of disease in Fruits 50 

  3.3.4. Verification of Koch’s postulations 50 

 3.4. Identification of isolated fungal pathogens 51 

  3.4.1. Studies on phenotype 51 

   3.4.1.1. Colony characteristics 51 

   3.4.1.2. Microscopy 52 

  3.4.2. Studies of fungal genes for identification  52 

   3.4.2.1. Isolation of fungal genomic DNA 53 

   3.4.2.2. RNAse treatment 54 

   3.4.2.3. Quantification of DNA 54 

   3.4.2.4. Gel electrophoresis 54 

   3.4.2.5. PCR Amplification  55 

   3.4.2.6. Detection of PCR amplicons in agarose gel 56 

   3.4.2.7. Purification and sequencing of PCR 

products 

56 

   3.4.2.8. Phylogenetic analysis 57 

 3.5. Studies on growth and physiology of the fungal 

pathogens 

57 

  3.5.1. Influence of different culture media on growth and 

sporulation 

57 

  3.5.2. Influence of pH on growth of fungi 58 

  3.5.3. Influence of temperature on growth of fungi 58 

 3.6. Molecular detection of defense related gene 59 

  3.6.1. Isolation of Resistance gene analog (RGA) 59 

   3.6.1.1. Extraction of total RNA  59 

   3.6.1.2. Quantification of RNA 59 

   3.6.1.3. Agarose gel electrophoresis of extracted 

RNA 

60 

   3.6.1.4. RT-PCR (Reverse Transcriptase-PCR) from 

total RNA 

60 

   3.6.1.5. Purification of PCR products 60 

   3.6.1.6. Cloning of PCR product 60 

    3.6.1.6.1. Preparation of competent cells  61 



    3.6.1.6.2. Preparation of ligation mixture 61 

    3.6.1.6.3. Transformation 62 

    3.6.1.6.4. Detection of positive clone by colony 

PCR 

62 

   3.6.1.7. Sequencing and phylohenetic analysis of 

cloned product 

62 

  3.6.2. Isolation of defense enzyme related genes 63 

   3.6.2.1. Extraction of total RNA 63 

   3.6.2.2. Agarose gel electrophoresis of extracted 

RNA 

63 

   3.6.2.3. RT-PCR (Reverse Transcriptase-PCR) from 

total RNA 

63 

   3.6.2.4. Purification of PCR products 64 

   3.6.2.5. Cloning of PCR product 64 

   3.6.2.6. Sequencing and phylogenetic analysis of 

cloned product 

64 

 3.7. Preparation and application of inducer-chemicals on 

pointed gourd plants 

64 

 3.8. Extraction and estimation of defense related enzymes  65 

  3.8.1. Phenylalanine ammonia lyase (EC 4.3.1.5) 65 

  3.8.2. Peroxidase (EC 1.11.1.7) 66 

  3.8.3. β-1, 3-glucanase (EC 3.2.1.6) 66 

  3.8.4. Chitinase (EC 3.2.1.14) 67 

  3.8.5. Poly-phenol oxidase (EC 1.14.18.1) 68 

 3.9. Quantification of transcripts of defense related genes 

from pointed gourd plants by semiquantitative RT-PCR 

68 

  3.9.1. Preparation and application of inducer-chemicals 

on pointed gourd plants 

68 

  3.9.2. Extraction of total RNA  69 

  3.9.3. Quantification of RNA 69 

  3.9.4. Agarose gel electrophoresis of extracted RNA 69 

  3.9.5. Isolation of housekeeping gene (26S rDNA) as a 

reference gene for expression study 

70 

  3.9.6. RT-PCR (Reverse Transcriptase-PCR) from total 

RNA 

70 

  3.9.7. Agarose gel electrophoresis of amplified defense 71 



related gene product 

  3.9.8. Digital analysis of Reverse Transcriptase PCR 

electrophoresis gel 

71 

  3.9.9. Statistical analysis 71 

4. Results 72–169 

 4.1. Chapter-I: Fungal diseases of Trichosanthes dioica 72–82 

  4.1.1.  Survey of fungal diseses in sub-Himalayan West 

Bengal 

72 

   4.1.1.1. Disease symptoms of T. dioica of Darjeeling 

district 

72 

   4.1.1.2. Disease symptoms of T. dioica of Jalpaiguri 

district 

73 

   4.1.1.3. Disease symptoms of T. dioica of 

Alipurduar district 

73 

   4.1.1.4. Disease symptoms of T. dioica of Uttar 

dinajpur district 

74 

   4.1.1.5. Disease symptoms of T. dioica of Cooch 

behar district 

74 

 4.2. Chapter-II: Pathogenicity of the isolated fungi 83–88 

  4.2.1. Pathogenicity of six isolated fungi on whole plants 

following Whole plant inoculation technique 

83 

  4.2.2. Detached leaf inoculation 85 

  4.2.3. Inoculation on fruits  86 

 4.3. Chapter III: Morphological, physiological and 

molecular characterization of the isolated pathogens 

89–124 

  4.3.1. Studies on morphology of the pathogens and their 

molecular characterization 

89 

  4.3.2. Different culture conditions affecting growth and 

sporulation of the pathogens 

94 

   4.3.2.1. Mycelial growth and sporulation of 

pathogens in different solid media   

94 

   4.3.2.2. Effect of different pH on mycelia growth of 

the pathogens 

101 

   4.3.2.3. Effect of different incubation temperatures 

on mycelia growth of the pathogens 

102 

  4.3.3. Molecular Identification of the thirteen different 105 



pathogenic isolates of Trichosanthes dioica and their 

phylogenetic analysis  

   4.3.3.1. Molecular identification of fungal isolates 105 

   4.3.3.2. Phylogenetic analysis of the fungal isolates 108 

    4.3.3.2.1. Curvularia isolates 108 

    4.3.3.2.2. Fusarium isolates 109 

    4.3.3.2.3. Ascochyta medicaginicola 110 

    4.3.3.2.4. Periconia macrospinosa 110 

    4.3.3.2.5. Colletotrichum orbiculare 111 

    4.3.3.2.6. Alternaria isolates 111 

 4.4. Chapter IV: Isolation and molecular 

characterisation of RGA and DR-genes in pointed gourd 

125–140 

  4.4.1. Detection and analysis of Resistance Gene Analog 

(RGA) 

125 

  4.4.2. Detection and analysis of defense related enzyme 

genes 

128 

   4.5.1.1. Analysis of PAL genes isolated from pointed 

gourd 

128 

   4.5.1.2. Analysis of peroxidase genes isolated from 

pointed gourd  

128 

   4.5.1.3. Analysis of polyphenol oxidase (PPO) genes 

isolated from pointed gourd 

129 

   4.5.1.4. Analysis of β-1,3-glucanase genes isolated 

from pointed gourd 

129 

   4.5.1.5. Analysis of chitinase genes isolated from 

pointed gourd 

129 

 4.5. Chapter V: Induction of plant defense by abiotic 

inducers and disease assessment 

141–162 

  4.5.1. Induction of defense in pointed gourd plants by 

abiotic inducers and disease assessment against F. 

equiseti 

141 

  4.5.2. Induction of defense-related enzymes in pointed 

gourd plant by abiotic inducers and studies on some 

defense related enzymes 

147 

   4.5.2.1. Activity of phenylalanine ammonia lyase on 

application of abiotic inducers 

147 



   4.5.2.2. Activity of peroxidase on application of 

abiotic inducers 

151 

   4.5.2.3. Activity of β-1,3-glucanase on application of 

abiotic inducers 

154 

   4.5.2.4. Activity of chitinase on application of 

abiotic inducers 

157 

   4.5.2.5. Activity of polyphenol oxidase on 

application of abiotic inducers 

160 

 4.6. Chapter VI: Quantification of transcripts of R and 

DR genes in pointed gourd plants by semi-quantitative 

RT-PCR 

163–169 

5. Discussion 170–186 

6. Bibliography 187–237 

7.A. Appendix-1: Chemicals and Reagents 238–240 

7.B. Appendix-2: Buffers and Solutions 241–244 

7.C. Appendix-3: Growth media 245–247 

7.D. Appendix-4: Sequences submitted in the GenBank 248–257 

7.E. Appendix-5: List of publications 258 

7.F. Appendix-6: Reprints 259  

 



1 
 

1. INTRODUCTION 

Pointed gourd or Trichosanthes dioica Roxb., is a genus of family 

cucurbitaceae. The plant is annual or perennial herb distributed in tropical 

Asia and Australia. Pointed gourd is thought to be originated in the Indian 

subcontinent or Indo-Malayan region (Singh and Whitehead, 1999; Rai et 

al., 2008; Mythili and Thomas 1999; Nayak et al., 2016). T. dioica is one of 

the most consumed species of Trichosanthes genus in the Asian tropical 

countries particularly in Bangladesh and India (Kumar and Singh, 2011). 

Major pointed gourd cultivating countries are Bangladesh, India, Pakistan, 

Myanmar, Nepal and Sri Lanka (Renner and Pandey, 2013; Mehta and 

Sharma, 2012). In India it is cultivated throughout the plain of Northern 

India, including Assam and Bengal. Kirtikar and Basu (2001) reported some 

common names of pointed gourd as parwal, palwal, parmal, patol, and 

potala. About 316,000 metric tons of pointed gourd was cultivated on 

20,000 hectares of land in India during 2017–18 (Ministry of Agriculture, 

Government of India, 2019). The fruits and leaves (the main edible parts of 

the plant) are cooked in various ways (Singh and Whitehead, 1999). The 

plant is dioecious, and grows as vines that are thick like a pencil. The leaves 

are dark green, rough on both surfaces, ovate, cordate, oblong and rigid. 

Roots are tuberous with long tap root system (Maurya, 1985). 

The various chemical constituents present in pointed gourd are 

Vitamin A, Vitamin C, Saponins, Tannins, alkaloids, mixture of novel 

peptides, tetra and pentacyclic triterpenes (Chopra et al., 2002; Ghaisas et 

al., 2008). The seed extract of this fruit contain 7-oxidihydrokaro undiol-3-

benzoate as the most predominant component in the highly polar fraction of 

the non saponifiable lipid (Toshihiro et al., 1997). Two main phytosterols 

namely 24 α-ethyl cholest-7- enol and 24 β-ethyl cholest-7-enol are present 

in this plant (Kongton, 2003). Roots contain a phytosterol, hentriacontans, 

an amorphous saponin, and a non-nitrogenous bitter principle (Gupta and 

Pagoch, 2014). Several bioactive compounds are also present including 

peptides (viz. trichosanthin and lectin); triterpenes (viz. cucurbitacin B, 
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euphol, α-amyrin, β-amyrin, betulin, taraxerol, lupeol and karounidiol), 

sterols, steroidalsaponin and flavonoids (Khandakera et al., 2018). 

Pointed gourd has several therapeutic properties. Those are 

antihyperglycemic activity (Rai et al., 2008), hepatoprotective activity 

(Ghaisas et al., 2008), cholesterol-lowering activity (Sharmila et al., 2007), 

antiinflammatory activity (Fulzule et al., 2001), in skin disorder protective 

(Bhujbal, 1999), antioxidant activity (Shivhare et al., 2010; Dixit and Kar, 

2009), wound healing activity (Shivhare et al., 2010a; Shivhare et al., 

2010b), antitumor activity (Bhattacharya et al., 2011), ameliorative effect on 

arsenic toxicity (Bhattacharya et al., 2012; Bhattacharya et al., 2013-2014), 

immunomodulatory effect (Bhadoriyal and Mandoriya, 2012), antipyretic 

activity (Alam et al., 2011), and neuropharmacological activity 

(Bhattacharya, 2012; 2013).  

Several diseases have been reported to cause considerable damage to 

pointed gourd production in India. These include downy mildew caused by 

Pseudoperonospora cubensis (Bilgrami et al., 1979; Khatua et al., 1981; 

Mondal et al., 2014), fruit rot by Pythium aphanidermatum and P. 

cucurbitacearum (Chaudhuri, 1975), sclerotinia stem rot by Sclerotinia 

sclerotiorum (Khatua et al., 2014), fruit and vine rot by Phytophthora melonis 

(Khatua et al., 1981; Guharoy et al., 2006), anthracnose by Colletotrichum 

capsici (Khatua, 2004) and root knot nematode by Meloidogyne incognita 

(Mukherjee & Sharma, 1973; Khatua, 2004). Raj et al. (2011) have also 

reported Ageratum enation virus infection of pointed gourd in India. 

Plant pathogenesis related (PR) proteins are structurally diverse group 

of plant protein that plays an important role in disease resistance and are 

generally induced by various types of pathogens such as viruses, bacteria, 

and fungi (van Loon 1985, Rigden et al., 1988, Lamb et al., 1989) and 

(Mahendranathan et al., 2016). When a pathogen attacks a plant they 

generate stress, for that, PR proteins are produced in a high concentration. 

They are present in plant cells intercellularly and intracellularly (Agrios, 

2005). Several groups of PR proteins have been classified according to their 

properties and functions. Currently PR proteins are categorized into 17 
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families according to their properties and functions, including -1,3-

glucanases, chitinases, thaumatin-like proteins, peroxidases, ribosome-

inactivating proteins, defensins, thionins, nonspecific lipid transfer proteins, 

oxalate oxidase, and oxalate-oxidase-like proteins (van Loon and van Strien, 

1999). PR proteins are either extremely acidic or extremely basic and 

therefore are highly soluble and reactive (Legrand et al., 1987). The signal 

compounds responsible for induction of PR proteins include salicylic acid, 

ethylene, xylanase, polypeptide systemin, jasmonic acid and probably some 

others (Agrios, 2005). 

Apart from PR proteins (peroxidase, chitinase, β-1,3- glucanase etc.) 

some plant enzymes such as polyphenol oxidase, phenylalanine ammonia 

lyase are also related to resistance inducement in plants (Prasannath and 

De Costa, 2015; Gajanayaka et al., 2014; Seneviratne et al., 2014). 

Phenylalanine ammonia-lyase is the first enzyme of the phenylpropanoid 

pathway and is involved in the biosynthesis of lignins, phenolics and 

phytoalexins which increase the plant defense (Pellegrini et al., 1994; 

Walters et al., 2005). 

Priming is a physiological state of plant in which it responds more 

rapidly to the exposure of biotic or abiotic stress (Conrath, 2009). Infection 

by necrotising pathogen, colonisation of microbes in the roots, or after 

treatment with various chemicals, many plants establish a unique 

physiological situation that is called the ‘primed’ state of the plant. In the 

primed condition, plants are able to ‘recall’ the previous infection, root 

colonisation or chemical treatment. In primed state plants respond more 

rapidly and/or effectively when re-exposed to biotic or abiotic stress, a 

feature that is frequently associated with enhanced disease resistance 

(Goellner and Conrath, 2008). Priming initially triggers a minor part of a 

defense response that increases the plant’s ability to defend itself against 

future antagonists. Priming agents may be living organisms, chemicals or 

components thereof, and priming can be applied to various tissues and at 

diverse developmental stages (Westman, 2019). 



4 
 

Though molecular mechanisms about priming are not completely 

understood, but there is a consensus that primed plants conserve a memory 

and two potential mechanisms have been suggested. One involves 

accumulation of mitogen-activated protein kinases (MPKs) (Beckers et al., 

2009). The other mechanism is that epigenetic changes in DNA methylation 

and histone modifications which may be the carriers of stress memories and 

triggers the immune responses (Conrath, 2011; Jaskiewicz, 2011; Espinas, 

2016).  

Till date several chemicals have been established as successful 

inducers such as 2,6-dichloroisonicotinic acid (INA), salicylic acid (SA) and 

its synthetic analogs, chitin, lipopolysaccharide (LPS), benzo (1,2,3) 

thiadiazole-7-carbothioic acid (BTH), azelaic acid, β-aminobutyric acid 

(BABA), Vitamin B1 (thiamine), Vitamin B2 (riboflavin) hexanoic acid, and 

many other natural or synthetic compounds (Conrath, 2002; Ahn et al., 

2005; Conrath et al., 2006; Zhang et al., 2008; Jung et al., 2009; Scalschi 

2013). Application of these chemicals results as ‘priming activation’ by 

various cellular defense responses in plants. These cellular responses are 

included in rapid induction of ion transport changes at the plasma-

membrane, early reactive oxygen species (ROS) burst, synthesis and 

secretion of phytoalexins, callose deposition and the accumulation of 

transcripts for various pathogenesis-related (PR) genes (Conrath, 2002; 

Goellner and Conrath, 2008). Most of the above mentioned activated defense 

responses were identified to generally dependent on some known resistance 

signaling pathways, such as systemic acquired resistance (SAR) and 

induced systemic resistance (ISR). These pathways use endogenous 

hormone salicylic acid (SA) and jasmonic acid (JA) as the signal 

transduction molecules, respectively. However, the activated plant defense 

by β-aminobutyric acid (BABA) was reported to mediate another signaling 

mechanism that differs from SAR and ISR (Ton et al., 2004). 

Diseases caused by fungi are affecting the production and quality of a 

wide range of cucurbits at an alarming rate. Many reports of fungal diseases 

are available in cucurbitaceae occurring throughout the world. But 
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information of fungal diseases of pointed gourd is scanty. Establishment of 

successful disease control requires a good understanding of plant-pathogen 

interactions along with understanding of environmental conditions required 

for disease establishment. Understanding the molecular responses 

associated with host defence mechanism in pointed gourd is very important 

for better management of the crop. The resistance mechanisms and the 

major genes involved in the defense system of pointed gourd are quite 

unknown.  

On the basis of above information it was considered worthwhile to 

isolate and identify the pathogens affecting pointed gourd and also to know 

about the resistance mechanisms along with the major genes involved in the 

defense system of pointed gourd. 

Thus, the present study has been taken into consideration with the 

following objectives. 

Objectives: 

1. Isolation of major pathogens responsible for foliar and fruit diseases in 

Trichosanthes dioica available in sub-Himalayan West Bengal. 

2. Pathogenicity tests of the isolated pathogens and assessment of 

disease incidence. 

3. Physiological, morphological and molecular characterization of some 

pathogens. 

4. Studies on disease resistance of Trichosanthes dioica. 

5. Induction of plant defense with some signalling molecules against 

major isolated pathogen. 
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Fig. 1.1: Cultivated pointed gourd plants in farmer’s field in different places of northern 

West Bengal: A. Kharibari, Siliguri subdivision of Darjeeling District. B. Islampur, Uttar 

Dinajpur District. C. Dhupguri, Jalpaiguri District. D. Guabari, Siliguri subdivision of 
Darjeeling District.  E. Alipurduar, Alipurduar District. and F. Tambari, Siliguri 

subdivision of Darjeeling District. 
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2. LITERATURE REVIEW 

Plants in general suffer from several diseases in different seasons. They have 

to withstand with stress of abiotic nature as well as of biotic nature. Thus 

they have developed wide range of defense mechanisms to combat the 

stressed situations. The biotic stresses are mostly caused by fungal 

pathogens. Hence, plants have developed a variety of defense system which 

may be broadly classified as preformed and post-formed (inducible). It has 

been experienced that there are several signal molecules which may trigger 

defense against certain pathogen or pathogens of a plant. A thorough 

knowledge of the underlying mechanism of induced resistance at 

physiological, biochemical and molecular levels are now required for better 

understanding of the spectrum of such resistance in plants. Understandings 

of mechanisms of induction of different signals are also essentials for 

sustainable and effective management of diseases in the field. 

 The present study begins with an overall review of the previous 

scientific works that has been documented by the earlier scientist and 

workers. The body of literature with special reference to the present line of 

investigation has been presented in a selective and concise manner rather 

than an extensive one. 

For convenience, the observations of the previous workers have been divided 

into six consecutive points:  

 Diseases of pointed gourd 

 Fungal pathogens- a threat to farming of crops 

 Pathogenicity 

 Detection techniques of fungal pathogens: Molecular  

 Plant defense mechanism 

 Defense inducers 
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2.1. Diseases of pointed gourd 

2.1.1. Fruit and vine rot                

As pointed gourd is a tropical crop, the major part of its growth phase 

passes through rainy season. Fruit and vine rot of pointed gourd incited by 

Phytophthora melonis Katsura appears every year in West Bengal (Saha et 

al., 2004) and cause severe damage. The disease causes rotting of internodal 

region of the vine, fruit rot and leaf blight. Devastation of the entire crop is a 

common phenomenon in rainy season. The disease is popularly known as 

“Haja”.   

Khatua (2004) described stem rot, fruit rot and vine rot of pointed 

gourd. He also mentioned about leaf blight, leaf spot and marginal blight 

symptoms. Oozing of sticking material from the point of infection in humid 

condition was reported to be characteristic symptoms of the disease. In 

humid condition, white mycelia growth of the causal fungus with abundant 

sporangia was found on the infected tissues. The causal pathogen of stem 

and fruit rot of pointed gourd was identified as Phytophthora cinnamomi 

based on sympoidially branch sporangiophore and internal sporangial 

proliferation. 

Guharoy et al. (2006) for the first time reported that Phytophthora 

melonis was a pathogen of Trichosanthes dioica. The disease was responsible 

for the devastating the cultivation of pointed gourd. They identified the 

pathogen by morphological and molecular tools based on the restriction 

fragment length polymorphism (RFLP) of non-coding internal transcribed 

spacer (ITS) region and ITS sequencing.  

2.1.2. Net blight 

Khatua, (2004) for the first time reported the presence of Net blight of 

pointed gourd from India. Disease was caused by very small sclerotia 

forming Rhizoctonia solani and was observed during rainy season 

particularly during the rainy days. He also reported that the disease 

initiated as water soaked angular spot, delimited by veinlets on lower 
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surface of the leaves and on maturity leaves dried up. Thin hyphal filaments 

were also observed by them on the diseased tissue.  

2.1.3. Stem rot 

Stem rot of pointed gourd was caused by Sclerotium rolfsii, as identified by 

Khatua in 2004. The pathogen, Sclerotium rolfsii infected the vines of the 

plant. It caused rotting of some portion of the stem, which was in close 

contact with soil, producing white mycelia growth on the affected tissue. 

Mycelia growth was also visible in the nearby soil. Later sclerotia were 

formed on the infected tissue and in the nearby soil.  Finally, the vine was 

dried up. Maximum damage was reported when it attacked the roots 

infested with Root Knot nematode (Khatua, 2004).  

2.1.4. Anthracnose 

Khatua (2004) observed anthracnose disease in the field crop, grown on 

scaffold/macha. Individual vines were dried up due to infection on the vine. 

Lesions on the vine were brown in colour, 2-4 cm in length without 

superficial mycelia growth. Acervuli were formed on the lesion. The causal 

organism of anthracnose was reported to be Colletotrichum capsici. Acervuli 

of the fungus were found on stems. Acervuli were round or elongated, intra 

and sub epidermal. It disrupted outer epidermal cell walls of host. Setae 

were brown, 1–5 septate, hardly swollen at the base, slightly tapered to the 

paler acute apex. Conidia were hyaline, falcate with acute apex.  

2.1.5. Mosaic disease of pointed gourd 

Raj et al. (2011) detected Ageratum enation virus, a Begomovirus, from 

symptomatic leaf samples of the pointed gourd plants by PCR using coat 

protein gene-specific primers. The virus was responsible for formation of leaf 

mosaic symptom, leaf curl symptom, reduction of leaf lamina, deformation 

of fruits and dwarfing of entire plant. They reported about 20–25% disease 

incidence and a huge amount of crop loss. They found infestation of 

whiteflies (Bemisia tabaci) in the field. Throughout the world, several viruses 

from T. dioica have been reported (Jones et al., 2000). Bhargava (1977) 
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reported the presence of Watermelon mosaic virus on T. dioica from India. 

Raj et al. (2011) found significant crop loss of T. dioica by Trichosanthes 

mottle virus.  

2.1.6. Downy Mildew 

Mondal et al. (2014) stated that during winter, pointed gourd plants are 

attacked by downy mildew causing fungus Pseudoperonospora cubensis 

(Berkeley & M. A. Curtis) Rostovzev, which damage the crop extensively. In 

West Bengal the disease appears in December and persists until March next 

year. Early spots were light green in appearance which later turned to 

chlorotic and finally became necrotic and the affected host plant died.  

2.1.7. Powdery Mildew 

Bharathi et al. (2013) reported the occurrence of powdery mildew disease 

caused by Sphaerotheca fuliginea in pointed gourd plants. They found 

powdery appearance on leaves along with occasional circular patches or 

spots on the lower surface of the leaves. The leaves gradually turned brown 

and after shriveled finally the plants became defoliated. 

2.1.8. Sclerotinia rot of pointed gourd 

Pointed gourd is a summer season crop but it is also cultivated as an early 

summer crop for its high market price (Khatua et al., 2014). Due to such 

untimely cultivation practice, incidences of new diseases were also found to 

occur. One such disease (Sclerotinia rot caused by Sclerotinia sclerotiorum 

(Lib.) de Bary) was found to occur on pointed gourd plants of Birbhum 

district of West Bengal (Khatua et al., 2014). Mondal et al. (2014) reported 

that Sclerotinia root rot was visible on infected pointed gourd fruit. They 

found prominent white mycelial growth on the fruits which became reddish-

brown and the whole infected fruit rotted gradually. Abundant small to 

large, elliptical, circular and irregular sclerotia were discernible on the rotted 

fruits.  
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2.1.9. Root-knot nematode in pointed gourd 

Root-knot nematodes (Meloidogyne spp.) are one of the most important and 

devastating polyphagous pests in agriculture. Infestation on crops greatly 

impact their health, yield and quality. It is one of the major biotic 

constraints for the profitable cultivation of pointed gourd in West Bengal 

(Hussey and Janssen, 2002). The nematode can cause yield loss to the 

extent of 44% in pointed gourd (Verma et al., 2014). 

2.1.10. Post harvested damage of pointed gourd 

Naik et al. (2003) reported that in summer harvested fruits are attacked by 

Fusarium solani. The fungi form a coat of wooly mycelium on the damaged 

area of the fruit and appear as if wrapped in absorbent cotton. The interior 

tissue becomes watery, soft and the decaying matter emits a bad odor. Some 

other post-harvest reports are fruit rot disease of pointed gourd by Pythium 

aphanidermatum (Chattopadhay and Sengupta, 1952), Fruit rot by P. 

cucurbitacearum (Chaudhuri, 1975) and by Fusarium equiseti (Kritagyan et 

al., 1980).  

2.1.11. Insects and Mites causing damage to pointed gourd 

Like other cucurbits, the pointed gourd is also subjected to diseases caused 

by a wide array of insect and non-insect pests such as fruit fly, red pumpkin 

beetle, leaf miner, aphids, whitefly and mites (Rajak, 2001; Jhala et al., 

2005; Gopal Krishnan, 2007; Kumar, 2008; Sapkota et al., 2010; Tiwari et 

al., 2012) right from the initial stages of the crop to harvest of the products 

in India. Such pests also attack pointed gourd in some other countries as 

reported by Rashid et al., 2010; Haque et al., 2011 and Hasan et al., 2012. 

Patel and Karmakar (2004; 2005) reported for the first time that false spider 

mite (Brevipalpus phoenicis) was a potential pest of pointed gourd from West 

Bengal. Fruit fly affects pointed gourd in the districts of Malda, 

Murshidabad and Nadia (Jha et al., 2007). The attack of acharines (Chintha 

et al., 2002) and root-knot nematodes (Chakraborty, 2000; Khan and 

Banerjee, 2003) also reported to cause massive damage to the crop. 
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2.2. Fungal pathogens 

Other than the diseases reported above several other fungal pathogens have 

been reported to be a threat to the farming of pointed gourd. Minor to major 

crop losses have been observed by the workers in the past. Some of them 

are being reported in the following lines. 

2.2.1. Curvularia spicifera 

Disease caused by Curvularia spicifera have been reported from almost all 

the major continents, such as Asia (India, Iraq, Pakistan, China and Iran), 

America (Mexico, Argentina), Europe (Greece), and Africa (Egypt, Morocco) 

(Golzar, 1987; Ennaffah et al., 1997). According to Behdani et al. (2012) C. 

spicifera although show low virulence in general, but in favorable condition 

it can cause a significant loss of yield. C. spicifera has been reported as a 

causal agent for stem rot disease of Cynodon and Zoysia (Smiley et al., 

1992) and it causes leaf lesions on the date palm and ornamental palm 

(Forsberg et al., 1985). It was also isolated from the seeds of some herbs 

(Han-Mo et al., 2003; Domsch et al., 1980). Zillinsky (1983) noted that the 

fungi occasionally attacks rice, wheat, and other cereals. It causes wheat 

crown rot and leaf spot in soft wheat and durum wheat (in India and 

Pakistan) and barley (in Mexico). C. spicifera was isolated in Iran from roots 

and barley leaves (Golzar, 1993), from foliar lesions of barley (Abdallah 

Mohamed and Ali, 2013) and from ears and wheat kernels (Razavi and 

Amini, 1996). Mehrian et al. (1994) reported this fungus as a foliar and stem 

rot pathogen of corn. In Morocco, C. spicifera was isolated from foliar lesions 

of rice plants (Touhami et al., 2000), rice seeds (Benkirane, 1995), from 

Hibiscus rosa-sinensis (Meddah et al., 2006), Punica granatum (Kadri et al., 

2011), Citrullus lanatus (El Mhadri et al., 2009), Ficus retusanitida (Drider et 

al., 2011), Erythrina caffra (Kachkouch et al., 2011), strawberry (Mouden et 

al., 2016) and Musa accuminata (Meddah et al., 2010). The pathogen is also 

responsible for the tarnishing of rice grains (Gnancadja-André et al., 2004). 
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2.2.2. Fusarium equiseti 

Fusarium equiseti is a cosmopolitan pathogen (Nelson et al, 1983; Leslie et 

al., 2006). Messiaen and Casini (1968) considered it as a soil-borne 

pathogen; commonly grows in warm temperate and subtropical areas. Joffe 

and Palti (1967) found this fungus to be pathogenic to cucurbits and 

avocado. The fungus causes root rot in winter wheat and stem rot in maize 

(Booth, 1971), and was also found to be associated with „Fusarium head 

blight‟ disease in barley and wheat (Gale, 2003; Shaner, 2003). F. equiseti 

also causes diseases to pine species in forest nurseries (Bloomberg, 1981). 

Sanders and Cole (1981) also isolated it from bluegrass crowns that 

exhibited symptoms of „Fusarium blight disease‟. The pathogen F. equiseti 

was also found to be pathogenic in a number of plants such as aleppo pine 

of Algeria (Lazreg et al., 2014), cumin of India (Ramchandra and Bhatt, 

2013), cauliflower of China (Li et al., 2017), wheat and heartleaf ice plant of 

Iraq (Lahuf et al., 2018), zucchini of Morocco (Ezrari et al., 2020). F. equiseti 

also cause infection in the cucurbitaceous plants viz. watermelon from 

Georgia (Li and Ji, 2015) and cantaloupe from Thailand (Nuangmek, 2018). 

Kritagyan, (1980) recorded its presence in pointed gourd as a fruit rot 

disease causing fungus.   

2.2.3. Fusarium oxysporum 

Fusarium oxysporum is a major soil borne pathogen and cause wilt diseases 

on a variety of crop plants (Nelson et al., 1981). Some of the reports of wilt 

diseases are wilt of Alfaalfa (Weimer, 1928), Gladiolus grandiflorus (Riaz et 

al., 2008), Lycopersicon esculentum (Singha et al., 2011), Chrysanthemum 

(Singh and Kumar, 2014), Zunchi (Choi et al., 2015), Phaseolus vulgaris 

(Toledo‑Souza et al., 2012), Chickpea (Jendoubi et al., 2017), Banana (Dita 

et al., 2018) and Pulses (Sinha et al., 2018). It also causes Fusarium yellow 

of Celery (Lori et al., 2008). The fungi frequently occur in strawberry plants 

and cause crown and root diseases (Koike et al., 2009; Fang et al., 2013).  

 



14 
 

2.2.4. Colletotrichum orbiculare 

Colletotrichum orbiculare is an important pathogen which causes 

anthracnose of Cucurbitaceae, especially of cucumber (Vakalounakis and 

Williams, 1991), watermelon (Koike et al., 1991; Monroe et al., 1997), and 

muskmelon (Keinath, 2018). Farr and Rossman (2013) reported that more 

than 40 plant host species worldwide are affected by C. orbiculare. The 

pathogen causes lesions on stems, seedlings, petioles, leaves, and fruits of 

cucurbits. On fruits, circular sunken water-soaked lesions have been 

reported to form and that expands and turns black in moist weather. In 

most of the cases lesions becomes covered with pink spore masses. On 

leaves, lesions are pale brown to reddish, and centers may crack and fall out 

(Sitterly and Keinath, 1996). C. orbiculare also causes anthracnose in 

Althaea officinalis cultivated in Switzerland (Michel, 2005). It also affects 

Nicotiana tabacum (Shen et al., 2001). Morin et al. (1993) reported its 

presence as a pathogen from Xanthium occidentale.  

2.2.5. Curvularia lunata 

Curvularia leaf spot disease, caused by C. lunata, is a major maize disease in 

northern China (Xue et al., 2008; Shi-gang et al., 2017). The fungus is 

responsible for necrotic spots in the leaves of several plant families 

(Dasgupta et al., 2005) including Poaceae (Toledo et al., 1990; Yago et al., 

2011; Silva et al., 2014; Santos et al., 2014, 2018; Kusai et al., 2016). 

Emblica officinalis of Euphorbiaceae, is also affected by C. lunata (Ojha et 

al., 2017). It also causes disease in Eriobotrya japonica in Pakistan (Abbas et 

al., 2016). C. lunata is pathogenic to Dalbergia sissoo (Gupta et al., 2017), 

Cassava (Msikita et al., 2007), Axonopus compressus (Zhang, 2017), Aloe 

vera (Avasthi et al., 2015), Oryza sativa (Kamaluddeen et al., 2013; Majeed 

et al., 2015), Solanum melongena (Chaudary et al., 2016), Sorghum (Akram 

et al., 2014) and Brassica rapa (Wonglom et al., 2018).  
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2.2.6. Alternaria alternata 

Alternaria alternata has been isolated from many diseased plants worldwide. 

The fungus induces disease symptoms mainly on leaves, fruits, stolons. The 

fungus has been found to infect several plants such as, Aloe vera (Silva and 

Singh, 2012),  Gerbera jamesonii (Belle et al., 2019), Cajanus cajan (Sharma 

et al., 2013), Aegle marmelos (Maurya et al., 2016), Corylus heterophylla 

(Cheng et al., 2017), Rhodiola rosea (Liu et al., 2017), Drimia maritime 

(Bagherabadi et al., 2017), Solanum lycopersicum (Ren et al., 2017), 

Hydrangea paniculata (Liu et al., 2017) Ficus carica (Dogan et al., 2018), 

Avena stiva (Raza et al., 2018), Coriandrum sativum (Mangwende et al., 

2018), Medicago sativa (Abbasi et al., 2018), Sonchus oleraceus (Abdessemed 

et al., 2019), Xanthium strumarium (Abdessemed et al., 2019), Sonchus asper 

(Akhtar, 2019), and Rosa hybrida (Fang et al., 2020).  

2.2.7. Alternaria tenuissima 

A number of plants are infected by this fungus viz. potato (Jarchelou et al., 

2013), cabbage (Rahimloo and ghosta, 2015), Avicennia marina (Lin et al., 

2016), Raspberry (Cong et al., 2016), Picrorhiza kurroa (Vashisht and 

Chauhan, 2016), Paeonia lactiflora (Sun and Huang, 2017), Lentil (Prasad et 

al., 2017), Russian olive (Chen et al., 2018), Black Chokeberry (Wee et al., 

2018), Pittosporum tobira (Liu et al., 2018), sugar beet (Khan et al., 2019), 

Dioscorea polystachya (Li et al., 2019), Kiwi fruit (Li et al., 2019), Iris 

tectorum (Sun et al., 2019), Nelumbo nucifera (Zhang et al., 2019), Coreopsis 

lanceolata (Li and Liu., 2019). Thus the fungus has a broad host range.  

2.2.8. Alternaria destruens 

Simmons (1998), for the first time, reported Alternaria destruens from 

Cuscuta gronovii. Ershad (2009) also reported Alternaria destruens as a 

pathogen infecting sunflower, eggplants, barley and mango in Iran. Again it 

was found as a pathogen of prunus (Hashemloo et al., 2015), cabbage 

(Rahimloo and Ghosta, 2015) and Ligustrum sinense (Yang et al., 2019).  
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2.2.9. Curvularia aeria 

Curvularia aeria have been reported from a number of plants such as durum 

wheat of Argentina (Carranza and Sisterna, 1989) groundnut of India 

(Bansal and Mali, 1998), switchgrass of United States (Fajolu et al., 2012), 

Etlingera linguiformis of India (Kithan and Daiho, 2014), Ficus religiosa of 

Pakistan (Nayab and Akhtar, 2016), Zoysia japonica (Nechet and Halfeld-

Vieira, 2005), tomato (Iftikhar et al., 2016), Helianthus annuus of Mexico 

(Valázquez-del Valle et al., 2017) and lettuce of Thailand (Pornsuriya et al., 

2018).  

2.2.10. Curvularia verruciformis 

In 1960, wheat plants were affected by a foot-rot disease and the disease 

was caused by C. verruciformis (Agarwal and Sahni, 1963). The fungus has 

also been reported to cause leaf spot disease in lemongrass in India (Barua 

and Bordoloi, 1983).  

2.2.11. Periconia macrospinosa 

Periconia macrospinosa was previously reported as a beneficial endophyte 

but in some cases it was established as a pathogen such as root and crown 

rot of wheat and barley in Tanzania (Van Dyk, 2004). 

2.2.12. Aschochyta medicaginicola 

Aschochyta medicaginicola (Synonym: Phoma medicaginis) causes disease in 

alfalfa, lentil and chickpea (Chen et al., 2015; Fan et al., 2018).  

2.3. Pathogenicity 

A fungus needs to be assessed by some experimental process to confirm its 

pathogenicity of the fungus to its host. The confirmation of Koch‟s 

postulations also requires pathogenicity test of a fungus and re-isolation of 

the fungus from the artificially infected host tissue. For this, several 

techniques have been proposed by the previous workers. Some of them are 

being discussed here. Confirmation of a fungus as pathogen was described 

by Christensen et al. (1988). They used Petri plate test method to screen 
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pathogenicity of fungi from diseased seedlings, plant roots and seeds. 

Seedlings of Brassica oleracea grown axenically on water agar were 

inoculated with test fungi and infection was observed directly. Takahashi et 

al. (2009) developed a „filterpaper method‟, for the assay of grey leaf spot in 

Italian ryegrass (Lolium multiflorum). Conidial suspension of Pyricularia 

oryzae was dropped on a filter paper. The filter paper with inoculated 

surface facing downward was then placed on the abaxial surface of a 

detached leaf placed on an agar plate. For determining the pathogenicity of 

Pythium isolates, Pettitt et al. in 2011, developed a detached leaf assay 

technique in cut-flower chrysanthemum. A slit was made on the petiole of 

excised young leaf where a plug of mycelium was inoculated. After 

incubation, the assessment of necrotic diseases was done. Necrosis was 

observed which indicated the pathogenicity. Giri et al. (2013), applied five 

inoculation methods namely spraying, infiltration, wounding, spore 

suspension drop and spore suspension drop along with agarose method for 

establishment of disease by artificial inoculation.  

Mbadianya et al. (2013), studied the pathogenicity tests on susceptible 

eggplant variety Solanum aethiopicum L. by whole plant inoculation 

technique, using the fungal isolate Helminthosporium infestans, 

Cladophialophora carrionii, Aspergillus niger, Rhizopus nigricans and 

Neurospora Africana.  

Guney and Guldur (2018), in their study, evaluated the effects of 

different inoculation methods (soil infestation with wheat bran, root dip and 

soil infestation with rice grain) on pathogenecity of Fusarium oxysporum, 

Rhizoctonia solani, Macrophomina phaseolina, and Fusarium solani on 

pepper seedlings. Pepper seedlings were inoculated and grown for three 

months after transplanting under growth chamber conditions.  

Aregbesola et al. (2020), developed a detached leaf assay to assess 

maize resistance to Southern corn leaf blight, caused by the fungus 

Bipolaris maydis. Assessments of diverse B. maydis strains and host 

genotypes indicated that the detached leaf assay could be used to detect 
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both highly virulent Southern corn leaf blight strains and highly resistant 

maize genotypes.  

2.4. Detection techniques of fungal pathogen: molecular 

Molecular marker based identification of fungi is much more accurate than 

morphology based identification (Arbefeville et al., 2017) and can be done 

without specific taxonomic expertise (Capote et al., 2012). In recent years, 

several molecular methods have been applied for the recognition of fungal 

species. Those are polymerase chain reaction (PCR)-based methods, 

DNA/RNA probe-based methods, post-amplification techniques, isothermal 

amplification-based methods and RNA-Seq-based next-generation 

sequencing (Hariharan and Prasannath, 2021). 

Nowadays, a number of PCR-based techniques have been used to 

determine the taxonomic status of fungal isolates. Molecular methods are 

effective to differentiate fungal species, even though their morphology is 

highly similar (Aoki and O‟ Donnell, 1999; Demeke et al., 2005). In PCR, 

through alternate cycles of denaturation, annealing, elongation the target 

DNA is allowed to synthesize million copies by using specific primers (Fang 

and Ramasamy, 2015). By using PCR, the detection of fungal DNA is 

possible even before physiological symptoms are visible on plant tissue 

(Zhao et al., 2007; Wang et al., 2009). Therefore, some plant pathogens, viz. 

Blumeria graminis f. sp. tritici and Zymoseptoria tritici could be detected and 

identified even in a latent period without symptoms (Shetty et al., 2007; 

Keon et al., 2007; Zeng et al., 2010; Fones and Gurr, 2015). 

The entire internal transcribed spacer region comprising of ITS1, 5.8S 

and ITS2 respectively and the large subunit (nrLSU-26S or 28S), lead the 

way in a new era of molecular phylogenetic sequence identification in the 

kingdom fungi (Bruns et al., 1991; Seifert et al., 1995). In the course of 

evolution, different levels of genetic variation have been observed for these 

three separate regions. The small subunit region of rRNA is evolving slowly 

and thus possessing the lowest amount of variation among taxa. On the 

other hand, the ITS evolves fast and exhibits the highest variation (Bruns et 

al., 1991; Mitchell and Zuccaro, 2006). In case of the phylogenetic 
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placement of a fungus at higher taxonomic levels (family, order, class, and 

phyla), the amplification of sequencing would be better for that kind of study 

(White et al., 1990). In case of the identification of the intermediate 

taxonomic levels of fungi (viz. family, genera), then amplification and 

sequencing of the large subunit proved to be very helpful (Vilgalys et al., 

1990; Rehner et al., 1995). The large subunit region contains the D1 and D2 

hypervariable domains (Liu et al., 2012) and when combined with the ITS 

region, it become valuable for species identification in fungi (Porras-Alfaro et 

al., 2014; Schoch et al., 2012; Schoch and Seifert, 2011). For species level 

identification, the ITS region is the most useful, as it is the fastest evolving 

portion of the rRNA cistron. Due to its widespread use, ease in amplification, 

and appropriately large barcode gap (i.e., the difference between interspecific 

and intraspecific variation), the ITS region was chosen as the official barcode 

for fungi (Schoch et al., 2012).  

Till date a number of fungal identification and barcoding have been 

done by sequencing of these ITS and large subunit region. For instance, 

Romanelli et al. (2010) by amplifying both the ITS and D1/D2 region, did a 

sequence-based identification of filamentous Basidiomycetous fungi from 

clinical specimens. Kelly et al. (2011) by using PCR and ITS specific primers 

tested the utility of the ITS region of nuclear ribosomal DNA for DNA 

barcoding in lichen-forming fungi. Tejesvi et al. (2011) by using fungal ITS 

region specific primers ITS1F and ITS4R, studied the genetic diversity of 

endophytic fungi in Rhododendron tomentosum. Kru¨ger et al. (2012) by 

using the ITS region or LSU rDNA, or a combination of both, studied the 

phylotaxonomy of arbuscular mycorrhizal fungi from phylum to species 

level. Schmidt et al. (2012) identified the wood decay fungi in the urban 

trees by amplification of the ITS-rDNA.  

Taverna et al. (2013), in their work, evaluated the ribosomal RNA gene 

sequencing (both the ITS region and D1/D2 region) for the identification of 

clinically isolated Candida species and compared it with a standard 

phenotypic method and studied the phylogenetic relationship. Horisawa et 

al. (2013), identified several wood rotting fungi by sequencing the ITS1, ITS 

2, and the partial fragments of 28S rDNA region. Wang et al. (2014) 
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identified clinically important fungi and Prototheca species by rRNA gene 

sequencing. In their study, three regions of the rRNA genes were used as 

targets for sequencing, viz. the end of the LSU rRNA gene (D1/D2 region), 

and the ITS1 and ITS2 regions. Irinyi et al. (2015) analyzed the DNA 

barcoding of fungi causing infections in humans and animals by amplifying 

the ITS region. Hibbett et al. (2016) studied the sequence-based 

classification and identification of fungi by the sequencing of ITS regions. 

Jamali et al. (2016) identified eight yeast species from uncultivated soils 

collected from different areas of Iran, by analyzing the hypervariable D1/D2 

domain of LSU region of rDNA gene sequence.  

The effectiveness of ITS region and other sub-regions as DNA barcode 

markers for the identification of fungi (Basidiomycota) was studied by 

Badotti et al. (2017). Raja et al. (2017) used ITS region dependent DNA 

barcoding technique for identification and certification of different kind of 

mushrooms. Gade et al. (2017) in their study, demonstrated that the 

sequencing of 28S LSU region (D1-D2 region) of ribosomal RNA gene can be 

successfully used for identification genera and some species of fungi. 

Surženk et al. (2017) in their study used a combined molecular approach 

consisting of PCR-fingerprinting with an M13 primer to identify 

contaminative fungi isolated from rye breads. The identification of each 

genotype was done by amplification and sequencing of the ITS region and 

the D1/D2 region of the LSU of the 28S rDNA. Alsohaili and Bani-Hasan 

(2018) identified eight filamentous fungi from different environmental 

sources of Jordon by amplifying the ITS region. Abrego et al. (2018) studied 

the atmospheric fungal diversity by the ITS region amplification. Al-Jaradi et 

al. (2018) identified different kinds of pathogenic fungi and oomycetes 

associated with beans and cowpea root diseases in Oman by using PCR 

based identification technique. Badaluddin et al. (2018) in their study 

identified a number of isolated fungi from Kelantan and Terengganu by 

using ITS region specific primer pairs. Kalmer et al. (2018) identified the 

taxonomic positions of some Melanoleuca species as monophyletic by ITS 

based molecular study. Spoilage organisms of fruits and/or vegetables have 



21 
 

been identified by sequencing the ITS region by several workers (Koffi et al., 

2019; Frimpong et al., 2019) 

Yousefshahi et al. (2020) identified ectomycorrhizal fungi associated 

with Persian oak tree by amplifying the ITS region. Pornsuriya et al. (2020) 

identified as Neopestalotiopsis cubana and N. formicarum by amplification of 

ITS region.  Ates et al. (2021) identified a number of mushroom disease 

causing fungi by molecular identification techniques.  

In spite of the fact that the rRNA region (mainly ITS region) performs 

well as a suitable fungal barcoding marker, but still it has been subject to 

debate (Kiss, 2012). Hence, another protein coding gene, such as ACT gene 

(Actin gene) sequencing was taken into consideration by some workers 

(Donnelly et al., 1999; Stielow et al., 2015; Pennington et al., 2016; Zhang et 

al., 2017; Liu et al., 2018). 

2.5. Plant defense mechanisms 

To combat the effects of pathogen attacks, plants have evolved the ability to 

recognize the pathogen and also to trigger an effective response immediately 

(Bolton, 2009). Detection of pathogen invaders by the plant is one of the 

most important steps of the complex host-pathogen interaction, in which 

resistance (R) genes play a crucial role. These host resistance mechanisms 

involve the recognition of a pathogen gene product called avirulence (avr) 

factor by a correspondent R gene. When both avr and R genes are 

compatible the plant will be resistant and the pathogen growth and 

establishment will be impaired by Hypersensitive Response (HR). HR then 

triggers diverse responses, including local cell death to reduce the spreading 

of the pathogen (Bonas and Anckerveken, 1999). Besides this local reaction, 

the hypersensitive responses activate a signal cascade, including hormones 

and pathogen related (PR) genes, which are able to establish resistance 

against a spectrum of different pathogen classes (Benko-Iseppon et al., 

2010).  

Besides a local reaction, plants may also display the Induced Systemic 

Resistance (ISR) and Systemic Acquired Resistance (SAR). In case of ISR, 
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when an antagonist is present at the site of pathogen exposure, several 

antimicrobial substances could be synthesized by antagonist and are 

transported through the plant leading to inhibition of the pathogen. As a 

result of the induced resistance, local protection can be formed in plants. 

Plant Growth Promoting Rhizobacteria (PGPR) usually induces ISR. It is 

believed that they produce a translocatable signal which induces protection 

in tissues away from the roots where the pathogen is attacked. A systemic 

response of the plant to an elicitor molecule shows that induced resistance 

is taking place (van Loon et al., 1998). Studies show that ISR is independent 

of salicylic acid, but it is mediated by jasmonic acid and ethylene, which are 

produced following applications of some nonpathogenic rhizobacteria (He et 

al., 2004). 

Systemic acquired resistance (SAR) is a mechanism of induced 

defense responses (Gajanayaka et al., 2014). In case of SAR, a mobile signal 

is generated in the site of induction and translocated in the plant, distant 

from the site of exposure to the elicitor and create an induced state in 

tissues (van Loon et al., 1998). SAR provides long-lasting protection in 

plants against a broad spectrum of microorganisms. Studies show that, SAR 

requires the signal molecule salicylic acid and it is associated with the 

accumulation of PR proteins and contributes a long-lasting resistance (He et 

al., 2004). The development of SAR is related to numerous cellular defense 

responses, like fast changes within the cell walls, synthesis of phytoalexins 

and PR proteins and increased activity of varied defense-related enzymes 

(Durrant and Dong, 2004). After inoculation with necrotizing pathogens or 

application of some chemicals such as salicylic acid, SAR is induced 

systemically (Pieterse et al., 1998; Prasannath et al., 2014). Certain plant 

growth-promoting microorganisms can also stimulate defense activity and 

enhance plant resistance against soil-borne pathogens (Whipps et al., 2001). 

The combined effects of ISR and SAR can increase the defense mechanism of 

plants against pathogens (Choudhary, 2007). 

Resistance genes are generally classified into five categories based on 

their conserved domains (CD) (Bent, 1996; Hammond-Kosack and Jones, 
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1997; Ellis and Jones, 2000). The first class is represented by the Pto gene 

of tomato, which encodes a protein with a catalytic serine/threonine kinase 

(ser-thre-kinase) and a myristoylation motif in the amino terminal region 

(Martin et al., 1993). The second class comprises many proteins that present 

a region rich in repetitions of leucine known as Leucine-rich repeats (LRR), a 

Nucleotide Binding Site (NBS) and a leucine zipper (LZ) or a coiled-coil (CC) 

sequences. The third class includes similar proteins as described for class II, 

this region shows homology to a protein domain found in the Drosophila Toll 

and human Interleukin-1 Receptor (IL - 1R), and it is called the TIR domain 

(Whitham et al., 1994) instead of a coiled-coiled (CC) sequence at the amino 

terminal region (Meyers et al., 1998) and these proteins are known as TIR-

NBS-LRR or TNL proteins (TNL class). The proteins encoded by these three 

classes of genes do not have a transmembrane sequence and are therefore 

classified as intracellular R- proteins (Martin et al., 2003). The fourth 

category of resistance genes belongs to the tomato Cf-family and coding 

similar proteins with an extracellular LRR and a short cytoplasmic tail. 

However, no NBS or any such kinds of recognizable domains are present 

(Dixon et al., 1996). The fifth category includes one gene, the Xa21 from rice 

that presents an extracellular LRR, a transmembrane region (TM) and a 

cytoplasmic ser-thre-kinase. According to Song et al. (1997) the structure of 

Xa21 indicates an evolutionary link between different classes of plant R- 

genes. There is still a sixth class that presents genes with no such conserved 

domains, as described for the previous five classes. This group comprises 

the genes which do not fit the above five classes like Hm1 gene from maize 

(Johal and Briggs, 1992).  

Several disease resistance genes (R-genes) have been cloned till date. 

A list of cloned genes has been presented in the table 2.1.  

2.5.1.1. Nucleotide binding site leucine rich repeats (NBS-LRR) in 

cucurbits (R-gene) 

Several NBS-LRR disease resistance genes have been isolated from 

cucurbitaceae. A total of 15 homologues of NBS-LRR gene family have been 
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isolated from Cucumis melo (Brotman et. al., 2002).  Harris et al. (2009) 

cloned 66 disease resistance gene analogs (RGAs) from watermelon (Citrullus 

lanatus var. lanatus). Wan and Chen (2010) in their study identified and 

cloned twenty eight NBS-type resistance genes from an extreme resistance 

to downy mildew introgression line from Cucumis hystrix ×Cucumis sativus. 

Lin et al. (2013) reported that sequenced genomes of watermelon, melon and 

cucumber had relatively a few R-genes. They mainly emphasized on the 

frequent loss of lineages and deficient duplications that accounted for low 

copy number of disease resistance genes in cucurbitaceae family. Yang et al. 

(2013) studied NBS-LRR type resistance gene homologs (RGHs) from 

cucumber and characterized 70 NB-containing RGHs from the Gy14 draft 

genome. In 2013, Wan et al. performed a genome-wide analysis of NBS-

encoding disease resistance genes in Cucumis sativus and also 

phylogenetically studied NBS-encoding genes belonged to six species in five 

genera of cucurbitaceae. In 2014, González et al. identified 23 NBS-LRR 

genes in the melon genome. Andolfo et al. (2017) characterized disease 

resistance (R) gene family in Cucurbita pepo. Gharaei and Zamharir (2017) in 

their study identified a number of new NBS-LRR gene members in native 

types of cucurbit species in Iran. The cluster of NBS-LRR genes located in 

different chromosomes present in melon, cucumber and watermelon were 

also analyzed by Morata and Puigdomènech (2017). Wu et al. (2017), 

identified and characterized 84 R-genes (NBS-LRR) in the bottle gourd 

genome. Hassan et al. (2019) studied six R genes of NBS-LRR gene family in 

watermelon. Belen et al. (2020) reported two subfamilies (viz.  the non-TIR-

NBS-LRR and TIR-NBS-LRR) of the NBS-encoding gene family.  

 

  



25 
 

Table. 2.1. Cloned disease resistance genes (R genes) in 

plants: 

 

Species 
R-

Gene 
Domain Disease 

Avr 

Gene 
Pathogen Reference 

Triticum 

aestivum 

(wheat) 

Lr10 CNL Leaf rust 
AvrLr

10 

Puccinia 

triticina 

Feuillet et.al., 

2003 

Lr1 CNL Leaf rust Avr1 
Puccinia 

triticina 

Cloutier et.al., 

2007 

Pm3b CNL 
Powdery 

mildew 

AvrP

m3b 

Blumeria 

graminis 

Yahiaoui 

et.al., 2004 

Sr33 CNL Stem rust - 
Puccinia 

graminis 

Periyannan 

et.al., 2013 

Sr35 CNL Stem rust - 
Puccinia 

graminis 

Saintenac 

et.al., 2013 

Lr21 NL Leaf rust 
AvrLr

21 

Puccinia 

triticina 

Huang et.al., 

2003 

Cre3 NL Cereal cyst - 
Heterodera 

avenae 

Lagudah 

et.al., 1997 

Cre1 NL Cereal cyst - 
Heterodera 

avenae 

De Majnik 

et.al., 2003 

Yr10 CNL Stripe rust - 
Puccinia 

striiformis 

Liu et.al., 

2014 

Lr34 

ABC 

transport

er 

Leaf rust, 

Powdery 

mildew, 

Stripe rust 

- 

Puccinia 

triticina; 

Puccinia 

striiformis; 

Blumeria 

graminis 

Krattinger 

et.al., 2009 

Yr36 
Kinase-

START 
Stripe rust - 

Puccinia 

striiformis 
Fu et.al., 2009 

Hordeum 

vulgare 

(barley) 

Mla6 CNL 
Powdery 

mildew 

AvrMl

a6 

Blumeria 

graminis 

Halterman 

et.al., 2001 

Mla1 CNL 
Powdery 

mildew 

AvrMl

a1 

Blumeria 

graminis 

Zhou et.al., 

2001 

Mla13 CNL 
Powdery 

mildew 

AvrMl

a13 

Blumeria 

graminis 

Halterman 

et.al., 2003 

Rpg1 LRR-PK Stem rust 
Avr-

Rpg1 

Puccinia 

graminis 

Brueggeman 

et.al., 2002 

Mlo TM 
Powdery 

mildew 
- 

Erysiphe 

graminis 

Buschges 

et.al., 1997 
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Table. 2.1. Cloned disease resistance genes (R genes) in 

plants: 

Species 
R-

Gene 
Domain Disease 

Avr 

Gene 
Pathogen Reference 

Solanu

m 

lycopers

icum 

(tomato) 

Prf CNL 
Bacteria

l speck 

AvrPt

o 

Pseudomonas 

syringae 

Salmeron 

et.al.,1996 

Mi CNL 
Root 

knot 
- 

Meloidogyne 

javanica 

Milligan et.al., 

1998 

I2 NL 
Fusariu

m wilt 
Avr1 

Fusarium 

oxysporum 
Ori et.al.,1997 

Ph-3 CNL 
Late 

blight 
- 

Phytophthora 

infestans 

Zhang et.al., 

2014 

Sw-5 CNL 

Tomato 

spotted 

wilt 

- 
Tomato spotted 

wilt virus 

Brommonschenk

el et.al., 1997 

Tm-2 CNL 
Tobacco 

mosaic 
- 

Tobacco mosaic 

virus 

Lanfermeijer 

et.al., 2003 

Solanu

m 

tuberos

um 

(potato) 

Cf-5 LRR-TM 
Leaf 

mold 
Avr5 

Cladosporium 

fulvum 
Dixon et.al., 1998 

Cf-9 LRR-TM 
Leaf 

mold 
Avr9 

Cladosporium 

fulvum 
Jones et.al., 1994 

Ve1,2 LRR-TM 
Verticilli

um wilt 
- 

Verticillium 

dahliae 

Kawchuk et.al., 

2001 

Pto STK 
Bacteria

l speck 

AvrPt

o 

Pseudomonas 

syringae 

Martin et.al., 

1993 

Pti1 STK 
Bacteria

l speck 
- 

Pseudomonas 

syringae 
Zhou et.al., 1995 

Rx CNL PVX - Potato virus X 
Bendahmane 

et.al., 1999 

RB CNL 
Late 

blight 

Avr1, 

Ipio, 

Ipib 

Phytophthora 

infestans 
Song et.al., 2003 

Rx2 LZ-NL PVX - Potato virus X 
Bendahmane 

et.al., 2000 

R1 LZ-NL 
Late 

blight 
Avr1 

Phytophthora 

infestans 

Ballvora et.al., 

2002 

Lactuca 

sativa 

(lettuce) 

Rgc2 

(Dm3) 
NL 

Downy 

mildew 
Avr3 

Bremia 

lactucae 

Meyers  et.al., 

1998 

Piper 

nigrum 

(black 

pepper) 

Bs2 CNL 
Bacteria

l spot 

AvrB

s2 

Xanthomonas 

campestris 
Tai et.al., 1999 



27 
 

Table. 2.1. Cloned disease resistance genes (R genes) in 

plants: 

 

Species 
R-

Gene 
Domain Disease 

Avr 

Gene 
Pathogen Reference 

Oryza 

sativa 

(rice) 

Xa1 NL 
Bacteria

l blight 

AvrX

oo 

Xanthomonas 

oryzae 

Yoshimura 

et.al., 1998 

Pi-ta NL Blast 
Avr-

Pita 

Magnaporthe 

grisea 

Bryan et.al., 

2000 

Pi36 CNL Blast 
Avr-

Pi36 

Magnaporthe 

grisea 

Liu et.al., 

2007 

Pia CNL Blast 
AvrPi

a 

Magnaporthe 

grisea 

Okuyama  

et.al., 2011 

Pi37 NL Blast - 
Magnaporthe 

grisea 

Lin et.al., 

2007 

Xa5 NL 
Bacteria

l blight 

AvrX

a5 

Xanthomonas 

oryzae 

Iyer et.al., 

2004 

Xa13 SET 
Bacteria

l blight 

AvrX

a13 

Xanthomonas 

oryzae 

Chu et.al., 

2006 

Pi54 CNL Blast 
AvrPi

54 

Magnaporthe 

grisea 

Das et.al., 

2012 

Pi9 CNL Blast 
AvrPi

9 

Magnaporthe 

grisea 

Liu et.al., 

2002 

Piz-

t/Pi2 
CNL Blast 

AvrPi

z-t 

Magnaporthe 

grisea 

Zhou et.al., 

2006 

Rpr1 CNL Blast - 
Magnaporthe 

grisea 

Sakamoto 

et.al., 1999 

Pid3 CNL Blast - 
Magnaporthe 

grisea 

Shang et.al., 

2009 

Xa3/

Xa26 

LRR-

STK 

Bacteria

l blight 
- 

Xanthomonas 

oryzae 

Sun et.al., 

2006 

Xa10 
LRR-

STK 

Bacteria

l blight 

AvrX

a10 

Xanthomonas 

oryzae 

Tian et.al., 

2014 

Xa25 TM 
Bacteria

l blight 
- 

Xanthomonas 

oryzae 

Liu et.al., 

2011 

Xa27 LRR-TM 
Bacteria

l blight 

AvrX

a27 

Xanthomonas 

oryzae 

Bimolata 

et.al., 2013 

Pi-d2 
B-lectin, 

STK 
Blast - 

Magnaporthe 

grisea 

Chen et.al., 

2006 
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Table. 2.1. Cloned disease resistance genes (R genes) in 

plants: 

Species R-Gene Domain Disease 
Avr 

Gene 
Pathogen Reference 

Zea mays 

(maize) 

Rp1-D NL Rust - Puccinia sorghi 
Collins 

et.al., 1999 

Hm1 NL 
Corn leaf 

blight 
- 

Cochliobolus 

carbonum 

Johal et.al., 

1992 

Arabidopsis 

thaliana 

(Arabidopsi

s) 

RPM1 CNL 
Downy 

mildew 

AvrB, 

AvrRp

m1 

Pseudomonas 

syringae 

Grant 

et.al., 1995 

RPS2 NL 
Downy 

mildew 

AvrRp

t2 

Pseudomonas 

syringae 

Bent et.al., 

1994 

RPP8/

HRT 
CNL 

Downy 

mildew 

AvrRP

P8 

Peronospora 

parasitica 

McDowell 

et.al., 1998 

RPP13 CNL 
Downy 

mildew 

ATR1

3 

Peronospora 

parasitica 

Bittner-

Eddy et.al., 

2000 

RCY1 CNL 
Mosaic 

type 
- 

Cucumber 

mosaic virus 

Takahashi 

et.al., 2002 

RPP1 TNL 
Downy 

mildew 
ATR1 

Peronospora 

parasitica 

Botella 

et.al., 1998 

RPP4 TNL 
Downy 

mildew 
- 

Peronospora 

parasitica 

Van der 

Biezen 

et.al., 2002 

RPS4 TNL 
Powdery 

mildew 

AvrRp

s4 

Pseudomonas 

syringae 

Gassmann 

et.al., 1999 

RPP5 TNL 
Downy 

mildew 

AvrRp

5 

Peronospora 

parasitica 

Noel et.al., 

1999 

RPS5 NL 
Downy 

mildew 

AvrRp

hB 

Pseudomonas 

syringae 

Warren 

et.al., 1998 

RRS1 
WRKY-

TNL 

Bacterial 

wilt 

AvrRR

S1 

Ralstonia 

solanacearum 

Deslandes 

et.al., 2002 

RPP27 LRR-TM 
Downy 

mildew 
- 

Peronospora 

parasitica 

Tor et.al., 

2004 

RFO1 LRR-STK 
Fusariu

m wilt 
- 

Fusarium. 

oxysporum 

Diener 

et.al., 2005 

PBS1 STK  
AvrPp

hB 

Pseudomonas 

syringae 

Swiderski 

et.al., 2001 
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Table. 2.1. Cloned disease resistance genes (R genes) in 

plants: 

Species 
R-

Gene 
Domain Disease 

Avr 

Gene 
Pathogen Reference 

Arabidops

is thaliana 

(Arabidop

sis) 

FLS2 
LRR-

STK 

Powdery 

mildew 

AvrPt, 

AvrPto

B 

Pseudomonas 

syringae 

Tabata 

et.al., 

2000 

NDR1 TM  

AvrB, 

AvrRp

t2 

Pseudomonas 

syringae; 

Peronospora 

parasitica 

Century 

et.al., 

1997 

RPW

8 
TM-CC 

Powdery 

mildew 
- 

Erysiphe 

cruciferarum 

Xiao et.al., 

2001 

Linum 

usitatissi

mum (flax) 

L6 TNL Rust AvrL6 
Melampsora 

lini 

Lawrence 

et.al., 

1995 

L, L1-

L11 
TNL Rust 

AvrBs

3 

Melampsora 

lini 

Ellis et.al., 

1999 

M TNL Rust AvrM 
Melampsora 

lini 

Anderson 

et.al., 

1997 

Beta 

vulgaris 

(sugar 

beet) 

Hs1p

ro-1 
LRR-TM 

Beet 

cyst 
- 

Heterodera 

schachtii 

Cai et.al., 

1997 

Nicotiana 

tabacum 

(tobacco) 

N TNL 
Tobacco 

mosaic 
- 

Tobacco 

mosaic virus 

Whitham 

et.al., 

1994 

 

2.5.1.2. Pathogenesis Related proteins  

The Pathogenesis Related proteins (PR-proteins) are a group of diverse 

proteins that are induced by pathogens as well as some defense-related 

signaling molecules. Whenever, a plant faces pathogen challenge, activation 

of defense signaling pathways viz. Salicylic acid (SA) and Jasmonic acid (JA) 

take place, which further leads to the accumulation of PR proteins. 

Accumulation of PR-proteins minimizes the pathogen load or disease 

occurrence in uninfected plant organs.  
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There are two different forms of pathogens, namely, biotrophic and 

necrotrophic. Biotropic pathogens activate the SA pathway. The SA pathway 

then stimulates the transcription of NPR1 (non-expressor of pathogen-

related gene 1) and leads to the activation as well as accumulation of SA 

related gene (PR1, PR2 and PR5) products. This entire process finally leads 

to the systemic acquired resistance (SAR). On the other hand, necrotrophic 

pathogen stimulates JA pathway. Local acquired resistance (LAR) relies on 

JA pathway. The JA pathway directs the activation of JA related genes (PR3, 

PR4 and PR12) which finally encode products that minimize pathogen load 

(Ali et al., 2017b). The SAR provides resistance to a wide range of pathogens 

(Sticher et al., 1997; Van Loon et al., 2006; Fu and Dong, 2013). PR proteins 

are the widely distributed proteins in the plant domain and are present in 

all plant organs particularly within the leaves (Van Loon et al., 1994). PR 

proteins are low-molecular weight proteins (5–45 kDa), resistant to 

proteases, thermostable and stay soluble at low pH (Van Loon et al., 1994). 

There are two subgroups of PR-proteins present in plants. The acidic 

PR protein secreted to the extracellular space and basic PR proteins 

containing the signal sequence are located in the C-Terminal end. The signal 

sequence present in the C-Terminal end of the protein helps in the 

transportation of the protein to the vacuole (Takeda et al., 1991). PR-

proteins are mainly accumulated in the apoplastic region however they are 

also found as vacuolar (Van Loon et al., 1994). According to the results of 

transcriptomic studies, both biotic and abiotic stresses produce a significant 

amount of PR genes which lead to the development of multiple stress 

tolerant crop varieties (Ali et al., 2017a,b, 2018; Dai et al., 2016; Jiang et al., 

2015; Gupta et al., 2013; Archambault and Strömvik, 2011; Fountain et al., 

2010; Seo et al., 2008). 

PR proteins are basically induced after pathogen attack. They are 

systematically classified into 17 families from PR-1 to PR-17 based on their 

biochemical and molecular/biological properties (van-Loon et al., 2006). On 

the basis of the similarities among sequences and the serological or 

immunological properties the classification was done (van-Loon et al., 1999). 



31 
 

Most of the PR proteins are known to have antifungal properties. The 

molecular mechanisms of PR2 (β-1, 3-glucanases) and PR3 (chitinases) are 

well known (Kitajima and Sato, 1999). PR1 is the PR protein that 

accumulates copiously after pathogen infection and its genes have been 

cloned in many plants, such as tobacco (Gaffney et al., 1993), Arabidopsis 

thaliana (Metzler et al., 1991) and tomato (Tornero et al., 1997). PR1 gene 

class is considered to be a typical SAR marker (Bonasera et al., 2006). PR-5 

is a thaumatin like protein which has high antifungal activity. It is also 

expressed in overwintering monocots where it performs antifreeze activities 

(Hon et al., 1995, Atici and Nalbantolu, 2003, Griffith and Yaish, 2004).  The 

rest of the well-studied protein families are PR-8 (i.e Glycosyl hydrolase), PR-

9 (i.e. the secretory peroxidase), PR-14 (i.e lipid transfer proteins), PR-15 (i.e 

oxalate oxidase) and PR-17 (i.e basic secretory proteins) (Nanda et al., 2010). 

They are also involved in plant defense responses but their molecular 

mechanisms of action for defense are not yet known (Bolton, 2009). Under 

normal growth conditions, most PR genes are expressed at a minimal level, 

but after pathogen infection, it increase rapidly in plant cells. Environmental 

factors, such as osmotic, light and cold stress also regulate PR gene 

expression (Zeier et al., 2004). 

2.5.1.3. Defense-related enzymes 

Proteins such as phenylalanine ammonia lyase (PAL), peroxidase, β-1,3- 

glucanase, chitinase and polyphenol oxidase (PPO) are responsible to induce 

resistance in plants (Prasannath and De Costa, 2015; Gajanayaka et al., 

2014; Seneviratne et al., 2014). Peroxidases have been reported to involve in 

a range of defense-related processes, including the hypersensitive response, 

cross–linking of phenolics and glycoproteins, lignification, suberization and 

phytoalexin production (Nicholson and Hammerschmidt, 1992; Wojtaszek, 

1997). Polyphenol oxidase is known to decrease the nutritional quality of 

food and protein digestibility by catalyzing the phenolic compounds to 

quinones (Felton and Duffey, 1990; Felton et al., 1994). The increased 

production of phenolic compounds in infected plants correlates with the 

increase in phenylalanine ammonia lyase activity in wounded plant tissues 
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(Bi and Felton, 1995). Chitinase and β-1,3-glucanase are known to provide 

protection to plants as they are responsible for the hydrolysis of cell wall 

components such as chitin and β-1,3-glucans of fungus (Ebrahim et al., 

2011).  

2.5.1.3.1. Peroxidase 

Peroxidases belong to PR-9 sub family and are basically involved in 

strengthening of cell wall.  The mode of action is quite simple. They 

suppress cellular spreading of infection through establishment of structural 

barriers or by generating reactive oxygen species, thus producing a toxic 

environment (Passardi et al., 2005). They also produce oxidative burst which 

is a significant early response of host plant cells against pathogen infection 

(Almagro et al., 2009). During the process of pathogenesis, the concentration 

of ethylene becomes high and peroxidase participates in this process 

(Tudzynski, 1997). Peroxidases are known to involve a number of 

physiological functions that may directly help in resistance (Thakker et al., 

2013). Increase in the peroxidase level by pathogen attack leads to the 

activation of induced systemic resistance (Prasannath et al., 2014). Quick 

synthesis of reactive oxygen derivatives is required to fight off invading 

pathogens (Halfeld-Vieira et al., 2006). Peroxidase leads to the bioconversion 

of phenolic compounds to quinones and generates hydrogen peroxide which 

inhibits the growth and development of the infectious agent (Agrios, 2005). 

Kumar et al. (2008) characterized the peroxidase gene from the leaves of 

Ricinus communis. Chen et al. (2009) characterized the Peroxidase Gene 

from Soybean seed coat. Simonetti et al. (2009) analyzed the class III 

peroxidase genes from the roots of susceptible and resistant wheat lines 

infected by Heterodera avenae. Fan et al. (2014) isolated and characterized 

the Class III peroxidase cDNA from Cucumber under the salt stress 

condition. Basha and Rao (2017) characterized the peroxidase gene from 

sprouted green gram roots. Wu et al. (2019) studied the identification, 

duplication, phylogeny and expression of the class III peroxidase gene family 

in Cassava. Li et al. (2020) in their study characterized the class III 
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peroxidase gene family and studied their expression profiles under drought 

stress in Camellia sinensis.  

2.5.1.3.2. β-1,3-glucanase 

The PR-2 proteins are known as β-1,3-glucanases.  These are glucan endo-

1,3-β-glucosidases (β-glucanases) and catalyzes the endo-type hydrolytic 

cleavage of the 1,3-β-D glucosidic linkages in β-1,3-glucan. The β-1,3- 

glucans is the major components of the cell walls of oomycetes type of fungi 

which do not contain chitin (Wessels et al., 1981). It is proved to be effective 

against various fungi (Prasannath, 2017). It helps to induce defense 

responses against pathogen attack in plants (Smart, 1991). The enzyme 

work at least in two different ways: one by degrading the cell walls of the 

pathogen directly or by triggering the release of cell wall derived materials 

that can act as elicitors which help to induce defense response in plants 

(Bowles et al., 1990). Till now a number work have been done to study the β 

-1,3-Glucanase gene in different plants viz. strawberry (Mercado et al., 

2010), wheat (Liu et al., 2010; Gao et al., 2016), Pisum sativum (Amian et al., 

2011), grapevines (Nookaraju and Agrawal, 2012), Pyrus pyrifolia (Liu  et al., 

2013), Eruca sativa (Gupta et al., 2013), Arachis hypogaea (Qiao et al., 

2014), Brassica napus (Kheiri et al., 2014), Podophyllum hexandrum (Dogra 

and Sreenivasulu; 2014), Gossypium (Xu et al., 2016), Sugarcane (Nayyar et 

al., 2017), Panax notoginseng (Taif et al., 2019), Hevea brasiliensis (2020), 

alfalfa (Hanin et al., 2020).  

2.5.1.3.3. Chitinase 

Chitinases are a diversified group of enzymes that help in plant defense by 

degrading chitin, a major wall component of several fungi. They are 

collectively known as plant pathogenesis-related (PR) protein. It improves 

plant defense against pathogen having chitin as a major wall component 

(Jalil et al., 2015). Chitinase is considered as direct defense enzyme in 

plants (Abeles et al., 1970). In addition, Mauch et al. (1988) reported that 

chitinase and β-1,3- glucanase act synergistically to inhibit fungal growth. 

The mode of action of chitinase is quite simple as compared to other 
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enzymes. In situ degradation of the cell wall chitin polymers weakens the cell 

wall, making fungal cells osmotically sensitive (Jach et al., 1995). These 

chitinases play a significant antifungal role against Rhizoctonia solani for 

rice sheath blight, Alternaria spp. responsible for rice grain discoloration, 

Bipolaris oryzae for rice brown spot, Botrytis cinerea for tobacco blight and 

Curvularia lunata for clover leaf spot. The enzyme also play antifungal role to 

several pathogens such as Fusarium oxysporum, F. udum, Mycosphaerella 

arachidicola and Pestalotia theae (Chu and Ng, 2005; Saikia et al., 2005; 

Kirubakaran and Sakthivel, 2006). A number of research works have been 

done till now, to study the chitinase gene in different plants viz. grapevines 

(Nookaraju and Agrawal, 2012),  Casuarina equisetifolia (Veluthakkal and 

Dasgupta,  2012), transgenic litchi (Das and Rahman, 2012), Sugarcane  

(Su et al., 2015; Rahul et al., 2013), cotton (Xu et al., 2016), transgenic 

potato (Khan et al., 2016), Drosera rotundifolia (Ďurechová et al., 2013), rice 

(Iqbal et al., 2012; Zaynab et al., 2017), Eucalyptus grandis (Tobias et al., 

2017), Brassica juncea (Rawat et al., 2017), Tobacco (Dong et al., 2017), 

Lilium plants (Caceres-Gonzalez et al., 2015), pepper plant (Liu et al., 2017), 

Brassica rapa (Chen et al., 2018), Tomato (Cao and Tan, 2019), Cucumber 

(Bartholomew e al., 2019), Brassica juncea and Camelina sativa (Mir  et al., 

2019), tuber mustard (Ojaghian et al., 2020). 

2.5.1.3.4. Phenylalanine ammonia lyase (PAL) 

PAL is one of the most extensively studied enzymes in plants due to the 

synthesis of various phenolic compounds as well as anthocyanin which are 

responsible for the resistance of plants against pathogens (Dixon et al., 

1995). By the rate of conversion of phenylalanine to the trans-cinnamic acid 

the PAL activity was measured by several workers. The cinnamic acid forms 

all phenylpropanoid compounds. These phenylpropanoids are responsible to 

induce disease resistance, crop development and mechanical support 

(Barber and Mitchell, 1997; Chen et al., 2007; Harakava, 2005) as well as 

insect pest damages (War et al., 2012). Cinnamic acid, the pathway product, 

can regulate PAL activity by modifying the expression of the PAL gene 

through feedback inhibition (Christensen et al., 2001; Del Rio et al., 2004). 
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Now a days, the characterization of PAL gene from different plants became a 

trend for many molecular biologists. Till date a number of plants have been 

studied for this purpose viz. Cistanche deserticola (Hu et al., 2011), Jatropha 

curcas (Gao et al., 2012), Citrullus lanatus (Dong and Shang, 2013), banana 

(Alvarez et al., 2013), sugarcane (Hashemitabar et al., 2014), pea plant 

(Okorska et al., 2014), Carthamus tinctorius (Dehghan et al., 2014), Ginkgo 

biloba (Zhang et al., 2014),  poplar plant (Jong et al., 2015), Solenostemon 

scutellarioides (Zhu et al., 2015), Salvia (Valifard et al., 2015), melon and 

cucumber (Dong et al., 2016), Anacardium occidentale (Sija et al., 2016), 

Juglans Regia (Yan et al., 2019), Rose plant (Li  et al., 2019) and Corchorus 

olitorius (Hossain et al., 2020). 

2.5.1.3.5. Polyphenol oxidase (PPO) 

Polyphenol oxidase (PPO) is a group of copper-containing enzymes that 

catalyze the oxidation of hydroxy phenols to their quinine derivatives, which 

have antimicrobial activity (Chunhua et al., 2001).  PPO plays a major role 

in inducing defense against plant pathogens because of its reaction products 

and wound inducibility (Mayer and Harel, 1979).  PPO activity increases 

after pathogen infection (Chen et al., 2000; Deborah et al., 2001). Thakker et 

al. (2007) reported an increased PPO activity in banana roots treated with 

Fusarium oxysporum derived elicitor. Increase in PPO activity was observed 

in banana roots treated with Psuedomonas fluorescens against Fusarium 

wilt (Sarvanan et al., 2004). Several groups have also tried to correlate the 

protective effects of rhizosphere bacteria with the induction of defense 

enzymes such as PPO (Ramamoorthy et al., 2002; Chen et al., 2000). Li and 

Steffens (2002) in their study suggested that PPO-generate quinones in plant 

cells, which accelerate cell death. The alkylation and reduction of the 

bioavailability of cellular proteins to the pathogen, crosslinking of quinones 

with protein or other phenolics form a physical barrier for the pathogens 

(Jiang and Miles, 1993).   There are many workers who have studied the 

PPO gene from different plants viz. Camellia sinensis (Wu et al., 2010; 

Huang et al., 2018; Ke et al., 2020), Eggplant (Shetty et al., 2011), poplar 

plant (Tran and Constabel, 2011), Litchi Chinensis (Wang et al., 2014), fuji 
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apple (Liu et al., 2015), Coreopsis grandiflora (Kaintz et al., 2015), 

Strawberry (Jia et al., 2015), Triticum aestivum (Hystad et al., 2015), Prunus 

armeniaca (Derardja et al., 2017) and Olea europaea (Cirilli et al., 2017).   

2.6. Defense inducers 

Chen et al. (2009) studied the role of salicylic acid (SA) in plant defense 

against pathogens. They found endogenous SA level increased in correlation 

with both resistance of tobacco against tobacco mosaic virus and induction 

of defense-related genes (that PR-1).  Conrath et al. (1995) also used SA to 

induce plant defense responses by enhancing the production of PR proteins. 

Chandra et al. (2007) studied PAL activities leading to decline in disease 

formation caused by Rhizoctonia solani following application of SA. Jendoubi 

et al. (2015) used SA to study its effect on resistance against Fusarium 

oxysporum f. sp. pradicis lycopercisi in hydroponic grown tomato plants. 

Zehra et al. (2017) investigated the collective effect of Trichoderma 

harzianum, exogenous SA and methyl jasmonate against Fusarium wilt 

disease in tomato plants. Umar et al. (2019) estimated the probable role of 

induced systemic acquired resistance in mungbean against Mungbean 

yellow mosaic virus (MYMV) disease. They found that, exogenous application 

of SA and Benzothiadiazole (BTH) triggered the SA pathway and enhanced 

the resistance in mungbean plants. Acharya et al. (2011) induced systemic 

resistance in Raphanus sativus L. by using five abiotic elicitors (arachidonic 

acid, cupric chloride, chitosan, isonicotinic acid and SA). Similarly, 

Alkahtani et al. (2011) studied effects of six abiotic elicitors (viz. Bion, Oxalic 

acid, SA, fungastop, potassium oxalate and photophor) for the induction 

study in cucumber against powdery mildew. Ullah et al. (2019) studied the 

effect of SA, Jasmonic acid (JA), and Abscisic acid (ABA) to confer resistance 

against Melampsora larici-populina, the causal agent of rust disease, in 

Poplar trees. They reported that, there was a strong association present 

among SA, flavan-3-ol biosynthesis, and rust resistance in poplars. In 

addition, they also showed ABA induced defense against rust infection in 

Popler trees. Al-Sohaibani et al. (2011) to combat the root rot disease of 

sweet basil caused by Macrophomina phaseolina, Fusarium oxysporum f. sp. 
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basilica and Rhizoctonia solani used four organic acids (oxalic acid, ABA, 

tannic acid, and SA); four different salts (Dipotassium phosphate, potassium 

chloride, disodium phosphate and sodium chloride) and two growth 

regulators (Indole butyric acid and Indole acetic acid). Singh et al. (2020) 

reported that among the abiotic chemicals tested, SA was best to activate 

plant defense against white rust of Indian mustard cultivar RH-749 under 

artificial epiphytotic conditions.  

BTH, a salicylic acid analogue chemically known as 1,2,3-

benzothiadiazole-7-thiocarboxylicacid-S-methyl-ester and commercially 

known as „Actigard‟ is a novel chemical activator. Several scientists have 

used this for activation of resistance in different plants against several 

pathogens. In 1996, Lawton et al. reported that BTH conferred disease 

resistance in tobacco, wheat and other important agricultural plants. In 

their report they have shown that BTH worked by activating SAR in 

Arabidopsis thaliana. Baysal et al. (2003) applied three different defense 

activator BTH, acibenzolar-S-methyl (ASM) and Bion to induced resistance 

in tomato against Clavibacter michiganensis ssp. michiganensis, causal 

organism of bacterial canker of tomato. Perez-de-Luque et al. (2004) studied 

the effect of foliar application of three SAR activator viz. SA, glutathione and 

BTH to control the broomrape infected pea disease. Hukkanen et al. (2007) 

reported an improved resistance mechanism against powdery mildew 

infection in strawberry plants (under greenhouse conditions) by BTH which 

mediated the accumulation of soluble and cell wall bound phenolics. Cortes-

Barco et al. (2010) worked with the anthracnose causing fungus 

Colletotrichum orbiculare to study the induction of resistance in Nicotiana 

benthamiana against it.  They used two inducers for the study, viz. BTH and 

(2R, 3R)-butanediol or PC1, an isoparaffin-based mixture. After the disease 

assessment they concluded that, (2R, 3R)-butanediol, BTH, and PC1 

reduced the number of lesions per leaf area caused by C. orbiculare to a 

significant extent. Aleandri and Reda (2010) studied the effect of three 

resistance inducers MeJA, BTH and K2HPO4 to control root rot and vine 

decline disease of melon caused by Monosporascus cannonballus. In 2013, 
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Dufour et al. reported that BTH strengthens plant defense mechanisms 

against pathogens. They reported the role of BTH-pretreatment in enhancing 

resistance against infection with various isolates of Plasmopara viticola and 

Erysiphe necator causing downy and powdery mildews in grapevine leaves 

respectively. Azami-Sardooei et al. (2013) investigated the effects of foliar 

applications of different concentrations of BTH on resistance to B. cinerea, a 

pathogen of tomato, bean and cucumber. Pye et al. (2013) used BTH and 

Tiadinil for induction of defense in tomato plants against the pathogen 

Pseudomonas syringae pv. Tomato (Pst) and Phytophthora capsici. Bellee et 

al. (2018) investigated the effect of a fungicide Pyrimethanil and BTH on the 

defense of grapevine against Botrytis cinerea. They reported that BTH was an 

efficient elicitor that induced the defense mechanism rapidly in the vineyard. 

Wise et al. (2016) suggested that the field application of BTH could 

effectively enhance crown rust resistance and avenanthramide production in 

oat by up-regulating certain metabolic pathways. Yan et al. (2017) studied 

the effect of JA and BTH to confer resistance against Sphaerotheca pannosa 

in Rosa rugosa „Plena‟ seedlings. They were of opinion that, exogenous JA 

and BTH significantly improved R. rugose „Plena‟ resistance to S. pannosa. 

Kouzai et al. (2018) studied the effect of BTH in the development of 

resistance upon infection by Rhizoctonia solani, causing sheath blight 

disease in Brachypodium distachyon. Cheng et al. (2018) suggested the role 

of BTH in enhancing banana plant defense responses to Fusarium 

oxysporum  f. sp. cubense tropical race 4 (Foc 4) infection, and demonstrated 

that BTH selectively affect biological processes associated with plant 

defenses. Frackowiak et al. (2019) in their work analyzed the influence of 

BTH and its derivatives as resistance inducers in healthy and virus-infected 

plants by determining the expression levels of selected resistance markers 

associated with the JA, SA and Ethylene pathways. From the results, they 

had concluded that expression of marker genes of both the SA- and JA-

mediated pathways could be increased by the application of BTH and its 

derivatives conferring its importance in defense mechanisms in plants. Jiang 

et al. (2019) studied the effect of BTH to confer resistance against Fusarium 

sulphureum, the causal agent of fungal dry rot disease, in potato tuber. They 
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found that BTH treatment stimulated wound-induced suberization in 

harvested potato tubers and also reduced the fungal dry rot by elevating the 

metabolism of the phenylpropanoid pathway. López-Gresa et al. (2019) 

studied metabolic alterations in BTH-treated Money Maker and NahG 

tomato plants infected by citrus exocortis viroid (CEVd) and were 

investigated by nuclear magnetic resonance spectroscopy. Using 

multivariate data analysis, they identified that, defence metabolites were 

induced after viroid infection and BTH-treatment. 

DL-β-amino butyric acid (BABA) has also got much attention by the 

scientists in the last two decades. According to Cohen et al. (2011) BABA 

induced both the local and systemic resistance against disease in numerous 

plant species. The preventive application of BABA to lettuce plants induced 

the resistance against downy mildew causing fungi Bremia lactucae. Tamm 

et al. (2011) used BABA and an aqueous extract of Penicillium chrysogenum 

(Pen) as elicitors to induce defense responses in plants against pathogen 

attack. Pajot et al. (2001) in their study, reported two elicitors BABA and 

Phytogard which induced systemic resistance in lettuce against downy 

mildew disease and protected the plants. Hassan et al. (2013) pre-treated 

tomato plants with BABA against bacterial wilt caused by Ralstonia 

solanacearum. Zeighaminejad et al. (2016) investigated the effects of BABA 

pretreatment on cucurbit powdery mildew disease in squash. Amzalek and 

Cohen (2007) studied the effect of BABA, BTH, INA, NaSA, AABA and GABA 

to induce SAR to control sunflower rust caused by Puccinia helianthi. 

Walters et al. (2011) reported that powdery mildew disease caused by 

Blumeria graminis f. sp. hordei and leaf scald disease caused by 

Rhynchosporium secalis of two spring barley varieties was controlled by the 

combined application of three resistance elicitors ASM, BABA and cis-

jasmone in field conditions. Li et al. (2016) studied the effects of various 

chemical inducers such as BABA, BTH and INA on Huanglongbing (HLB) 

disease of citrus and could control HLB disease. Conrath et al. (1995) used 

2,6-Dichloroisonicotinic acid (INA) which is a key protein involved in plant 

defense. A germination study was undertaken by Sharma and Sohal (2016) 
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to ascertain the effects of GABA on defense related enzymes viz. peroxidase, 

superoxide dismutase, total phenols and phenylalanine ammonia lyase in 

the hypocotyls and cotyledonary leaves of Brassica juncea RLM619 which 

showed resistance to white rust and Alternaria blight. Moosavi (2017) 

studied the plant defense responses and disease severity on tomato plants, 

by the application of abscisic acid (ABA) and gibberellin against Meloidogyne 

javanica. Thus, from literature it is evident that several chemical inducers 

including SA, BTH, ABA, BABA, GABA and AABA have potential to induce 

resistance in different plants against different pathogens. 
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3. MATERIALS AND METHODS 

3.1. Plant materials 

In the present study, pointed gourd plants were used as experimental host 

for studies on plant-pathogen interactions. The details of the obtained plant 

materials have been described in the following paragraphs. 

3.1.1. Collection of pointed gourd plants  

Healthy pointed gourd roots (of ‘Swarna aloukik’ variety) were collected from 

the local agricultural fields of Siliguri (District Darjeeling), West Bengal, 

India. As ‘Swarna aloukik’ variety grow well in the agro-climatic conditions 

of sub-Himalayan West Bengal and are widely cultivated by the farmers in 

the present study area, the variety was chosen (Fig. 3.1). Healthy pointed 

gourd fruits were also collected from the farmers for experimental purpose 

whenever required. 

3.1.2. Maintenance of pointed gourd plants 

i. Pointed gourd plants were cultivated both in pots and fields of the 

experimental garden of the Department of Botany, University of North 

Bengal. 

ii. Round earthen pots (30 cm diameter) were filled with 3.0 kg of soil 

mixture. The soil mixture was prepared by adding 0.5 kg of sun dried 

cow dung manure to 2.5 kg of fine dry soil. 

iii. The same mixture was also used for preparing the experimental plots 

in the field for the cultivation of the pointed gourd plants. 

iv. Roots were surface sterilized with 0.1 % sodium hypochlorite solution 

and then washed thrice with sterile distilled water. 

v. Sterilized roots were then sown in soil at one inch below the soil 

surface in the pots as well as in pots of experimental field. In field 

condition plants were grown at a distance of one meter between row to 

row and also between plant to plant. 

vi.  Watering was done on every alternate day to maintain the moist 

condition of the soil. Weeds were removed regularly at an interval of 

10 days.  
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3.2. Pathogenic fungi 

3.2.1. Field survey and collection of disease samples 

A field survey was conducted on the occurrence of diseases in pointed gourd 

plants in six districts (Darjeeling, Jalpaiguri, Kalimpong, Alipurduar, 

Coochbehar and Uttar Dinajpur) of sub-Himalayan West Bengal (Fig. 3.1). 

Altogether 20 surveys were done during 2015–2018 where leaves, tender 

stems and fruits were observed randomly. All such survey was done in large 

open cultivation fields. Numbers of affected leaves and fruits were counted 

and the percentage of infection was computed.  

Pointed gourd leaves showed different types of disease symptoms like 

leaf whitening, brown spot of leaves, leaf necrosis and leaf blight. Fruits also 

showed typical anthracnose symptoms and fruit rot of various intensities. 

Both the diseased leaves and fruits were randomly collected from different 

pointed gourd cultivation fields located in Kharibari, Falakata, Tufanganj, 

Islampur, Phansidewa, Dhundiajor, Kranti, Dhupguri, Dinhata, Salkavita, 

Tambari, Gorongdanga and Guabari of sub-Himalayan West Bengal (Fig 3.2 

Fig. 3.1: (A) Map of West Bengal. (B) Districts of northern part of West Bengal (The 

present study area) where pointed gourd is grown as an important vegetable crop. 
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& 3.3). Several samples were also collected in separate sterilized zip-packs 

and labeled accordingly (Table 3.1). The zip-packs with samples were then 

brought to the Molecular Plant Pathology Laboratory of University of North 

Bengal and stored at 4°C for further studies.  

3.2.2. Isolation of fungi  

i. Pointed gourd leaves and fruits showing disease symptoms were taken 

and the affected parts were carefully cut out with a sharp blade. 

ii. The dissected diseased portions were then surface sterilized with 0.1 

% sodium hypochlorite (NaOCl) solution for 1 minute and 

subsequently washed with sterilized distilled water for four 

consecutive times to remove traces of NaOCl. 

iii. The surface sterilized diseased portions were then cut into 5 mm 

small pieces with heat sterilized blade under aseptic conditions. 

iv. The pieces were then transferred into sterilized potato dextrose agar 

(PDA) slants in three replications. 

v. Some fresh healthy plant parts were also cut into small pieces and 

after surface sterilization, transferred into PDA tubes as control. 

vi. The tubes were then kept in an incubator at 28°C for 5 days (Thiyam 

and Sharma, 2013). 

3.2.3. Maintenance of stock cultures 

Cultures of isolated fungi were maintained in freshly prepared sterile PDA 

slants. Cultures were stored either at 4°C or at room temperature. 

Subcultures were prepared from stored stock cultures and used for all 

experimental purposes as and when required. 
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Fig. 3.2:  Map of regions of collection of infected plant samples from different districts 

of North Bengal: (A) Kharibari, Siliguri subdivision of Darjeeling District. (B) Falakata, 

Alipurduar District. (C) Birpara, Alipurduar District. (D) Islampur, Uttar Dinajpur 

District. (E) Phansidewa, Siliguri subdivision of Darjeeling district and (F) Guabari, 

Siliguri subdivision of Darjeeling district. The red pins showing the collection spots. 
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Fig. 3.3: Map of regions of collection of infected plant samples from different districts 

of North Bengal: (A) Phansidewa, Siliguri subdivision of Darjeeling District. (B) Kranti, 

Jalpaiguri District. (C) Dhupguri, Jalpaiguri District. (D) Dinhata, Cooch-behar 

District. (E) Salkavita, Darjeeling District and (F) Islampur, Uttar Dinajpur District. 
The red pins showing the collection spots. 
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Table 3.1. Region of collection of fruit and leaf samples of pointed 

gourd. 

Place of sampling 

with District in 

parentheses 

Disease 

Code 

assigned 

to the 

fungal 

isolate 

Time of 

sampling 

GIS locations 

Latitude Longitude 

Kharibari 

(Darjeeling) 
Leaf spot KHBR July-2015 26.5540° N 88.1916° E 

Falakata 

(Alipurduar) 
Leaf spot PGAL 

April-

2016 
26.5175° N 89.2039° E 

Birpara 

(Alipurduar) 
Leaf blight PGALD 

April-

2016 
26.7058° N 89.1373° E 

Islampur (Uttar 

dinajpur) 
Necrosis PGISH 

March-

2017 
26.2554° N 88.2009° E 

Phansidewa 

(North) 

(Darjeeling) 

Fruit rot PG-Ph May-2017 26.5909° N 88.3704° E 

Guabari 

(Darjeeling) 
Fruit rot PG-GUA 

June-

2017 
26.6016° N 88.3745° E 

Phansidewa 

(South) 

(Darjeeling) 

Antracnose PG-Pha Mar-2018 26.5859° N 88.3697° E 

Kranti (Jalpaiguri) Leaf spot PG-Kra May-2018 26.7144° N 88.7157° E 

Dhupguri 

(Jalpaiguri) 
Leaf spot PG-WD1 May-2018 26.5821° N 89.0051° E 

Dinhata 

(Coochbehar) 
Leaf spot PG-WD2 May-2018 26.1291° N 89.4695° E 

Salkavita 

(Darjeeling) 
Leaf spot PG-Gar 

June-

2018 
26.7136° N 88.3507° E 

Phansidewa (East) 

(Darjeeling) 
Leaf spot PG-Tau July-2018 26.5891° N 88.3743° E 

Islampur (Uttar 

dinajpur) 
Leaf spot PG-Ish July-2018 26.2476° N 88.2079° E 
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3.3. Pathogenicity test of isolated fungi 

3.3.1. Inoculum preparation 

i. Each isolate was grown in PDA plates for 10–12 days at 28°C for 

adequate sporulation. 

ii. Sterile distilled water was added aseptically to the culture plates. The 

conidia were detached from the mycelia by gently brushing the surface 

of the mycelia mat with inoculation needle. 

iii. The suspension was filtered through three layers of muslin for 

removing fragments of mycelia. 

iv. The concentration of the conidial suspension was measured using 

haemocytometer and the final concentration was adjusted to 1 x 106 

spores ml-1. 

v. Conidial suspensions prepared from the fungal isolates were used as 

inoculums. 

3.3.2. Disease induction 

3.3.2.1. Detached leaf inoculation technique 

 Artificial inoculation of detached leaves with test pathogen was performed 

following the detached leaf inoculation technique of Dickens and Cook 

(1989) with certain modifications. 

i. To perform the experiment fresh young fully expanded and detached 

pointed gourd leaves were placed on trays lined with moist blotting 

papers. 

ii. The leaves in the trays were inoculated with spore suspension of the 

pathogen. 

iii. Initially two to four wounds (light scratch of 2 mm length) were made 

on the adaxial surface of each leaf with the help of a sterile, sharp 

needle. 

iv. Twenty microliters drop of spore suspension (bearing about 1x106 

conidia/ml) of test pathogen prepared from 10–12 days old cultures, 

and were placed on the wounds of each leaf with a micropipette. 

v. In control sets, drops of sterile distilled water were placed on the 

leaves. 
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vi. Each tray was covered with a glass lid and sealed with petroleum jelly 

in order to maintain the required moistures inside the trays during 

incubation. The whole experiment was repeated thrice. 

3.3.2.2. Whole plant inoculation technique 

Disease induction in whole plants was also done following the method 

of Dickens and Cook (1989). For this, 

i. Well established pointed gourd plantlets (1-month-old) grown in pots 

were taken. 

ii. The experimental plants were inoculated by spraying a pure conidial 

suspension (containing 0.05% tween-20) prepared from each fungal 

isolate. 

iii. Each fungus was inoculated separately in separate experimental sets. 

Three plants were taken in each set. 

iv. Plants in the control set were sprayed by sterile distilled water. 

v. Immediately after inoculation, the pots were shifted to perforated 

transparent polythene chambers, previously mist-sprayed with sterile 

distilled water for maintaining high humidity. 

vi. After two days, the plants were removed from the chamber and grown 

in green house under natural light and temperature with normal soil 

surface watering. Humidity was maintained by spraying sterile 

distilled water at intervals. The whole experiment was repeated thrice. 

3.3.2.3. Disease induction in fruits 

i. Healthy fruits (60–70g approx.) were freshly harvested from the 

cultivation fields and were thoroughly washed with sterile distilled 

water.  

ii. These were pat dried with sterile blotting paper and placed carefully 

on moist blotting paper laid on tray. 

iii. For inoculation, wounds in the form of two light scratches (1 cm) were 

made on the surface of the fruit using a sterile scalpel. 

iv. Conidial suspensions prepared from each fungal isolate were placed 

carefully on the scratches. 
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v. Sterile cotton plugs lightly moistened with conidial suspension were 

used to cover the inoculated wounds. Eight fruits were inoculated by 

each isolate. 

vi. A set of four fruits that received sterile distilled water instead of 

conidial suspension served as control. 

vii. Each tray was covered with a glass lid and sealed with petroleum jelly 

in order to maintain the required moisture inside the trays during 

incubation. 

viii. The inoculated fruits were observed for appearance of disease 

symptoms daily. Disease assessment was done every alternate day 

and the data were recorded. The whole experiment was repeated 

thrice. 

3.3.3. Disease assessment 

3.3.3.1 Assessment of disease in detached leaves inoculated by 

pathogen:  

Disease assessment was done after 24, 48 and 72h post- 

inoculation. Percentage of lesions was calculated as follows: 

Total no. of lesions formed

Total no. of inoculation drops
 X 100 

In addition, mean diameter of lesions in millimeter were also recorded after 

24, 48 and 72h of inoculation. 

3.3.3.2. Assessment of disease in leaves of whole plants 

i. Assessment of disease in leaves of pointed gourd seedlings was done 

after 2, 4, 6, 8 and 10 days of inoculation. 

ii. The diameters of each lesion were measured and number of lesions 

developed on the leaves was noted. 

iii. The results were computed following the method of Sinha and Das 

(1972). The sizes of lesions were categorized into four groups and a 

value was assigned to each group as follows:  

 Very small-restricted lesions of 1–2 mm diameter = 0.1   

 Lesions with sharply defined margins of 2–4 mm diameter = 

0.25 

 Slow spreading lesions of 4–6 mm diameter = 0.5 
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 Spreading lesions of variable size (beyond 6 mm in diameter) 

with diffused margin= 1.0                                                

iv. The number of lesions in each group was multiplied by the value 

assigned to it and the sum total of such values was noted. 

v. Disease index was calculated as the mean of observations on three 

plants per treatment and data was computed as mean disease index 

per plant. 

3.3.3.3. Assessment of disease in Fruits 

In fruits post-inoculation symptoms were assigned into four different disease 

grades. Where no yellowing was found, the grade was assigned as ‘0’; when 

yellowing just started it was assigned as ‘+’; when yellowing turned to orange 

then it was assigned as ‘++’. Finally, when the fruit became brown, necrotic 

it was graded as ‘+++’. 

3.3.4. Verification of Koch’s postulations 

Koch’s postulations were verified in order to confirm that the fungal isolates 

were the causal organisms of the diseases in pointed gourd.  For this, each 

fungus was tested for its ability to induce the disease in healthy leaves and 

fruits. Thereafter, the pathogens were re-isolated from the experimentally 

diseased tissues and their identities were matched with the fungal isolates.  

Healthy leaves were inoculated by conidial suspension (1 x 106 conidia 

ml-1) prepared from 10–12 d old cultures of the fungal isolates in PDA plates 

as stated earlier in section 3.3.2. After 3–7 days of inoculation, when disease 

symptoms were evident on the leaves, infected portions of the leaves were 

cut out with a sterile sharp blade.  The infected portions were surface 

sterilized with 0.1% NaOCl for 1 min and washed thoroughly (at least thrice) 

with sterile distilled water. The surface sterilized parts were then cut into 

small species and finally transferred aseptically into sterile PDA slants. The 

slants were incubated at 28°±1C and were observed until sporulation (10–12 

days). Sporulated cultures were subjected to microscopic studies following 

staining with cotton-blue in lactophenol as stated in section 3.4.1.2. The 

identity of the re-isolated fungi was confirmed by comparing it with the 

original fungal isolates.  If an organism was consistently re-isolated then it 

was treated as a pathogen.  
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Similarly Koch’s postulations were verified after inducing leaf 

infections in young pointed gourd plants. Inoculation was done by spraying 

the plants with conidial suspension (1 x 106 conidia ml-1) and the pathogen 

was re-isolated after 10 days from infected leaves.  

In case of experiments with pointed gourd fruits, the fruits were 

inoculated by conidial suspension (1 x 106 conidia ml-1) prepared from 10–

12 days old cultures of the fungal isolates. After 3–5 days of inoculation, 

when disease symptoms were evident on the fruits, infected portions were 

cut out with a sterile sharp blade and was transferred into sterile PDA 

slants following surface sterilization. The isolated pathogen was studied 

microscopically for its morphological features and spore characters. The 

culture characteristics in PDA were also recorded. The findings were 

compared with the original isolate. If the isolated fungi were similar to the 

original isolate, then it was considered as pathogen.  

3.4. Identification of isolated fungal pathogens 

In order to identify the isolated fungal pathogens, studies were undertaken 

on the phenotypic characters including colony characteristics and 

microscopic studies. Furthermore, phylogenetic characterization was also 

done based on ribosomal RNA genes (ITS and 28S rRNA genes) and Actin 

gene sequences (ACT) that were obtained following PCR amplification. 

3.4.1. Studies on phenotype 

Phenotype studies included the colony morphology of each fungus and the 

morphology of their hyphae and conidia. Studies on cellular morphology 

were conducted under microscope. Culture morphology was studied by 

observing the culture characteristics in PDA plates. 

3.4.1.1. Colony characteristics 

i. In order to study the colony characteristics of the isolated fungal 

pathogens, each fungus was inoculated centrally on sterile PDA plates 

(9 cm in diameter) and incubated for 2–3 days at 28°±1C for the 

colony to develop as mycelial mats. 

ii. Subsequently, mycelial agar discs (5 mm in diameter) were cut with a 

sterile cork borer from the radially advancing zone of growing hyphae 

and each disc was placed at the centre on fresh sterile PDA plates. 
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iii. The plates were incubated at 28±1°C for 10 days for adequate 

sporulation. 

iv. Different characteristic parameters of a fungal culture (colour and 

texture of mycelia; pattern of radial growth; colour, texture and 

quantity of spores etc.) were recorded at regular intervals.  

3.4.1.2. Microscopy 

i. A small portion of the mycelia from each sporulated pure fungal 

culture was placed on separate clean grease free glass slides and 

stained using cotton-blue in lactophenol. 

ii. The slides were then mounted with cover glass, sealed and observed 

under light microscope at 40x (Leica Application Suite V4.4 

microscope equipped with Leica MC 120 HD digital camera, 

Singapore). 

iii. Detailed morphological properties of the fungi such as septation of 

hyphae, type and shape of spore, etc. were observed and recorded. 

iv. Length and breadth of spores and breadth of mycelia were also 

measured (Amadi et al., 2014). 

3.4.2. Studies of fungal genes for identification  

The isolated fungi were then identified by molecular techniques using 

polymerase chain reaction. Gene sequences that included partial 18S rRNA 

small subunit (SSU), complete internal transcribed spacer region 1 (ITS1), 

5.8S rRNA gene, internal transcribed spacer region 2 (ITS2) and partial 28S 

rRNA large subunit (LSU) gene were analysed. Another gene sequence of 

D1/D2 region of 28S rRNA large subunit (LSU) was also used for 

confirmation of the isolates. This is an era of molecular techniques and for 

better understanding of the phylogeny of the isolated fungi, hence, Actin 

gene (ACT) was also isolated. The sequences were obtained by PCR 

amplification of the target genes using genomic DNA as the template.  The 

universal forward and reverse primers were ITS1 and ITS4, which hybridizes 

with the end of the 18S rRNA gene and with the beginning of the 28S rRNA 

gene respectively (White et al., 1990). The D1/D2 region of 28S rRNA large 

subunit (LSU) was amplified using NL1 and NL4 primers (O’Donnell 1993). 
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The Actin gene was amplified by using Act 1 and Act 2 primers (Bleve et al., 

2003). All the primers used have been presented in the table 3.2. 

3.4.2.1. Isolation of fungal genomic DNA 

Genomic DNA was extracted from fungal cultures following CTAB method 

(Dellaporta et al., 1983) modified by Haible et al. (2006). CTAB-DNA 

extraction buffer was prepared by mixing 2% CTAB, Tris-100 mM [pH-8], 

1.4M NaCl, 20 mM EDTA [pH-8] and 2µl/ml β-mercaptoethanol. Detailed 

step of CTAB method are as follows: 

i. The fungi were inoculated in 50 ml PDB taken in 250 ml conical 

flasks for 15 days at 28±1°C. Mycelia were harvested by filtering 

through sterile muslin cloth, washed thrice with sterile distilled 

water, dried and ground to a fine powder in liquid nitrogen 

using sterile mortar and pestle.   

ii. One gram of tissue was then homogenized with 5 ml pre-

warmed (at 65°C) DNA extraction buffer. 

iii. The resultant homogenate was transferred in a 1.5 ml micro 

centrifuge tube and incubated at 65°C for 1h, in a dry bath and 

the homogenate was mixed occasionally by gentle swirling. 

iv. After incubation, homogenate was removed from the dry bath 

and 0.6 volume of chloroform-isoamyl alcohol (24:1) was added. 

v. The homogenate was mixed thoroughly by inversion of the up 

side down and again down side up. 

vi. After 15 minutes the mixture was centrifuged at 11,000 rpm for 

10 minute and aqueous phase was transferred to another 1.5 

ml micro centrifuge tube. 

vii. 0.6 volume of isopropanol was added to the sample to 

precipitate the DNA. 

viii. DNA was pelleted by centrifuging at 12,000 rpm in 1.5 ml 

centrifuge tubes for 15 min at 4°C. 

ix. DNA was washed with 70% ethyl alcohol and dried overnight. 

x. Dried DNA was dissolved in T10E1 buffer [pH-8]. 
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3.4.2.2. RNAse treatment 

The genomic DNA extracted by CTAB method contained RNA which was 

removed by RNase treatment.  

i. 2.5 µl RNAse was added to 0.5 µl of crude DNA and mixed 

gently and incubated at 37°C for 1h. 

ii. After this 0.4 ml of chloroform-isoamylalcohol (24:1) was added 

and was mixed thoroughly for 15 minutes. Finally, the resultant 

mixture was centrifuged for 15 min at 12,000 rpm. 

iii. Supernatant was removed except the white interface layer and 

DNA was reprecipitated from the supernatant by mixing 

absolute alcohol (supernatant: Alcohol: : 1: 2). 

iv. DNA was pelleted by centrifugation at 12,000 rpm for 15 min 

and then washed with 70% alcohol. 

v. Dried DNA was then re-dissolved in T10E1 buffer [pH-8] and 

stored at -20°C for further use.  

3.4.2.3. Quantification of DNA 

Purity of DNA was estimated by computing the OD260/OD280 ratio. The 

absorbances were recorded at wavelengths of 260 nm and 280 nm. In the 

sample, the reading at 280 nm quantifies protein and the reading at 260 nm 

quantifies nucleic acid. For pure DNA, the OD260/OD280 value ranges from 

1.8 to 2.0. The standard value of 1 OD at 260 nm corresponds to 50 ng/µl of 

dsDNA. For quantification of the DNA purified from fungi, the DNA sample 

(1 µl) was diluted in 49 µl TE buffer and absorbance was recorded at 260 

and 280 nm in UV-Visible spectrophotometer (Varian, Australia). 

3.4.2.4. Gel electrophoresis 

The quality of purified genomic DNA was checked by agarose gel 

electrophoresis performed in a submarine gel electrophoresis system 

(Bangalore genei (India) Pvt. Ltd., India).  

i. Agarose was suspended in 1X TAE buffer (1%) and melted in water 

bath until clear solution was obtained. 

ii. Ethidium bromide (0.5 µg/ml) was added after cooling to about 50–

60°C, mixed and poured into the gel casting tray. 
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iii. The gel was allowed to solidify and then it was completely submersed 

in electrophoresis tank containing 1X TAE running buffer. 

iv. DNA samples (6 µl) mixed with gel loading buffer (2 µl) were loaded 

onto wells. Electrophoresis was run at 60 volt for 1 hour. 

v. The gel was then removed from the tank and viewed under UV light in 

a UV transilluminator (Bangalore Genei (India) Pvt. Ltd, Bangalore, 

India). 

vi. Bright fluorescent orange bands indicated the presence of DNA. 

3.4.2.5. PCR Amplification  

Polymerase chain reactions (PCR) were performed using a MJ Mini Personal 

Thermal Cycler (Bio-Rad) with the help of gene specific primer (Table. 3.2). 

Twenty-five microliter reaction mixture was prepared and 2 µl of genomic 

DNA was taken as template. The reaction mixtures contained the following 

components: 

Taq buffer (5X) 5.0 µl 

Taq DNA polymerase(5u/µl) 0.13 µl 

dNTP mix (10 mM each) 1.0 µl 

MgCl2 (25 mM) 1.5 µl 

Forward primer 1.0 µl 

Reverse primer 1.0 µl 

Template (DNA) 2.0 µl 

Sterile water 13.37 µl 

Table. 3.2: List of primers used for PCR amplification 

 

 

 

Primer name Primer sequence  References 

ITS 
ITS1: 5’-TCCGTAGGTGAACCTGCGG -3’  White et al., 

1990 ITS4: 5’-TCCTCCGCTTATTGATATGC -3’  

28S 
NL1: 5’-GCATATCAATAAGCGGAGGAAAAG -3’  O’Donnell, 

1993 NL4: 5’-GGTCCGTGTTTCAAGACGG -3’  

Actin 
ACT-1: 5’-GTATTGTTCTCGACTCTGGTGATGG-3’ 

ACT-2: 5’- TCTCAGGTGGTGCAACGACC-3’ 
 

Bleve et al., 

2003 
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3.4.2.6. Detection of PCR amplicons in agarose gel 

The PCR amplicons of the fungal ribosomal RNA genes (both ITS and 28S 

large subunit) and Actin genes were resolved on 1% agarose gel containing 

ethidium bromide following methods described earlier (section 3.5.2.4.). The 

resolved amplicons were observed under UV light in a UV transilluminator. 

The molecular weight of PCR products was measured by using molecular 

weight markers (100 bp/500 bp ladder, Promega) run parallel to samples.  

3.4.2.7. Purification and sequencing of PCR products 

Purification of the PCR product was done using GeneiPureTM Quick PCR 

purification kit following the manufacturer’s protocol.  

i. At first, 5 volumes of Binding Buffer was added to 1 volume of PCR 

product and mixed well.  

ii. Then the GeneiPureTM column was placed into a 2 ml collection tube 

and the sample was loaded and centrifuged at 11,000 rpm for 1 

minute. 

iii. The flow through was discarded and the GeneiPureTM column was 

placed back in the collection tube.  

iv. The GeneiPureTM column was then washed with 500 µl of Wash Buffer 

I and centrifuged at 11,000 rpm for 1 minute.  

v. Then the flow through was discarded and the GeneiPureTM column 

was placed back to the collection tube.  

vi. After that, one volume of Wash Buffer II was diluted with four volume 

of absolute ethanol just before use.  

vii. Again, the GeneiPureTM column was washed with 700 µl of diluted 

Wash Buffer II and centrifuged at 11,000 rpm for 1 minute. 

viii. Then the flow through was discarded and the GeneiPureTM column 

was placed back to the collection tube. 

ix. Again, it was centrifuged at 11,000 rpm for 2 minutes to remove the 

traces of Wash Buffer and the collection tube was discarded. 

x. The GeneiPureTM column was opened and placed in fresh and sterile 

1.5 ml vial and incubated at 70°C for 2 minutes to ensure complete 

removal of ethanol. 
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xi. For elution of DNA, 50 µl of pre-warmed (in dry bath at 70°C for 5 

minutes) of Elution Buffer was added to the center of the column and 

incubated at room temperature for 1–2 min. 

xii. The purified amplicons were sequenced at Chromas Biotech Pvt. Ltd. 

(Bangalore, India). 

3.4.2.8. Phylogenetic analysis 

i. The partial ribosomal RNA gene sequences (both ITS and 28S large 

sub-unit) and the Actin gene sequences of the pathogenic fungal 

strains were compared with other related gene sequences available in 

GenBank databases using the BLAST search facility at the National 

Center for Biotechnology Information (NCBI) 

(http://www.ncbi.nlm.nih.gov/) (Altschul et al., 1997).  

ii. After that, with the aligned sequences the nucleotide identity matrices 

were formed with SDT 1.2 (Muhire et al., 2014). 

iii. Phylogenetic trees were generated by neighbour-joining method 

(Saitou & Nei, 1997) through Kimura-2 parameter in MEGA 6.0 

(Tamura et al., 2013) following alignment with ClustalW 1.6 

(Thompson et al., 1994). Confidence in the tree topology was 

determined by bootstrap analysis using 1000 re-samplings of the 

sequences (Felsenstein, 1985). The evolutionary distances were 

computed using the Maximum Composite Likelihood method (Tamura 

et al., 2013). 

3.5. Studies on growth and physiology of the fungal pathogens 

3.5.1. Influence of different culture media on growth and sporulation 

i. In order to evaluate the vegetative growth and sporulation of isolated 

pathogenic fungi in media, seven different media i.e. potato dextrose 

agar (PDA), oat meal agar (OMA), Czapek Dox agar (CDA), Richards’s 

agar (RA), yeast extract mannitol agar (YEMA), malt extract agar 

(MEA) and pointed gourd dextrose agar (PGDA) media were used. 

ii. Each media taken in 9 cm Petri plates was inoculated with 5 mm 

mycelial agar discs taken from advancing zones of mycelia of 10 day 

http://www.ncbi.nlm.nih.gov/
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old fungal cultures in PDA plates (Section 3.4.1.1). Experiments were 

performed with three replications. 

iii. The inoculated Petri plates were incubated for 10 days at 28°±1C. 

Radial growths of mycelia were measured at 2 days intervals to assess 

the mycelial growth in different media. Colony diameters were 

measured in each plate and mean diameter was computed for each 

pathogen. 

iv. Sporulation was graded as poor (+), fair (++), good (+++) and excellent 

(++++) by visual observation. 

v. For estimation of sporulation, a small portion of mycelia was taken in 

microscopic slides, stained in cotton blue-lactophenol and observed 

under microscope (as stated in section 3.4.1.2). 

3.5.2. Influence of pH on growth of fungi 

i. To evaluate the optimum pH for the growth of the fungi, PDA medium 

was used as growth medium. Inoculums (mycelia disc) of test fungi 

(prepared from 10 day old cultures in PDA) were transferred into the 

PDA plates. 

ii. The media were adjusted to different pH ranging from 3.5–7.5 by 

adding 1N HCl or 1N NaOH. The plates were incubated at 28±1°C. 

iii. Radial growths of mycelia were measured at 2 days intervals to assess 

the mycelial growth. Colony diameters were measured in each plate. 

The experiments were done in three replications for each fungus and 

also for each pH value. The mean diameter was determined for each 

pathogen. 

3.5.3. Influence of temperature on growth of fungi 

i. To evaluate the optimum temperature for the growth of the fungi, PDA 

medium was used as growth medium. 

ii. Inoculums of all test fungi prepared as mycelia agar discs from 10 day 

old cultures in PDA were transferred into the PDA plates. The plates 

were then incubated at different temperatures ranging from 23°C–

33°C at intervals of 5°C. 

iii. Radial growths of mycelia were measured at 2 days intervals to assess 

the mycelial growth. Colony diameters were measured in each plate. 
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The whole process was done in three replications for all test fungi and 

for each selected temperature. Finally, mean diameter was calculated 

for each pathogen.  

3.6. Molecular detection of defense related gene 

3.6.1. Isolation of Resistance gene analog (RGA) 

3.6.1.1. Extraction of total RNA  

Total RNA was extracted from the pointed gourd leaves following the method 

of Chomczynski and Mackey (1995). All the plastic and glass equipments 

used for this experiment were made RNase free by treating with DEPC for 

overnight and autoclaved. These were then dried in Hot Air Oven at 60°C 

before use. 

i. Firstly, 100 mg of plant tissue was ground in liquid nitrogen using 

mortar and pestle. 

ii. Then 1 ml of Trizol-S reagent was added and grinding was continued.  

iii. The resultant mixture was transferred to 2 ml microcentrifuge tubes 

and allowed to stand for 5 minutes at room temperature. 

iv. Chloroform (200 µl) was added to each tube and vortexed. 

v. After 10 minutes, the tubes were centrifuged (13,000 rpm for 10 

minutes at 4°C) and the upper aqueous phase was transferred into 

fresh microcentrifuge tubes. 

vi. The tubes were vortexed for 10 seconds after addition of 0.6 volumes 

of isopropanol and allowed to stand at room temperature for 10 

minutes. 

vii. The tubes were re-centrifuged under similar conditions and the 

supernatant was discarded.  

viii. The pelleted RNA was washed with ethanol (70%), dried in air and 

dissolved in 40 µl of sterile and DEPC treated RNase free distilled 

water. 

ix. The RNA solution was finally stored at –20°C for further use.  

3.6.1.2. Quantification of RNA 

In order to determine the concentration of RNA sample, its absorbance at 

260 nm was measured and an absorbance of 1.0, when the path length was 

1.0 cm, was equivalent to about 40 µg/ml of RNA. For pure RNA sample, the 
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A260/A280 ratio should be 2.0. A ratio below 2.0 indicates protein 

contamination. Besides, for pure RNA sample the A260/A280 ratio should be 

≥2.0. A ratio quite lower than this indicates contamination by phenolate ion, 

thiocyanates and other organic compounds mostly used during RNA 

extraction and can interfere with subsequent steps in Reverse Transcriptase 

Polymerase Chain Reaction (RT-PCR). 

3.6.1.3. Agarose gel electrophoresis of extracted RNA 

The quality of extracted RNA was assessed by electrophoresis on a 

denaturing agarose gel, because RNA often forms secondary structure via 

intra-molecular base pairing, and this prevents the RNA migrating strictly 

according to its size. Agarose gel was prepared as follows:  

i. One gram agarose was mixed with 85 ml of RNAse water and heated 

until proper melting, and then allowed to cool to 60°C 

ii. Then, 10 ml 10X MOPS buffer, and 5 ml 37% formaldehyde (12.3 M) 

was added 

iii. The gel was then allowed to solidify 

iv. RNA was then loaded onto the gel after mixing it with ethidium 

bromide and 2X RNA loading dye and electrophoresed at 60V for 1 hr 

v. Visualize the gel under UV- Transilluminator (GeNei, Bengalore). 

3.6.1.4. RT-PCR (Reverse Transcriptase-PCR) from total RNA 

Extraction of resistance genes was done from total RNA using One Step M-

MuLV RT-PCR kit (Genei, Bangalore). Resistance gene specific degenerate 

primers NBS-F1 (5′-GGIGGIGTIGGIAAIACIAC-3′) and NBS-R1 (5′-

IAGIGCIAGIGGIAGICC-3′) were used to amplify the resistance gene analogs 

present in the pointed gourd plant. After amplification the products were 

electrophoresed at 5V/cm through 1.2% (w/v) agarose gels in 1X Tris Acetic 

acid EDTA (TAE) buffer and visualized under UV transilluminator following 

ethidium bromide staining of the gel (70 min in 1 µg/ml ethidium bromide). 

3.6.1.5. Purification of PCR products 

After obtaining the desired PCR products, they were purified using Wizard 

SV Gel and PCR Clean-Up System (Promega) following manufacturer’s 

protocol (section 3.4.2.7). 

3.6.1.6. Cloning of PCR product 
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The PCR product with expected size were cloned into the pGEM®-T Easy 

Vector using pGME®-T easy cloning kit (Promega, USA) following 

manufactures protocol. The details cloning procedure are as follows: 

3.6.1.6.1. Preparation of competent cells  

Competent cells of E. coli (DH5α, Promega) for transformation were prepared 

following the method of Sambrook and Russel (2001) with some 

modification. Detailed method of component cells preparation is carrying out 

with following steps: 

i. A single colony of DH5α cells were grown overnight at 37°C on 10 ml 

LB (Luria-Bertani) broth medium. 

ii. 100 µl of overnight growing culture was inoculated into 5 ml of fresh 

LB broth. 

iii. After that the culture was grown 2 to 4 hrs. (till O.D. reached 0.3 to 

0.4 at 600 nm) at 37°C on a rotary shaker at 100 rpm. 

iv. The growing culture was transferred to 1.5 ml micro centrifuge tube 

and was pelleted by centrifugation at 6,000 rpm for 10 min at 4°C 

and the supernatant was discarded. 

v. 750 µl of solution-I (mixture of MgCl2 and CaCl2) was mixed with 

pelleted cells and the cells were re-suspended by gently mixing. 

vi. The mixture was centrifuged at 5000 rpm for 7 minutes at 4°C and 

the supernatant was discarded. 

vii. The pellet was re-suspended in 750 µl of 100 mM CaCl2 solution by 

gently mixing and incubated on ice for 45 minutes. 

viii. The cells pellet was again recovered from the mixture by 

centrifugation at 5000 rpm for 5 minutes at 4°C. 

ix. The supernatant was discarded and the pellet was re-suspended in 

500 µl of 100 mM CaCl2 and stored at -20°C for overnight. 

3.6.1.6.2. Preparation of ligation mixture 

The ligation mixture was prepared by using pGEM®-T Easy Vector, purified 

PCR product and 2X rapid ligation buffer in a 0.5 ml PCR tubes. Tubes 

containing ligation mixture were incubated overnight at 4°C. The ligation 

mixtures containing the following components: 

2X rapid ligation buffer 5 µl 
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pGEM®-T Easy Vector 1 µl 

T4 DNA Ligase 1 µl 

DNA (PCR product) 2 µl 

Deionized H2O 1 µl 

3.6.1.6.3. Transformation 

Previously prepared competent cells (as described in section 3.10.9.1.) were 

used for the transformation purpose. The detailed transformation 

procedures are as follows:  

i. 2 µl of ligation mixture was added to the 100 µl competent cells and 

incubated in ice for 45 minutes. 

ii. After ice incubation heat shock was given at 42°C for 90 sec. 

iii. Then the tube was transferred directly to ice and incubated for 10 

minutes. 

iv. After ice incubation 300 µl LB broth was added to the tube and 

incubated at 37°C for 2 hrs with shaking at 200 rpm. 

v. Centrifugation was done at 6000 rpm for 6 minutes at 4°C. 

vi. After centrifugation 300 µl supernatant was discarded and the 

remaining one was gently mixed with the pellet. 

vii. Then 100 µl transformed culture were spread onto LB agar plates 

containing ampicillin (50 mg/ml), IPTG (20%) and X-gal (4%). 

viii. The plates were incubated overnight at 37°C. 

ix. Positive transformed cells were selected by blue-white screening. 

3.6.1.6.4. Detection of positive clone by colony PCR 

After successful transformation, the positive transformed cells were further 

tested through boiling lysis followed by PCR. Each of the colonies was mixed 

with 200 µl sterile water in a 0.5 ml PCR tubes. The mixture was then boiled 

at 100°C for 10 minutes in water bath. After boiling the mixture was rapidly 

cooled down and centrifuged at 7000 rpm for 5 minutes at 4°C. The 

supernatant was used as template for PCR reaction. PCR reaction was 

carried out following the process as described in the section 3.4.2.5. 

3.6.1.7. Sequencing and phylohenetic analysis of cloned product 

The positive cloned products were sent for sequencing to Chromous Biotech 

Pvt. Ltd., Bangalore, India. The nucleotide (nt) sequence was aligned using 
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ClustalW 1.6 (Thompson et al., 1994) and submitted in the GenBank after 

BLASTn analysis (Altschul et al., 1997). The phylogenetic tree of the 

resistance gene analog was generated through neighbour-joining method 

with Kimura-2 parameter using MEGA 6.0 (Tamura et al., 2013). 

3.6.2. Isolation of defense enzyme related genes 

3.6.2.1. Extraction of total RNA  

Total RNA was extracted from the pointed gourd leaves following the method 

of Chomczynski and Mackey (1995) as described in section 3.6.1.1. 

3.6.2.2. Agarose gel electrophoresis of extracted RNA 

Agarose gel Electrophoresis was done at 5V/cm in 1% (w/v) agarose gels in 

1X Tris Acetic acid EDTA (TAE) buffer for 60 min for visualization of RNA 

under UV- Transilluminator (GeNei, Bengalore). 

3.6.2.3. RT-PCR (Reverse Transcriptase-PCR) from total RNA 

Extraction of defense enzyme related genes viz. phenylalanine 

ammonia lyase (PAL), chitinase, β-1,3-glucanase, peroxidase (POX), poly-

phenol oxidase (PPO) was done from total RNA using One Step M-MuLV RT-

PCR kit (Genei, Bangalore). Five sets of gene specific degenerate primers 

were used (Table. 3.3) to amplify the defense enzyme related genes present 

in pointed gourd plant. After amplification the products were 

electrophoresed at 5V/cm through 1% (w/v) agarose gels in 1X Tris Acetic 

acid EDTA (TAE) buffer and visualized under UV-transilluminator following 

ethidium bromide staining of the gel (70 minute in 1 µg/ml ethidium 

bromide). 

Table. 3.3: List of primer used for PCR amplification 

 

 

 

 

 

 

 

 

 

Primer name Primer sequence  

PAL 
F: 5’-ACAACAATGGGTTGCCATCGAATC-3’  

R: 5’-ACTTGGCTAACACTGTTCTTGACA-3’  

Chitinase 
F: 5’-GCCGCYTTYYTBGCKCARAC-3’  

R: 5’-TGNGSNGTCATCCAYAACCA-3’  

β-1,3 glucanase 
F: 5’-TAYATHGCNGTWGGNAAYGA-3’  

R: 5’-CCANCCRCTYTCNGAHACMAC-3’  

POX 
F: 5’-GAYTGCTTYGTYGATGGGTGYGATG-3’ 

R: 5’-ADDTTGCYCATCTTBAYCATRG-3’ 

 

 

PPO 
F: 5’-CCDTTCTGGAAYTGGATTC-3’ 

R: 5’-CNGCNGAGTAGAAGTTSCCC-3’ 

 

 

F-Forward primer; R- Reverse primer  
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3.6.2.4. Purification of PCR products 

After obtaining the desired PCR products, they were purified using Wizard 

SV Gel and PCR Clean-Up System (Promega) following manufacturer’s 

protocol (section 3.4.2.7). 

3.6.2.5. Cloning of PCR product 

The PCR product with expected size were then cloned into the pGME®-T 

Easy Vector using pGEM®-T easy cloning kit (Promega, USA) following 

manufactures protocol. The details cloning procedure has been described in 

section 3.6.1.6. 

3.6.2.6. Sequencing and phylogenetic analysis of cloned product 

The positive cloned products were sent for sequencing to Chromous Biotech 

Pvt. Ltd., Bangalore, India. The nucleotide (nt) sequence was aligned using 

ClustalW 1.6 (Thompson et al., 1994) and submitted in the GenBank after 

BLASTn analysis (Altschul et al., 1997). Nucleotide identity was calculated 

using SDT v1.2 (Muhire et al., 2014). The phylogenetic tree of the defense 

enzyme related genes were generated through neighbour-joining method 

with Kimura-2 parameter using MEGA 6.0 (Tamura et al., 2013). 

3.7. Preparation and application of inducer-chemicals on pointed gourd 

plants 

i. One-month old pointed gourd plants (of variety Swarna alaukik) were 

taken in pots of 30 cm diameter. 

ii. Seven different chemicals viz. α-Aminobutyric acid (AABA), β-

aminobutyric acid (BABA), γ-amino butyric acid (GABA), 2,1,3-

Benzothiadiazole (BTH), Salicylic acid (SA), Abscisic acid (ABA) and 

Hydrogen peroxide (H2O2) were used as inducers to elicit resistance in 

the plants. 

iii. Each chemical was dissolved in sterile distilled water (10-3 M) and 

were applied separately on lower leaves of one month old plants using 

hand sprayer leaving 3–4 top most leaves. The treated plants were 

labeled appropriately. The elicitors were augmented with Tween-20 

before spraying in order to ensure adhering. 
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iv. One hour after treatment, treated lower leaves were challenge 

inoculated with conidial suspension (1x105 conidia/ml) Fusarium 

equiseti (one of the pathogen of present study). 

v. The entire experiment was performed with appropriate controls in four 

sets (untreated-uninoculated, untreated-inoculated, treated-

uninoculated and treated-inoculated) for each pathogen and for each 

inducer. Plants were maintained in green house in a sterile 

environment under normal daylight condition throughout the 

experiment to avoid contamination. 

vi. The upper leaves of untreated-uninoculated, untreated-inoculated, 

treated-uninoculated and treated-inoculated were harvested for 

studying expression of defense related enzymes after 0 hr, 3 hr, 6 hr, 

12 hr, 24 hr, 48 hr, 72 hr, 5 day and 7 day following inoculation by 

the pathogens. Disease index was computed for the inoculated plants. 

The whole experiment was repeated thrice and the data were 

averaged. 

3.8. Extraction and estimation of defense related enzymes  

3.8.1. Phenylalanine ammonia lyase (EC 4.3.1.5) 

i. PAL activity was determined at the rate of conversion of L-

phenylalanine to trans-cinnamic acid at 290 nm as described by 

Sadasivam and Manickam (1996). 

ii. One gram of fresh leaves was dipped in liquid nitrogen for 10 minutes 

and crushed in 5 ml of 0.25 M borate buffer (pH-8.7) at 4°C. 

iii. Filter through 4 layered muslin cloth. 

iv. Centrifuge the filtrate at 12,000 g for 15 minutes at 4°C. 

v. Yellowish green supernatant was used as crude enzyme. 

vi. Then, 0.5ml of borate buffer, 0.25 ml of crude enzyme, 1.5 ml of 

distilled water and 1 ml of 0.1M L-phenylalanine were mixed and 

incubated for 30 minutes at 30°C. 

vii. After that, the reaction was stopped by adding 0.5 ml of 1M 

Trichloroacetic acid. 

viii. Absorbance values were recorded at 290 nm in UV-VIS 

spectrophotometer. 
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ix. Enzyme activity was expressed as µmol min−1g−1 fresh weight tissue 

using trans-cinnamic acid as standard. 

 

Phenylalanine ammonia-lyase activity = 
Concentration  ×dilution  factor  ×final  volume  ×3

Initial  weight  ×volume  of  enzyme  ×60
 

3.8.2. Peroxidase (EC 1.11.1.7) 

Peroxidase activity was determined according to procedure given by 

Hammerschmidt et al., 1982. 

i. One gram of fresh leaves was dipped in liquid nitrogen for 10 minutes 

and crush in 0.1M sodium phosphate buffer (pH-6.5) at 4°C. 

ii. Then the homogenate was filtered through four layered muslin cloth 

and centrifuge the filtrate at 6000 g at 4°C for 15 minutes. 

iii. Supernatant was collected and considered as crude enzyme. 

iv. After that, 1.5 ml of 0.05M guaiacol and 200 µl of extracted crude 

enzyme were taken in a cuvette. 

v. The cuvette was then placed in a UV-VIS spectrophotometer and 

initial reading was adjusted to zero at 420 nm. 

vi. 100 µl of hydrogen peroxide (1%v/v) was added in cuvette and the 

changes in absorbance values were recorded for 5 minutes in 1 

minute interval. 

vii. The enzyme activity was expressed in unit enzyme activity. Change in 

absorbance [∆A420 min−1g−1fresh weight tissue] of 0.001 was considered 

as unit of enzyme activity. 

Peroxidase activity =  
Mean  O.D.×Final  volume  ×10 ×dilution  factor

Initial  weight
 

3.8.3. -1, 3-glucanase (EC 3.2.1.6) 

Colorimetric method of Pan et al. (1991) was used for the assay of -1, 3-

glucanase enzyme, this method is also named as laminarin -dinitrosalicylate 

method. 

i. One gram of fresh leaves were dipped in liquid nitrogen for 10 minutes 

and crushed in 5 ml of 0.05M sodium acetated buffer (pH-5.0) at 4°C. 

ii. Filter through 4 layered muslin cloth. 

iii. Centrifuge filtrate at 10,000 g for 15 minutes at 4°C. 

iv. Supernatant was taken as crude enzyme. 
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v. Then, 15.6 µl crude enzyme and 15.6 µl of 4% laminarin was 

incubated at 40°C for 10 minutes. 

vi. The reaction was stopped by adding 94 µl of dinitrosalicylic acid 

followed by heating for 5 minutes on boiling water bath. 

vii. The final colour of the solution was diluted with 1 ml distilled water. 

viii. Absorbance was taken in UV-VIS spectrophotometer at 500 nm. 

ix. Enzyme activity was expressed in fresh weight basis (nmol 𝑚𝑖𝑛−1𝑚𝑔−1) 

using D-glucose as standard. 

 

β-1,3-glucanase activity = 
Concentration  from  graph  ×final  volume  ×dilution  factor

Initial  weight  ×10
 

 

3.8.4. Chitinase (EC 3.2.1.14) 

Chitinase activity was determined according to the procedure described by 

Mahadevan and Sridhar (1982) with some modifications. 

i. Pointed gourd leaves (1 g) were dipped in liquid nitrogen immediately 

after harvesting. 

ii. The frozen leaves were crushed after 10 min in 5 ml of 0.5 M sodium 

acetate buffer (pH 5.2) containing 700 mg of PVP in a chilled mortar 

and pestle at 4°C. 

iii. Filtered through four-layered muslin cloth. 

iv. The filtrate was centrifuged at 10,000 g at 4°C for 15 min and the 

supernatant was used as crude enzyme source. 

v. The assay mixture contained 0.5 ml crude enzyme extract, 1 ml 

colloidal chitin (1.8 mg/ml) and 0.25 ml of 0.1M sodium acetate 

buffer. 

vi. The mixture was incubated at 37°C for 2 h. 

vii. Distilled water (1 ml) was added to 1 ml of reaction mixture and boiled 

for 10 min in a water bath and subsequently centrifuged at 5,000 g for 

3 min. 

viii. The supernatant (0.5 ml) was added to 0.1ml of 0.8 M Potassium 

tetraborate, boiled exactly for 3 min on a water bath and cooled. 
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ix. Thereafter, 3 ml of p-dimethyl amino benzaldehyde (DMAB) reagent 

was added and incubated at 37°C for 20 min. 

x. Absorbances (at 585 nm) were recorded immediately after incubation, 

in a UV-VIS Spectrophotometer (Systronics, Model no.118, India). 

xi. Enzyme activity was expressed as mg GlcNAc g-1 fresh weight tissue  

h-1. 

3.8.5. Poly-phenol oxidase (EC 1.14.18.1) 

Poly-phenol oxidase enzyme assay was done following the method of 

Sadasivam and Manickam (1996).  

i. One gram of fresh sample was dipped in liquid nitrogen for 10 

minutes and crushed in 5ml of 50mM Tris-HCl buffer (pH-7.2) 

containing 0.4M sorbitol and 1.0 mM NaCl. 

ii. Centrifuge homogenate at 12,000 g at 4°C for 10 minutes. 

iii. Take supernatant and is considered as crude enzyme. 

iv. After that, 2.5 ml of 0.1M sodium phosphate buffer (pH-6.5) and 

0.2ml of crude enzyme was mixed in a cuvette. 

v. The cuvette was placed in UV-VIS spectrophotometer and initial 

reading was adjusted to zero at 495 nm. 

vi. Then, 0.3 ml of 0.01M catechol was added to reaction mixture cuvette 

and changes in absorbance were recorded at 1 minute interval upto 5 

minutes. 

vii. The enzyme activity was expressed as change in absorbance [Enzyme 

activity = K*(∆A𝑚𝑖𝑛−1)µmol 𝑚𝑖𝑛−1𝑔−1 fresh weight tissue (K=0.272 for 

PPO). 

 

Polyphenol oxidase activity = 
K×∆O.D.×Final  volume  ×dilution  factor  ×10

Initial  weight  ×1 minute
 

*where K= 0272 for polyphenol oxidase 

3.9. Quantification of transcripts of defense related genes from pointed 

gourd plants by semiquantitative reverse transcriptase polymerase 

chain reaction (RT-PCR) 

3.9.1. Preparation and application of inducer-chemicals on pointed 

gourd plants 
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i. One-month old pointed gourd plants (of variety Swarna alaukik) were 

taken in pots of 30 cm diameter. 

ii. Seven different chemicals viz. AABA, BABA, GABA, BTH, SA, ABA and 

H2O2 were used as inducers to elicit resistance in the plants. 

iii. Each chemical was dissolved in sterile distilled water (10-3 M) and were 

applied separately on lower leaves of one month old plants using hand 

sprayer leaving 3–4 top most leaves. The treated plants were labeled 

appropriately. The elicitors were augmented with Tween-20 before 

spraying in order to ensure adhering. 

iv. The entire experiment was performed with appropriate controls in two 

sets (‘chemical inducer treated’ and ‘untreated control plants’) for each 

inducer. Plants were maintained in green house in a sterile environment 

under normal daylight condition throughout the experiment to avoid 

contamination. 

v. The upper leaves of ‘treated’ and ‘untreated-control’ were harvested for 

studying expression of defense related genes after 72 hr of post-

treatment.  

3.9.2. Extraction of total RNA  

Total RNA was extracted from the leaves of inducer (AABA, BABA, GABA, 

BTH, SA, ABA and H2O2) sprayed pointed gourd plants and ‘untreated 

control’ plants following the method of Chomczynski and Mackey (1995) 

described in section 3.6.1.1. 

3.9.3. Quantification of RNA 

Extracted RNA was then quantified by taken absorbances at wavelengths of 

260 nm. The standard value of 1 OD at 260 nm corresponds to 40 ng/µl of 

ssRNA. For quantification of the RNA purified from the ‘treated’ and 

‘untreated control’ plants, the RNA sample (10 µl) was diluted in 490 µl 

nuclease free water and absorbance was recorded at 260 nm in UV-Visible 

spectrophotometer (Varian, Australia). The RNA yield was measured. 

Concentration of RNA sample = 40 X A260 X dilution factor 

3.9.4. Agarose gel electrophoresis of extracted RNA 
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Agarose gel Electrophoresis was done at 5V/cm in 1% (w/v) agarose gels in 

1X Tris Acetic acid EDTA (TAE) buffer for 60 min for visualization of RNA 

under UV- Transilluminator (GeNei, Bengalore). 

3.9.5. Isolation of housekeeping gene (26S rDNA) as a reference gene 

for expression study 

The 26S rDNA gene was used as a reference gene for the expression 

analysis. The gene was isolated by extracting the RNA from pointed gourd 

plant as suggested in the section 3.9.2 and amplified by RT-PCR using 

specific primers (F: CACAATGATAGGAAGAGCCGAC and R: 

CAAGGGAACGGGCTTGGCAGAATC). For amplification one Step M-MuLV 

RT-PCR kit was used (Genei, Bangalore) following the manufacturer’s 

protocol (section 3.6.1.4). The amplified products were sent for sequencing 

to Chromous Biotech Pvt. Ltd., Bangalore, India. The nucleotide (nt) 

sequence was aligned using ClustalW 1.6 (Thompson et al., 1994) and 

submitted in the GenBank (Acc. No- MN176624) after BLASTn analysis 

(Altschul et al., 1997).  

3.9.6. RT-PCR (Reverse Transcriptase-PCR) from total RNA 

For the semi-quantitative analysis, Resistance gene analog (PGRGA), PAL, 

peroxidase, chitinase, β-1,3-glucanase, PPO and 26S rDNA genes were 

amplified from the extracted RNA of inducer treated plants and untreated 

control plants using One Step M-MuLV RT-PCR kit (Genei, Bangalore) 

following the manufacturer’s protocol (section 3.6.1.4). Gene specific 

degenerate primers were used (table 3.4) for the amplification.  

Table. 3.4: List of primer used for Reverse Transcriptase PCR 

amplification 

Primer name Primer sequence 

PGRGA 
F: 5′-GGIGGIGTIGGIAAIACIAC-3′ 

R: 5′-IAGIGCIAGIGGIAGICC-3′ 

PAL 
F: 5’-ACAACAATGGGTTGCCATCGAATC-3’ 

R: 5’-ACTTGGCTAACACTGTTCTTGACA-3’ 

Chitinase 
F: 5’-GCCGCYTTYYTBGCKCARAC-3’ 

R: 5’-TGNGSNGTCATCCAYAACCA-3’ 

β-1,3-Glucanase 
F: 5’-TAYATHGCNGTWGGNAAYGA-3’ 

R: 5’-CCANCCRCTYTCNGAHACMAC-3’ 
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3.9.7. Agarose gel electrophoresis of amplified defense related gene 

product 

After amplification the products were electrophoresed at 5V/cm through 

1.2% (w/v) agarose gels in 1X Tris Acetic acid EDTA (TAE) buffer and 

visualized under UV transilluminator following ethidium bromide staining of 

the gel (70 min in 1 µg/ml ethidium bromide). 

3.9.8. Digital analysis of Reverse Transcriptase PCR electrophoresis gel 

The gel images of the amplicons (RT-PCR bands) were captured under 

ultraviolet light by camera (Canon EOS 3000D DSLR, Taiwan). All the 

experimental conditions and parameters used were kept constant 

throughout the study. The image was then saved (in tiff. format) on a 

computer for digital image analysis using ImageJ software version 1.5.2v 

(Schneider et al., 2012). 

3.9.9. Statistical analysis: Statistical analysis (Standard deviation and 

Standard error) was done by using Microsoft Office Excel 2007. 

Primer name Primer sequence 

POX 
F: 5’-GAYTGCTTYGTYGATGGGTGYGATG-3’ 

R: 5’-ADDTTGCYCATCTTBAYCATRG-3’ 

PPO 
F: 5’-CCDTTCTGGAAYTGGATTC-3’ 

R: 5’-CNGCNGAGTAGAAGTTSCCC-3’ 

26S  rDNA 
F: CACAATGATAGGAAGAGCCGAC 

R: CAAGGGAACGGGCTTGGCAGAATC 

F-Forward primer; R- Reverse primer 
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4. RESULTS 

4.1. Chapter-I: Fungal diseases of Trichosanthes dioica 

4.1.1. Survey of fungal diseases in sub-Himalayan West Bengal 

At the onset of the present study, different districts of sub-Himalayan West 

Bengal (Darjeeling, Jalpaiguri, Kalimpong, Alipurduar, Coochbehar and 

Uttar Dinajpur) were surveyed for occurrence of the fungal diseases in 

Trichosanthes dioica. On the basis of disease severity and diversity of 

symptoms, 13 locations of sub-Himalayan West Bengal were selected (Fig. 

4.1). Six locations (or fields/plots) were selected from district of Darjeeling. 

Another six locations were selected from three different districts (2 each 

from each district) such as Jalpaiguri, Alipurduar and Uttar dinajpur. One 

location was also selected from Coochbehar district. Locations have been 

shown in Table. 3.1 in materials and methods.  

4.1.1.1. Disease symptoms of T. dioica of Darjeeling district 

During the survey of Kharibari, symptoms were found as yellow superficial 

discoloration on leaves which gradually turned dark brown. Finally the 

affected areas of leaves showed necrotic spots. Lesions also developed on the 

petiole and that led to defoliation. In extreme case of infection, plants 

showed necrosis in the early stages of growth which resulted in considerable 

yield loss (Fig. 4.2, A). At the time of survey of Phansidewa, yellow spots 

were observed on the lamina of the affected plants. Those spots gradually 

increased in size and at maturity, covered the whole lamina. Gradually the 

colour of the spots became brown. The spots were also appeared on the 

petioles. Finally, the whole plant dried (Fig. 4.2, F). In another cultivated 

plot of Phansidewa, severe loss of plants occurred by a disease with 

anthracnose like symptoms, (i.e. light yellowish, small sized round to 

irregular sunken spots appeared on the leaves) which gradually increased in 

size and became brown with yellow halo in the margins of the spots. The 

lesions on the fruits were circular, yellow-brown, necrotic and sunken (Fig. 

4.3, A). A fruit rot disease was also observed in some cultivated plots of 
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Phansidewa. Premature fruits showed yellowing which led to rotten 

appearances. Leaves also showed disease symptoms of white patches all 

over the lamina, which gradually increased in size and finally led to decay of 

plant (Fig. 4.3, C). In experimental plots of Salkavita, one disease symptom 

was found where premature fruits just after emerging showed yellowing and 

led to shrinking and decay. Leaves also showed yellow patches, which 

gradually enlarged and finally the leaves became dry (Fig. 4.3, D). In the 

fields of Guabari, fruit rot disease was observed, where premature fruits 

showed rotting. In some cases young fruits detached from the plants. Leaves 

also showed disease symptoms as white small circular to oval spots, which 

later enlarged and finally became necrotic (Fig. 4.3, F). 

4.1.1.2. Disease symptoms of T. dioica of Jalpaiguri district 

During survey, some plants of Dhupguri, showed small, circular, necrotic 

spots on leaves which later developed into typical concentric rings. Later, 

these spots coalesced and caused blighting of leaves. Spots were initially 

light brown and later turned into dark brown. There were sunken spots with 

concentric rings on the stems. In severe case of infection defoliation was 

found to occur subsequently flower buds and branches were also dried (Fig. 

4.2, E). In Kranti, plants showed severe disease symptoms that led to drying 

of the plant. Initial brown dot like spots later surrounded with a pale yellow 

halo. Finally, whole lamina became yellow and plants showed premature 

drying (Fig. 4.3, G). 

4.1.1.3. Disease symptoms of T. dioica of Alipurduar district 

Some fields of Falakata were surveyed. In Falakata white small circular to 

oval spots on the leaves were evident, that later enlarged and finally became 

necrotic. Fruits of the infected plants were also affected and showed rotten 

patches (Fig. 4.2, B). In the fields of Birpara, yellow spots were visible on leaf 

margins that gradually expanded to cover almost the whole leaf (between the 

veins). Later, the lesion along the margin turned brown and defoliated. Tiny 

black spots of pycnidia were scattered throughout the brown lesion (Fig. 4.2, 

D). 



74 
 

4.1.1.4. Disease symptoms of T. dioica of Uttar dinajpur district 

In Islampur, yellow spots were observed on young leaves of some plants 

which gradually spread throughout the leaves with scattered tiny black dot 

like appearance. Expanded spots showed grey rings. Subsequently, whole 

lamina became necrotic and finally defoliated (Fig. 4.2, C). Another leaf spot 

disease was also observed in some cultivated fields of Islampur. This disease 

was found initially as yellow small circular spots on the leaf surface. As the 

disease advanced, the yellow spot turned into brown, and spread all over the 

lamina. Gradually, the colour of the leaves changed to brown and finally 

became dry. Small sized black fruiting bodies were also observed under the 

surface of the leaves (Fig. 4.3, B). 

4.1.1.5. Disease symptoms of T. dioica of Coochbehar district 

In the fields of Dinhata, another type of disease symptom was observed. In 

that case diseased plants showed curling and distortion of leaves. At the 

onset of the disease, yellow spots were found on the lamina. The spots 

gradually increased in size and showed brown concentric rings which finally 

became dry (Fig. 4.3, E). 
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  Fig. 4.1:  Map of northern West Bengal and 1–13: Regions of collection of infected plant 
samples from different districts of northern West Bengal. 
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Fig. 4.2: Naturally infected pointed gourd leaves and fruit samples collected from: 

(A) Khoribari; (B) Falakata; (C) Islampur; (D) Birpara; (E) Dhupguri and (F) Phansidewa. 
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Fig. 4.3: Naturally infected pointed gourd leaves and fruit samples collected from: 

(A) Phansidewa; (B) Islampur; (C) Phansidewa; (D) Salkavita; (E) Dinhata; (F) Guabari and 

(G) Kranti. 
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Table 4.1: Disease incidence of pointed gourd plants in different 

farmar’s fields of sub-Himalayan West Bengal.  

Place of sampling % Disease incidence* 

Darjeelng district 

 Khoribari 

 Phansidewa (North) 

 Phansidewa (South) 

 Phansidewa (East) 

 Salkavita 

 Guabari 

Jalpaiguri district 

 Dhupguri 

 Kranti 

Uttar-dinajpur district 

 Islampur 

 Islampur 

Aipurduar district 

 Falakata 

 Birpara 

Coochbehar district 

 Dinhata 

 

30% 

20% 

35% 

25% 

20% 

40% 

 

25% 

20% 

 

35% 

20% 

 

 

25% 

40% 

25% 

 

 During the survey several leaf and fruit samples were collected from 

the infected fields and were brought to the laboratory. Pathogens were 

isolated following the method as mentioned in materials and methods 

(section 3.2.2.). Isolated pathogens were sub-cultured and tested for their 

identity under compound microscope. Thirteen pathogens were isolated. The 

pathogens along with code have been listed in table 4.2. The disease 

symptoms and their places of occurrences (locations) have also been 

mentioned in the table. Isolate codes were also assigned for convenience. 

*On the basis of visual observations 
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Initial morphological identification was confirmed following ITS, 28S and 

Actin gene sequence studies following BLASTn analysis. 

Table. 4.2: Isolated fungal pathogens from Trichosanthes dioica from 

different locations of sub-Himalayan West Bengal. 

Isolate 

code 

Place of 

collection 

(Location) 

Brief description of 

symptoms 

Identification of 

isolated fungus 

(following ITS, 

28S and Actin 

sequence studies) 

 

KHBR 

 

Kharibari 

Yellow to brown superficial 

discoloration on leaves, 

petioles and stems. Finally 

turned into necrotic spots. 

 

Curvularia 

spicifera 

 

PG-Ph 

 

Phansidewa 

(North) 

Premature fruits showed 

yellowing which led to rotten 

appearances. Leaves showed 

white patches all over the 

lamina, which gradually 

increased in size and finally 

led to decay plant. 

 

Fusarium 

oxysporum 

 

 

 

PG-Pha 

 

 

 

Phansidewa 

(South) 

Plants showed anthracnose 

like symptoms i.e., light 

yellowish, small sized round to 

irregular sunken spots 

appeared on the leaves, which 

gradually increased in size and 

became brown with yellow 

halo in the margins of the 

spots. The lesions in the fruits 

were circular, yellow-brown, 

necrotic and sunken 

 

 

 

Colletotrichum 

orbiculare 
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Isolate 

code 

Place of 

collection 

(Location) 

Brief description of 

symptoms 

Identification of 

isolated fungus 

(following ITS, 28S 

and Actin sequence 

studies) 

 

 

PG-Tau 

 

 

Phansidewa 

(East) 

Yellow spots were observed 

on the lamina of the affected 

plants. Gradually the colour 

of the spots became brown 

and increase in size. Finally, 

the whole plant dried 

 

 

 

 

 

Curvularia lunata 

 

PG-Gar 

 

Salkavita 

Pre-mature fruits showed 

yellowing and led to 

shrinking and decay. Leaves 

also showed yellow patches 

and became dry. 

 

Curvularia aeria 

 

 

PG-Gua 

 

 

Guabari 

Fruit rot disease was 

observed, in premature as 

well as mature fruits. Leaves 

showed disease symptoms 

as white small circular to 

oval spots, which later 

enlarged and finally became 

necrotic. 

 

 

 

Fusarium equiseti 

Table. 4.2 (Contd): Isolated fungal pathogens from Trichosanthes dioica 

from different locations of sub-Himalayan West Bengal. 
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Isolate 

code 

Place of 

collection 

(Location) 

Brief description of 

symptoms 

Identification of 

isolated fungus 

(following ITS, 28S 

and Actin sequence 

studies) 

 

 

PG-

WD1 

 

 

Dhupguri 

Plants showed small, light 

to dark brown, circular, 

necrotic spots on leaves 

which later developed into 

typical concentric rings. 

Later, these spots coalesced 

and caused blighting of 

leaves. 

 

 

 

 

Alternaria alternata 

 

 

PG-Kra 

 

 

Kranti 

Initially, brown dot like 

spots appeared which later 

surrounded with a pale 

yellow halo. And finally, 

whole lamina became 

yellow and plants showed 

premature drying. 

 

 

Alternaria tenuissima 

 

 

PGISH 

 

 

Islampur 

Yellow spots were observed 

on young leaves with 

scattered tiny black dots 

like appearance. Expanded 

spots showed grey rings. 

Subsequently, complete 

lamina became necrotic 

and defoliation occurred. 

 

 

 

Periconia 

macrospinosa 

Table. 4.2 (Contd): Isolated fungal pathogens from Trichosanthes dioica 

from different locations of sub-Himalayan West Bengal. 
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Isolate 

code 

Place of 

collection 

(Location) 

Brief description of 

symptoms 

Identification of 

isolated fungus 

(following ITS, 28S 

and Actin sequence 

studies) 

 

 

PG-Ish 

 

 

Islampur 

Yellow small circular spots 

observed on the leaf surface 

which gradually turned into 

brown, and spread all over 

the lamina. Small sized 

black fruiting bodies were 

also observed under the 

surface of the leaves. 

 

 

Curvularia 

verruciformis 

 

PGAL 

 

Falakata 

White small circular to oval 

spots appeared on the leaves 

which became necrotic. 

Fruits of the infected plants 

showed rotten patches. 

 

 

 

Fusarium equiseti 

 

PGALD 

 

Birpara 

Yellow spots were visible on 

leaf margins that gradually 

expanded to cover almost 

the whole leaf (between the 

veins) and later turned into 

brown and defoliated. 

 

Ascochyta 

medicaginicola 

 

PG-WD2 

 

Dinhata 

Leaves showed yellow to 

brown, curled, distorted 

symptoms, which finally led 

to drying of whole plant. 

 

Alternaria destruens 

Table. 4.2 (Contd): Isolated fungal pathogens from Trichosanthes 

dioica from different locations of sub-Himalayan West Bengal. 
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4.2. Chapter-II: Pathogenicity of the isolated fungi  

There are a number of techniques for determining pathogenicity of a fungus 

isolated from a plant. Some of such techniques are Petri plate test method 

(Christensen et al., 1988), filterpaper method (Takahashi et al., 2009), 

detached leaf assay test (Pettitt et al., 2011), whole plant inoculation 

technique (Mbadianya et al., 2013), inoculation by spraying, infiltration, 

wounding, spore suspension drop and spore suspension drop along with 

agarose method (Giri et al., 2013) and inoculation by root dip and soil 

infestation (Guney and Guldur, 2018). In the present study, several fungi 

have been isolated. The isolated fungi are Curvularia spicifera, Fusarium 

equiseti, Aschochyta medicaginicola, Periconia macrospinosa, Fusarium 

oxysporum, Colletotrichum orbiculare, Curvularia lunata, Curvularia aeria, 

Curvularia verruciformis, Alternaria alternata, Alternaria tenuissima and 

Alternaria destruens. Isolated fungi were subjected to pathogenicity test 

following ‘whole plant inoculation technique’, ‘detached leaf inoculation 

technique’ and ‘fruit inoculation technique’. The above mentioned three 

techniques of pathogenicity tests have been discussed thoroughly in the 

Section 3.3 of materials and methods. Pointed gourd plant of variety 

‘Swarna aloukik’ was used for the experiments. The disease assessment 

procedures are also explained in the Section 3.3.3 of the materials and 

methods. Pathognicity of six fungi were done following whole plant 

inoculation technique. Pathogenicity of another four fungi was done by 

detached leaf inoculation technique. Another three fungi (isolated from 

fruits) were subjected to pathogenicity test on fresh whole fruits in detached 

conditions. 

4.2.1. Pathogenicity of six isolated fungi on whole plants following 

Whole plant inoculation technique 

The whole plant inoculation technique was used to ensure the pathogenicity 

of Curvularia spicifera, Fusarium equiseti, Aschochyta medicaginicola, 

Alternaria alternata, Alternaria tenuissima and Alternaria destruens in one 

month old plants. The details of the experiment have been discussed in the 

materials and methods (Section 3.3.2.2) and also have been shown in the 

Figure (Fig 4.4). Assessment of disease was done after 2 days, 4 days, 6 
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days, 8 days and 10 days post-inoculation. The number of lesions developed 

on the leaves was counted and the diameter of each developed lesion was 

measured. By following the method of Sinha and Das (1972) the disease 

assessments were computed. Computation procedure has been discussed in 

the Section 3.3.3.2 of the materials and methods. From the results (Table 

4.3) of disease assessments it was found that the pointed gourd variety 

‘Swarna aloukik’ was very much susceptible to the fungi. From the mean 

disease index/plant value it was evident that, the plant was highly 

susceptible to Fusarium equiseti as it showed drying of whole plant within 

eight days of inoculation. The variety was susceptible to Curvularia spicifera, 

which showed a disease index of 6.05 after ten days of inoculation. Other 

four fungi tested were moderately susceptible. On the other hand, plants of 

control set-up did not show any disease symptoms even after 15 days.  

 

Table 4.3: Pathogenicity of six fungi on whole plants of pointed gourd 

 

Fungi 

 

Mean foliar disease index/plant* 

                   Incubation periods (Days) 

2 4 6 8 10 

Curvularia 
spicifera 

 

0.13±0.01 

 

1.80±0.06 

 

3.66±0.01 

 

4.32±0.99 

 

6.05±0.01 

Alternaria 
alternata 

 
0.26±0.06 

 
1.35±0.01 

 
2.48±0.01 

 
2.60±0.01 

 
3.52±0.01 

Ascochyta 
medicaginicola 

 
0.33±0.01 

 
0.89±0.02 

 
1.22±0.01 

 
1.65±0.01 

 
2.31±0.01 

Fusarium 
equiseti 

 

0.27±0.03 

 

1.82±0.67 

 

2.10±0.01 

 

2.76±0.01 
 

** 

Alternaria 
destruens 

 

0.15±0.01 

 

0.95±0.01 

 

1.33±0.01 

 

2.23±0.01 

 

2.83±0.06 

Alternaria 
tenuissima 

 
0.12±0.01 

 
0.89±0.02 

 
1.04±0.02 

 
1.72±0.01 

 
2.38±0.01 

Control 0 0 0 0 0 

* Mean of 3 replications, Data after ± represent standard error values. 
** Data could not be recorded as the plants completely dried. 

 



85 
 

 

 

 

 

4.2.2. Detached leaf inoculation 

The detached leaf inoculation technique was used to confirm the 

pathogenicity of Periconia macrospinosa, Curvularia lunata, Curvularia aeria 

and Curvularia verruciformis. The fresh young fully expanded detached 

leaves of ‘Swarna aloukik’ variety of pointed gourd were used for this study. 

The whole study was done following the description of Dickens and Cook 

(1989) with certain modifications and has been described in details in 

materials and methods (Section 3.3.2.1) and also showed in Figure (Fig 4.5). 

The assessment of disease on leaves was done after 1, 3, 5 and 7 days of 

inoculation. The number of the lesions developed on the leaves was counted 

Fig. 4.4: Whole plant inoculation and disease assessment:  
A & B: Control plants of Swarna aloukik variety of T. dioica.  

C & D: Swarna aloukik variety plants after 6 days of inoculation by Fusarium 
equiseti. [C. Whole plant inoculated with fungi; D. Plant after 3 days of inoculation]  
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and the diameter of each lesion was measured. The percentage of lesions 

was then calculated and the details of the calculation have been discussed 

in the materials and methods (Section 3.3.3.1). From the results it is evident 

that the ‘Swarna aloukik’ variety was susceptible to all the four fungi tested. 

From the percentage of lesion presented in the table (Table 4.4), it was 

evident that the virulence of Periconia macrospinosa was much higher than 

that of other three fungi tested. P. Macrospinosa showed 79.6±0.96% lesion 

formation after 72 h of inoculation. Under similar condition Curvularia 

lunata, Curvularia verruciformis and Curvularia aeria produced 

33.30±0.36%, 32.60±0.72% and 27.8±0.6% lesions respectively. 

 

Table 4.4: Pathogenicity of the 4 isolated fungi on detached leaves of pointed 

gourd. 

 

Fungi 
 

1 Lesion formed on the leaves (%) 
2 Mean of the diameter of 

lesion (mm) 

Incubation periods (Hrs) Incubation periods (Hrs) 

24 h 48 h 72 h 24 h 48 h 72 h 

Periconia 
macrospinosa 41.25±0.53 

60.91±0.
41 

79.60±0.9
6 

1.40±0.2
0 

3.5.0±0.
11 

8.16±0.
72 

Curvularia 
lunata 0 

25.83±0.
62 

33.30±0.3
6 

0 
1.20±0.2

0 
2.5.0±0

.2 

Curvularia 
verruciformis 0 

20.0±0.5

2 

32.60±0.7

2 
0 

1.10±0.2
0 

2.7.0±0.
10 

Curvularia 
aeria 0 18.0±0.5 27.8±0.6 0 0.8±0.30 

1.70±0.
10 

Control 0 0 0 0 0 0 

1 Mean of 3 replications. b2Mean of 30 lesions. 
Data after ± represent standard error values. 

 

4.2.3. Inoculation on fruits  

The fruit inoculation technique was used to confirm the pathogenicity of the 

fungi isolated from the rotten fruits viz. Fusarium equiseti, Fusarium 

oxysporum and Colletotrichum orbiculare. Healthy fruits of ‘Swarna aloukik’ 

variety of pointed gourd plant were used for this study. The technique has 

been described in details in materials and methods (Section 3.3.2.3). 

Photographic representation of experimental set up has been done in Fig. 

4.6. Assessment of disease incidence in fruits was done after 24, 48, and 72 
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hours of inoculation. Details of disease assessment procedure have been 

described in the materials and methods (Section 3.3.3.3). Incidence of 

disease was graded in to four groups such as ‘0’. ‘+’, ‘++’ and ‘+++’. Results 

have been presented in the table 4.5. From the results it is evident that, the 

fruits were susceptible towards all the three tested pathogens. Among them, 

Fusarium equiseti and Colletotrichum orbiculare showed slightly higher 

disease incidence up to eight days. However, after 10 days all the three fungi 

showed similar disease incidence grades (+++).  

 

Table 4.5: Pathogenicity of three fungi on pointed gourd fruits. 

 

 

 

 

 

 

 

 

    Fungi* 

 

Disease incidence in fruits (in grades**) 

Incubation period (Days) 

2 4 6 8 10 

Fusarium 

equiseti 
0 + ++ +++ +++ 

Fusarium 

oxysporum 
0 + + ++ +++ 

Colletotrichum 
orbiculare 

0 + ++ +++ +++ 

Control  0 0 0 0 0 

*Originally isolated from pointed gourd fruits. 
**Disease grades ‘0’ = no yellowing; ‘+’= yellowing just started; 

 ‘++’ = yellowing turned to orange;  
‘+++’ = fruit became brown, necrosis occurred.  
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Fig. 4.5: Detached leaf inoculation and disease assessment: 

A & B. Control leaves 

C. Leaves just after inoculation; D. Leaves after 4 days of inoculation. 

Fig. 4.6: Fruit inoculation: 

A. Control fruits at the time of experimental setting; B. Control fruits 

after 3 days of experimental setting. 
C. Fruits just after inoculation; D. Fruits after 3 days of inoculation. 
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4.3. Chapter III: Morphological, physiological and molecular 

characterization of the isolated pathogens 

4.3.1. Studies on morphology of the pathogens and their molecular 

characterization 

Thirteen fungal isolates viz. Curvularia spicifera, Fusarium equiseti, 

Ascochyta medicaginicola, Periconia macrospinosa, Fusarium oxysporum, 

Colletotrichum orbiculare, Curvularia lunata, Curvularia aeria, Curvularia 

verruciformis, Alternaria alternata, Alternaria destruens, Alternaria 

tennuisima and Fusarium equiseti was grown in potato dextrose agar (PDA) 

media and morphology of the pathogens along with colony characteristics, 

mycelial growth and sporulation was observed. 

For the microscopic observations of all the thirteen isolated 

pathogens, mycelia of each isolate was taken in slides and stained with 

cotton-blue in lacto-phenol. The slides were then mounted with cover glass, 

and observed under compound microscope. The detailed procedure of the 

microscopic studies has been described under materials and methods 

(section 3.4.1.2). 

 Curvularia spicifera (Assigned code KHBR) produced olive gray 

mycelial mats on PDA after 5 days of inoculation (Fig. 4.7. A). In microscopic 

study, erect conidiophores with dark brown pigmentation were observed 

which were branched, with geniculate and sympodial elongations. Light 

brown, oblong to cylindrical conidia with 2 to 3 transverse septa were 

attached to the conidiophores singly or in clusters (Fig. 4.8. A).  

Fusarium equiseti (Assigned code PGAL) generated white mycelial mats 

on PDA after 5 days of inoculation which after sporulation became pink in 

colour (Fig. 4.7. B). In colonies, abundant, loosely floccose, white mycelium 

was observed. Under light microscope macroconidia were observed bearing 5 

to 6 septa. Macroconidia were 30–40 μm long, possessed dorsiventral 

curvature, tapered and elongated apical cell. Microconidia were scanty (Fig. 

4.8. B). 

Ascochyta medicaginicola (Assigned code PGALD) made white velvety 

mycelial mats on PDA after 5 days of inoculation. The colonies were 

gradually turned grey after sporulation (Fig. 4.7. C). Conidia were hyaline, 
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2–3 septate, 4–8 μm long and 1.5–3 μm wide, thin and smooth walled, 

ellipsoidal to cylindrical conidia with both rounded ends (Fig. 4.8. C). 

Periconia macrospinosa (Assigned code PGISH) produced grey to black 

mycelial mats on PDA after 5 days of inoculation (Fig. 4.7. D). Conidia were 

18–35 μm in diameter, dark brown to black, globose, borne singly or in 

short chains on simple or branched conidiophores and coarsely echinulate, 

spines, 2–7 μm in length, adhered close to one another (Fig. 4.8. D). 

Fusarium oxysporum (Assigned code PG-Ph) given rise to white 

mycelial mats on PDA after 5 days of inoculation which after sporulation 

produced pink colouration (Fig. 4.7. E). The microscopic observation showed 

straight to slightly curved, thin walled macroconidia with curved apical cell 

varied in size 30–60 μm with three septa. Abundant, oval to ellipsoidal or 

kidney shaped and usually aseptate microconidia were also found (Fig. 4.8. 

E). 

Colletotrichum orbiculare (Assigned code PG-Pha) generated white 

mycelial mats on PDA after 5 days of inoculation which became gray as the 

cultures aged on PDA.  (Fig. 4.7. F). The cultures developed black acervuli 

around the center of the colony. Setae were brown in colour, 1–5 septate, 

40–100 µm long. Conidia were hyaline, aseptate, cylindrical to oblong, with 

one end round and the other truncated, 4–10 µm in length (Fig. 4.8. F). 

Curvularia verruciformis (Assigned code PG-Ish) made gray to black 

mycelial mats on PDA after 5 days of inoculation (Fig. 4.7. G). The mycelium 

was pale brown to black in colour, branched and septate. The conidia were 

20–50 μm long, 3–4 septate, ovoid, curved, brown and thick walled. The 

middle cells were larger while the apical cells were conical in shape (Fig. 4.8. 

G). 

Curvularia aeria (Assigned code PG-Gar) produced gray to black 

mycelial mats on PDA after 5 days of inoculation (Fig. 4.7. H). Conidia were 

straight to curved, ellipsoidal, 3-septate, rarely 4-septate, middle cells broad 

and darker than other two end cells, 20 to 50 μm in length. Conidiophores 

were terminal and lateral on hyphae, simple or branched, straight, often 

geniculate, septate, pale brown to brown (Fig. 4.8. H). 
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 Curvularia lunata (Assigned code PG-Tau) gave rise to dark brown 

colonies with stroma on PDA after 5 days of inoculation (Fig. 4.7. I). Septate 

condiophores were unbranched or simple and geniculate with dark brown 

scar. Brown conidia were straight to pyriform with 3–4 cells, central cells 

were large in size, ranging in size 20 to 50 μm and formed apically (Fig. 

4.8.I). 

Alternaria alternata (Assigned code PG-WD1) developed white colonies 

on PDA after 5 days of inoculation which gradually became gray or brown 

(Fig. 4.7. J). Conidia were pale-brown to dark brown in colour, obclavate to 

obpyriform, showing a short conical beak at the tip, and were 20–50 μm 

with 3 to 7 transverse and upto 4 vertical septa. Conidiophores were single, 

straight or curved apically (Fig. 4.8. J).  

Alternaria destruens (Assigned code PG-WD2) generated white colonies 

on PDA after 5 days of inoculation which gradually became gray or brown 

(Fig. 4.7. K). Conidia of the fungus were in long chains with four to eight 

spores. Conidia of the fungus were 20–50 μm in size, dark brown, typically 

obclavate to obpyriform or ellipsoid, with a short conical beak at the tip. 

Conidia had two to six transverse septa and one to three longitudinal septa 

(Fig. 4.8. K).  

Alternaria tenuissima (Assigned code PG-Kra) developed white colonies 

on PDA after 5 days of inoculation which gradually became gray or brown 

(Fig. 4.7. L). conidiophores appeared as pale brown in colour, singly or in 

clusters. Conidia were dark brown, obclavate or elliptical, and 20–60 μm, 

with four to seven transverse septa and one to three longitudinal septa (Fig. 

4.8. L).  

Fusarium equiseti (Assigned code PG-Gua) developed white colonies on 

PDA after 5 days of inoculation. Colonies after sporulation turned into pink 

(Fig. 4.7.M) and in the colonies, abundant, loosely floccose, white mycelia 

were observed. Macroconidia were 20–50 μm long, with 5 to 6 septa. 

Macroconidia was observed with a pronounced dorsiventral curvature, 

tapered and elongated apical cell, and prominent foot-shaped cell was also 

observed. Microconidia were absent (Fig. 4.8. M).  
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Fig. 4.7: Pure cultures of the pathogenic isolates in PDA plates after 7days of 
incubation. (A) Curvularia spicifera (B) Fusarium equiseti (C) Ascochyta medicaginicola 

(D) Periconia macrospinosa (E) Fusarium oxysporum (F) Colletotrichum orbiculare (G) 
Curvularia verruciformis (H) Curvularia aeria (I) Curvularia lunata (J) Alternaria 

alternata (K) Alternaria destruens (L) Alternaria tenuissima (M) Fusarium equiseti. 
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Fig. 4.8: Spores of different fungal isolates under light microscope (40X) (A) Curvularia 
spicifera (B) Fusarium equiseti (C) Ascochyta medicaginicola (D) Periconia macrospinosa (E) 
Fusarium oxysporum (F) Colletotrichum orbiculare (G) Curvularia verruciformis (H) Curvularia 
aeria (I) Curvularia lunata (J) Alternaria alternata (K) Alternaria destruens (L) Alternaria 

tenuissima (M) Fusarium equiseti. 
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4.3.2. Different culture conditions affecting the mycelial growth and 

sporulation of the isolated pathogens 

The In vitro study of mycelia growth and sporulation of all the thirteen 

fungal isolates were done in seven different solid growth media and in two 

(pH and temperature) different culture conditions. The detailed results of the 

whole study have been represented in the following sections. 

4.3.2.1. Mycelial growth and sporulation of isolated pathogens in 

different growth media   

For the evaluation of the mycelial growth and sporulation of all the thirteen 

fungal isolates viz. Curvularia spicifera, Fusarium equiseti, Ascochyta 

medicaginicola, Periconia macrospinosa, Fusarium oxysporum, Colletotrichum 

orbiculare, Curvularia lunata, Curvularia aeria, Curvularia verruciformis, 

Alternaria alternata, Alternaria destruens, Alternaria tennuisima and 

Fusarium equiseti in solid media, seven different media viz. Potato dextrose 

agar (PDA), Oat meal agar (OMA), Yeast extract manitol agar (YEMA), Malt 

extract agar (MEA), Pointed gourd dextrose agar (PGDA), Czapek Dox agar 

(CDA) and Richards’s agar (RA) were used. Experiments were performed with 

three replications. Detailed procedure of the experiments has been 

presented under materials and methods (Section 3.5.1).  

From the results, it was evident that PDA is the best medium for 

vegetative growth for all the tested fungi. In PDA after 10 days of incubation 

the vegetative growth of different fungi was recorded (Table 4.6–4.18). 

Maximum radial growth (85± 0.58 mm) was recorded in case of growth of 

Curvularia spicifera (Table. 4.6). Minimum radial growth (55.67± 0.67 mm) 

was recorded in case of Periconia macrospinosa. Nine fungi showed 

approximately 84 mm growth. They are Fusarium equiseti, Colletotrichum 

orbiculare, Curvularia aeria, Curvularia verruciformis, Alternaria alternata, 

Alternaria destruens, Alternaria tennuisima and Fusarium equiseti. One 

fungus showed 83.67± 0.33 mm growth. Ascochyta medicaginicola showed 

radial growth of 59.33± 0.33 mm. After the experiment PDA, OMA and PGDA 

were found to be good for growth of all the 13 fungi. All the thirteen fungi 
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best sporulated in OMA followed by PGDA. Sporulation of all the tested fungi 

in PDA medium was comparatively less than OMA and PGDA. 

Table: 4.6. Growth and sporulation of Curvularia spicifera (KHBR) in 

different culture media 

 

*Values are mean of 3 replications. 

Sp** = Sporulation, where, ‘ –’ = Nil, ‘+’ = poor, ‘++’ = fair, ‘+++’ = good, ‘++++’ = excellent. 

Standard error values are represented after data as ‘’. 

Incubation temperature for the experiment is 28 2oC. 

 

Table: 4.7. Growth and sporulation of Fusarium equiseti (PG-Gua) in 

different culture media 

  

 

Growth media 

Radial growth diameter (mm)* and sporulation 

2 (Days) 4 (Days) 6 (Days) 8 (Days) 10 (Days) 

Growth Sp*

* 
Growth Sp*

* 
Growth Sp*

* 
Growth Sp*

* 
Growth Sp** 

Potato dextrose 

agar 

14.00±0.5

8 

- 35.33±0.3

3 

- 44.67±0.8

8 

- 65.67±0.3

3 

+ 85.00±0.5

8 

++ 

Oat meal agar 
13.00±0.5

8 

- 32.67±0.8

8 

- 42.00±1.0

0 

+ 61.67±0.3

3 

++ 81.67±0.3

3 

+++

+ 

Yeast extract 

manitol agar 

12.33±0.3

3 

- 31.00±0.5

8 

- 41.00±0.5

8 

- 62.17±0.4

4 

+ 82.67±0.3

3 

++ 

Malt extract 

agar 

11.00±0.5

8 

- 32.00±1.1

5 

- 39.67±0.3

3 

+ 60.33±0.3

3 

++ 81.33±0.3

3 

+++ 

Pointed Gourd 

dextrose agar 

13.17±0.6

0 

- 30.67±0.6

7 

- 41.33±0.3

3 

+ 63.33±0.3

3 

++ 80.33±0.3

3 

+++ 

Czapek Dox 

agar 

12.00±0.5

8 

- 29.33±0.3

3 

- 39.87±0.5

9 

- 62.33±0.3

3 

+ 79.67±0.8

8 

++ 

Richards’s agar 
12.67±0.6

7 

- 28.67±1.2

0 

- 40.33±0.6

7 

- 61.67±0.3

3 

+ 79.33±0.6

7 

+ 

Growth media 

Radial growth diameter (mm)* and sporulation 

2 (Days) 4 (Days) 6 (Days) 8 (Days) 10 (Days) 

Growth Sp** Growth Sp
** 

Growth Sp
** 

Growth Sp
** 

Growth Sp** 

Potato dextrose 

agar 

13.67±0.

33 

- 34.33±0.

67 

- 44.67±0.3

3 

+ 64.67±0.3

3 

++ 84.67±0.

67 

+++ 

Oat meal agar 
12.33±0.

67 
- 32.33±0.

67 
- 40.67±0.6

7 
+ 61.33±0.8

3 
++
+ 

82.00±0.
58 

++++ 

Yeast extract 

manitol agar 

12.00±0.

58 

- 30.67±0.

33 

- 41.00±0.5

8 

- 62.00±0.5

0 

 

+ 

82.67±0.

33 

++ 

Malt extract 

agar 

11.83±0.

60 

- 31.33±0.

67 

- 39.67±0.3

3 

- 60.83±0.6

0 

+ 81.87±0.

47 

++ 

Pointed Gourd 

dextrose agar 

13.33±0.
67 

- 31.00±0.
58 

- 41.00±0.0
0 

+ 63.00±0.5
8 

++ 80.67±0.
33 

+++ 

Czapek Dox agar 
11.00±0.

00 
- 29.33±0.

33 
- 39.67±0.3

3 
+ 62.33±0.3

3 
+ 79.00±0.

58 
++ 

Richards’s agar 
12.00±0.

58 

- 27.67±0.

33 

- 39.33±0.3

3 

- 61.17±0.1

7 

+ 79.00±0.

58 

++ 

*Values are mean of 3 replications. 

Sp** = Sporulation, where, ‘ –’ = Nil, ‘+’ = poor, ‘++’ = fair, ‘+++’ = good, ‘++++’ = excellent. 

Standard error values are represented after data as ‘’. 

Incubation temperature for the experiment is 28 2oC. 
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Table: 4.8. Growth and sporulation of Ascochyta medicaginicola 

(PGALD) in different culture media 

 

*Values are mean of 3 replications. 

Sp** = Sporulation, where, ‘ –’ = Nil, ‘+’ = poor, ‘++’ = fair, ‘+++’ = good, ‘++++’ = excellent. 

Standard error values are represented after data as ‘’. 

Incubation temperature for the experiment is 28 2oC. 

 

Table: 4.9. Growth and sporulation of Periconia macrospinosa (PGISH) 

in different culture media 

 

*Values are mean of 3 replications. 

Sp** = Sporulation, where, ‘ –’ = Nil, ‘+’ = poor, ‘++’ = fair, ‘+++’ = good, ‘++++’ = excellent. 

Standard error values are represented after data as ‘’. 

Incubation temperature for the experiment is 28 2oC. 

 

Growth media 

Radial growth diameter (mm)* and sporulation 

2 (Days) 4 (Days) 6 (Days) 8 (Days) 10 (Days) 

Growth Sp** Growth Sp
** 

Growth Sp** Growth Sp
** 

Growth Sp** 

Potato dextrose agar 
12.33±0.

33 
- 27.33±0

.67 
- 38.67±0

.33 
- 48.67±0

.33 
- 59.33±0

.33 
+ 

Oat meal agar 
11.33±0.

33 
- 23.67±0

.88 
- 36.33±0

.67 
- 45.67±0

.67 
+ 55.60±0

.31 
++ 

Yeast extract manitol 

agar 

12.00±0.
58 

- 22.33±1
.20 

- 32.33±0
.67 

- 41.67±0
.33 

- 53.67±0
.33 

- 

Malt extract agar 
11.00±0.

58 
- 21.00±0

.58 
- 30.33±0

.33 
- 40.67±0

.33 
- 53.00±0

.58 
- 

Pointed Gourd 

dextrose agar 

11.33±0.

67 

- 23.67±0

.33 

- 32.00±0

.58 

- 44.33±0

.33 

- 51.93±0

.52 

+ 

Czapek Dox agar 
9.67±0.3

3 

- 21.67±0

.33 

- 29.33±0

.67 

- 39.67±0

.33 

- 49.67±0

.88 

- 

Richards’s agar 
9.33±0.3

3 
- 20.33±0

.33 
- 28.33±0

.33 
- 38.67±0

.67 
- 48.27±0

.37 
- 

Growth media 

Radial growth diameter (mm)* and sporulation 

2 (Days) 4 (Days) 6 (Days) 8 (Days) 10 (Days) 

Growth Sp** Growth 
Sp
** 

Growth Sp** Growth 
Sp
** 

Growth Sp** 

Potato dextrose agar 
11.00±0.

58 
- 

25.33±0
.33 

- 
34.67±0

.33 
- 

44.67±0
.33 

+ 
55.67±0

.67 
+ 

Oat meal agar 
10.33±0.

67 
- 

22.33±0
.33 

- 
32.33±0

.33 
- 

42.33±0
.33 

+ 
51.33±0

.33 
++ 

Yeast extract manitol 

agar 
8.67±0.6

7 
- 

18.33±0
.33 

- 
29.33±0

.33 
- 

39.33±0
.33 

- 
48.67±0

.67 
- 

Malt extract agar 
8.67±0.3

3 
- 

17.00±0

.58 
- 

28.27±0

.27 
- 

38.27±0

.27 
- 

48.33±0

.24 
- 

Pointed Gourd 

dextrose agar 
9.33±0.3

3 
- 

20.27±0
.27 

- 
30.07±0

.07 
- 

37.67±0
.33 

+ 
47.00±0

.58 
+ 

Czapek Dox agar 
7.67±0.3

3 
- 

18.20±0
.20 

- 
27.40±0

.23 
- 

36.00±0
.58 

- 
45.53±0

.29 
- 

Richards’s agar 
6.67±0.3

3 
- 

16.60±0
.31 

- 
25.67±0

.33 
- 

35.40±0
.31 

- 
44.33±0

.24 
 
- 
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Table: 4.10. Growth and sporulation of Fusarium oxysporum (PG-Ph) in 

different culture media 

 

*Values are mean of 3 replications. 

Sp** = Sporulation, where, ‘ –’ = Nil, ‘+’ = poor, ‘++’ = fair, ‘+++’ = good, ‘++++’ = excellent. 

Standard error values are represented after data as ‘’. 

Incubation temperature for the experiment is 28 2oC. 

 

Table: 4.11. Growth and sporulation of Colletotrichum orbiculare (PG-

Pha) in different culture media 

Growth media 

Radial growth diameter (mm)* and sporulation 

2 (Days) 4 (Days) 6 (Days) 8 (Days) 10 (Days) 

Growth Sp** Growth Sp** Growth Sp** Growth Sp** Growt
h 

Sp
** 

Potato dextrose agar 
14.33±0

.33 
- 34.33±0.3

3 
- 43.33±0.

33 
+ 63.33±0

.33 
++ 83.67±

0.33 
++
+ 

Oat meal agar 
14.67±0

.33 

- 35.67±0.3

3 

- 44.33±0.

33 

+ 65.33±0

.33 

+++ 85.33±

0.33 

++

++ 

Yeast extract manitol 

agar 

12.33±0
.33 

- 30.67±0.3
3 

- 41.00±0.
58 

- 61.17±0
.60 

+ 82.67±
0.33 

++ 

Malt extract agar 
11.33±0

.33 

- 30.33±0.3

3 

- 39.67±0.

33 

+ 60.33±0

.33 

+ 80.67±

0.33 

++ 

Pointed Gourd 

dextrose agar 

13.67±0
.33 

- 31.00±0.5
8 

- 40.67±0.
33 

+ 63.67±0
.33 

++ 79.67±
0.33 

++
+ 

Czapek Dox agar 
11.00±0

.58 

- 29.33±0.3

3 

- 39.67±0.

33 

- 63.33±0

.33 

+ 79.00±

0.58 

++ 

Richards’s agar 
11.67±0

.33 
- 27.67±0.3

3 
- 39.33±0.

33 
- 61.67±0

.33 
+ 79.00±

0.58 
+ 

 

*Values are mean of 3 replications. 

Sp** = Sporulation, where, ‘ –’ = Nil, ‘+’ = poor, ‘++’ = fair, ‘+++’ = good, ‘++++’ = excellent. 

Standard error values are represented after data as ‘’. 

Incubation temperature for the experiment is 28 2oC. 

 

Growth media 

Radial growth diameter (mm)* and sporulation 

2 (Days) 4 (Days) 6 (Days) 8 (Days) 10 (Days) 

Growth Sp** Growth Sp** Growth Sp** Growth Sp** Growt
h 

S
p** 

Potato dextrose agar 
15.00±0

.58 
- 34.33±0.6

7 
- 44.67±0.

33 
+ 64.67±0

.33 
++ 84.67±

0.67 
++
+ 

Oat meal agar 
13.00±0

.58 

- 32.33±0.6

7 

- 41.00±0.

58 

+ 62.00±0

.58 

++ 81.33±

0.88 

++

++ 

Yeast extract manitol 

agar 

12.00±0
.58 

- 31.00±0.5
8 

- 41.33±0.
33 

- 62.17±0
.44 

+ 83.67±
0.67 

++ 

Malt extract agar 
11.67±0

.33 
- 31.33±0.6

7 
- 39.67±0.

33 
- 60.67±0

.67 
+ 82.20±

0.61 
+ 

Pointed Gourd 

dextrose agar 

13.50±0
.29 

- 31.00±0.5
8 

- 41.33±0.
33 

+ 63.33±0
.33 

++ 81.00±
0.58 

++
+ 

Czapek Dox agar 
11.67±0

.33 
- 29.33±0.3

3 
- 39.67±0.

33 
- 62.33±0

.33 
+ 79.00±

0.58 
++ 

Richards’s agar 
11.67±0

.33 
- 28.33±0.8

8 
- 40.00±0.

58 
- 61.67±0

.33 
+ 79.00±

0.58 
+ 
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Table: 4.12. Growth and sporulation of Curvularia lunata (PG-Tau) in 

different culture media 

Growth media 

Radial growth diameter (mm)* and sporulation 

2 (Days) 4 (Days) 6 (Days) 8 (Days) 10 (Days) 

Growt
h 

Sp
** 

Growth Sp** Growth Sp** Growth Sp** Growth Sp** 

Potato dextrose 

agar 

14.33±

0.33 

- 34.67±0.

33 

- 44.33±0.

67 

+ 65.33±0.3

3 

++ 84.33±0

.33 

+++ 

Oat meal agar 
12.67±
0.33 

- 32.00±0.
58 

- 40.33±0.
33 

+ 61.00±0.5
8 

+++ 80.33±0
.33 

+++
+ 

Yeast extract 

manitol agar 

12.67±

0.33 

- 30.33±0.

33 

- 40.67±0.

33 

- 61.67±0.1

7 

+ 83.33±0

.33 

+ 

Malt extract agar 
11.50±

0.29 

- 31.00±0.

58 

- 39.33±0.

33 

+ 60.17±0.1

7 

+ 81.67±0

.48 

++ 

Pointed Gourd 

dextrose agar 

13.83±
0.17 

- 31.33±0.
67 

- 41.20±0.
20 

+ 63.67±0.3
3 

++ 80.33±0
.33 

+++ 

Czapek Dox agar 
11.33±

0.33 

- 28.67±0.

33 

- 39.53±0.

29 

- 62.67±0.3

3 

+ 78.33±0

.33 

++ 

Richards’s agar 
12.33±
0.33 

- 27.33±0.
33 

- 39.67±0.
67 

- 61.33±0.1
7 

+ 78.67±0
.33 

+ 

 

*Values are mean of 3 replications. 

Sp** = Sporulation, where, ‘ –’ = Nil, ‘+’ = poor, ‘++’ = fair, ‘+++’ = good, ‘++++’ = excellent. 

Standard error values are represented after data as ‘’. 

Incubation temperature for the experiment is 28 2oC. 

 

Table: 4.13. Growth and sporulation of Curvularia aeria (PG-Gar) in 

different culture media 

Growth media 

Radial growth diameter (mm)* and sporulation 

2 (Days) 4 (Days) 6 (Days) 8 (Days) 10 (Days) 

Growt
h 

Sp
** 

Growth Sp** Growth Sp** Growth Sp** Growth Sp** 

Potato dextrose 

agar 

13.67±
0.33 

- 34.00±0.
58 

- 44.00±0.
58 

+ 64.67±0.3
3 

++ 84.00±0
.00 

+++ 

Oat meal agar 
12.93±
0.18 

- 31.67±0.
33 

- 41.00±0.
58 

+ 61.33±0.8
8 

+++ 80.67±0
.33 

+++
+ 

Yeast extract 

manitol agar 

12.17±

0.38 

- 30.67±0.

33 

- 40.33±0.

33 

- 62.00±0.5

0 

+ 82.67±0

.33 

+ 

Malt extract agar 
11.77±
0.43 

- 30.67±0.
33 

- 40.00±1.
00 

- 60.33±0.3
3 

- 81.33±0
.33 

+ 

Pointed Gourd 

dextrose agar 

13.40±
0.40 

- 30.67±0.
67 

- 41.53±0.
29 

+ 63.33±0.3
3 

++ 80.67±0
.33 

+++ 

Czapek Dox agar 
11.67±

0.35 

- 29.00±0.

58 

- 39.67±0.

33 

- 62.33±0.3

3 

+ 79.00±0

.58 

+ 

Richards’s agar 
11.93±
0.52 

- 28.00±0.
58 

- 40.00±0.
58 

- 61.17±0.1
7 

+ 79.00±0
.58 

+ 

 

*Values are mean of 3 replications. 

Sp** = Sporulation, where, ‘ –’ = Nil, ‘+’ = poor, ‘++’ = fair, ‘+++’ = good, ‘++++’ = excellent. 

Standard error values are represented after data as ‘’. 

Incubation temperature for the experiment is 28 2oC. 
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Table: 4.14. Growth and sporulation of Curvularia verruciformis (PG-

Ish) in different culture media 

 

*Values are mean of 3 replications. 

Sp** = Sporulation, where, ‘ –’ = Nil, ‘+’ = poor, ‘++’ = fair, ‘+++’ = good, ‘++++’ = excellent. 

Standard error values are represented after data as ‘’. 

Incubation temperature for the experiment is 28 2oC. 

 

Table: 4.15. Growth and sporulation of Alternaria alternata (PG-WD1) 

in different culture media 

Growth media 

Radial growth diameter (mm)* and sporulation 

2 (Days) 4 (Days) 6 (Days) 8 (Days) 10 (Days) 

Growth Sp** Growth Sp** Growth Sp** Growth Sp** Growth Sp
** 

Potato dextrose agar 
14.67±0.

33 
- 34.00±0

.58 
- 43.67±0

.67 
+ 65.33±0

.33 
+ 84.33±0

.33 
++
+ 

Oat meal agar 
13.00±0.

58 
- 32.00±0

.58 
- 41.00±0

.58 
+ 61.00±0

.58 
++ 80.33±0

.33 
++
++ 

Yeast extract manitol 

agar 

13.00±0.
00 

- 31.00±0
.58 

- 41.00±0
.58 

- 61.67±0
.17 

+ 83.33±0
.33 

+ 

Malt extract agar 
11.33±0.

33 
- 31.33±0

.67 
- 39.67±0

.33 
+ 60.17±0

.17 
+ 81.67±0

.48 
+ 

Pointed Gourd 

dextrose agar 

14.17±0.
44 

- 31.00±0
.58 

- 40.67±0
.33 

+ 63.67±0
.33 

+ 80.33±0
.33 

++ 

Czapek Dox agar 
11.67±0.

33 
- 29.33±0

.33 
- 39.67±0

.33 
_ 62.67±0

.33 
_ 78.33±0

.33 
+ 

Richards’s agar 
12.67±0.

33 
- 28.00±0

.58 
- 40.00±0

.58 
+ 61.33±0

.17 
+ 78.67±0

.33 
+ 

 

*Values are mean of 3 replications. 

Sp** = Sporulation, where, ‘ –’ = Nil, ‘+’ = poor, ‘++’ = fair, ‘+++’ = good, ‘++++’ = excellent. 

Standard error values are represented after data as ‘’. 

Incubation temperature for the experiment is 28 2oC. 

 

 

Growth media 

Radial growth diameter (mm)* and sporulation 

2 (Days) 4 (Days) 6 (Days) 8 (Days) 10 (Days) 

Growth Sp** Growth Sp** Growth Sp** Growth Sp** Growth Sp*

* 

Potato dextrose agar 
14.20±0.

42 
- 35.33±0

.88 
- 45.00±0

.00 
+ 65.67±0

.33 
++ 84.67±0

.33 
+++ 

Oat meal agar 
12.73±0.

37 
- 32.33±0

.33 
- 40.67±0

.67 
+ 61.33±0

.33 
++ 80.67±0

.33 
+++
+ 

Yeast extract manitol 

agar 

12.33±0.
67 

- 30.67±0
.67 

- 40.33±0
.33 

- 61.00±0
.58 

- 83.67±0
.33 

+ 

Malt extract agar 
11.90±0.

21 
- 31.27±0

.37 
- 39.67±0

.33 
+ 60.33±0

.33 
+ 81.00±0

.58 
+ 

Pointed Gourd 

dextrose agar 

13.50±0.

29 

- 31.67±0

.33 

- 40.67±0

.33 

+ 63.33±0

.33 

++ 80.67±0

.33 

+++ 

Czapek Dox agar 
11.67±0.

33 
- 28.67±0

.33 
- 39.87±0

.59 
_ 62.33±0

.33 
_ 78.67±0

.67 
+ 

Richards’s agar 
12.67±0.

33 
- 28.00±1

.00 
- 40.00±0

.58 
_ 60.33±0

.33 
+ 79.00±0

.58 
+ 
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Table: 4.16. Growth and sporulation of Alternaria destruens (PG-WD2) 

in different culture media 

Growth media 

Radial growth diameter (mm)* and sporulation 

2 (Days) 4 (Days) 6 (Days) 8 (Days) 10 (Days) 

Growth Sp** Growth Sp
** 

Growth Sp** Growt
h 

Sp** Growth Sp
** 

Potato dextrose agar 
14.33±0.3

3 

- 34.67±0.3

3 

- 44.33±0

.67 

+ 64.67±

0.33 

+ 84.67±0

.33 

++ 

Oat meal agar 
12.67±0.3

3 
- 32.00±0.5

8 
- 40.33±0

.33 
+ 61.33±

0.88 
++ 81.33±0

.67 
++
+ 

Yeast extract 

manitol agar 

12.67±0.3
3 

- 30.33±0.3
3 

- 40.67±0
.33 

_ 62.00±
0.58 

_ 83.67±0
.33 

+ 

Malt extract agar 
11.50±0.2

9 
- 31.00±0.5

8 
- 39.33±0

.33 
_ 60.67±

0.67 
_ 81.53±0

.53 
- 

Pointed Gourd 

dextrose agar 

13.83±0.1
7 

- 31.33±0.6
7 

- 41.20±0
.20 

+ 63.33±
0.67 

+ 81.00±0
.58 

++ 

Czapek Dox agar 
11.33±0.3

3 
- 28.67±0.3

3 
- 39.53±0

.29 
_ 62.67±

0.33 
_ 79.00±0

.58 
+ 

Richards’s agar 
12.33±0.3

3 
- 27.33±0.3

3 
- 39.67±0

.67 
_ 61.00±

0.58 
_ 79.33±0

.67 
_ 

 

*Values are mean of 3 replications. 

Sp** = Sporulation, where, ‘ –’ = Nil, ‘+’ = poor, ‘++’ = fair, ‘+++’ = good, ‘++++’ = excellent. 

Standard error values are represented after data as ‘’. 

Incubation temperature for the experiment is 28 2oC. 

 

Table: 4.17. Growth and sporulation of Alternaria tennuisima (PG-Kra) 

in different culture media 

Growth media 

Radial growth diameter (mm)* and sporulation 

2 (Days) 4 (Days) 6 (Days) 8 (Days) 10 (Days) 

Growth Sp** Growth Sp
** 

Growth Sp** Growt
h 

Sp** Growth Sp
** 

Potato dextrose agar 
14.67±0.3

3 
- 34.33±0.6

7 
- 44.33± + 64.67±

0.33 
+ 84.00±0

.00 
++ 

Oat meal agar 
13.00±0.5

8 

- 32.67±0.8

8 

- 40.33±0

.33 

+ 61.33±

0.88 

++ 81.00±0

.58 

++

+ 

Yeast extract 

manitol agar 

13.00±0.5
8 

- 31.00±0.5
8 

- 40.67±0
.33 

- 62.17±
0.44 

- 83.00±0
.00 

+ 

Malt extract agar 
11.67±0.3

3 
- 31.33±0.6

7 
- 39.33±0

.33 
- 60.67±

0.67 
+ 81.87±0

.47 
+ 

Pointed Gourd 

dextrose agar 

13.50±0.2
9 

- 31.00±0.5
8 

- 41.20±0
.20 

+ 63.33±
0.33 

+ 80.67±0
.33 

++ 

Czapek Dox agar 
11.67±0.3

3 
- 29.33±0.3

3 
- 39.53±0

.29 
- 62.33±

0.33 
- 79.00±0

.58 
+ 

Richards’s agar 
11.67±0.3

3 
- 28.33±0.8

8 
- 39.67±0

.67 
- 60.00±

0.58 
- 79.33±0

.88 
+ 

 

*Values are mean of 3 replications. 

Sp** = Sporulation, where, ‘ –’ = Nil, ‘+’ = poor, ‘++’ = fair, ‘+++’ = good, ‘++++’ = excellent. 

Standard error values are represented after data as ‘’. 

Incubation temperature for the experiment is 28 2oC. 

 

 



101 
 

Table: 4.18. Growth and sporulation of Fusarium equiseti (PGAL) in 

different culture media 

Growth media 

Radial growth diameter (mm)* and sporulation 

2 (Days) 4 (Days) 6 (Days) 8 (Days) 10 (Days) 

Growth Sp** Growth Sp
** 

Growth Sp** Growt

h 

Sp** Growth Sp*

* 

Potato dextrose agar 
14.00±0.

58 
- 34.33±0

.33 
- 44.33±0

.67 
+ 65.00±

0.58 
++ 84.67±0.

33 
+++ 

Oat meal agar 
12.33±0.

33 
- 32.33±0

.33 
- 40.67±0

.33 
+ 61.33±

0.33 
+++ 81.33±0.

88 
+++
+ 

Yeast extract manitol 

agar 

12.33±0.

67 

- 31.00±0

.58 

- 40.33±0

.33 

- 61.50±

0.29 

+ 83.00±0.

58 

++ 

Malt extract agar 
11.67±0.

33 

- 31.00±0

.58 

- 39.67±0

.33 

- 60.33±

0.33 

+ 82.00±0.

35 

++ 

Pointed Gourd dextrose 

agar 

13.67±0.
33 

- 31.00±0
.58 

- 40.87±0
.47 

+ 63.33±
0.33 

++ 80.00±0.
00 

+++ 

Czapek Dox agar 
11.67±0.

33 

- 29.33±0

.33 

- 39.87±0

.59 

+ 62.33±

0.33 

+ 78.67±0.

67 

++ 

Richards’s agar 
11.67±0.

33 
- 28.33±0

.88 
- 39.33±0

.33 
- 61.33±

0.33 
+ 79.67±0.

33 
++ 

 

*Values are mean of 3 replications. 

Sp** = Sporulation, where, ‘ –’ = Nil, ‘+’ = poor, ‘++’ = fair, ‘+++’ = good, ‘++++’ = excellent. 

Standard error values are represented after data as ‘’. 

Incubation temperature for the experiment is 28 2oC. 

 

4.3.2.2. Effect of different pH on mycelia growth of the pathogens 

Among the different growth factors pH plays major role on mycelia growth 

and sporulation of fungi. Potato dextrose Agar medium was adjusted to pH 

3.5, pH 5.5, and pH 7.5 by adding 1(N) NaOH or 1(N) HCL drop-wise into the 

medium before sterilization. The details of the experiments and the assay 

have been mentioned in the section 3.5.2 of materials and methods. Media 

of different pH were inoculated separately by all the thirteen fungal isolates 

separately and incubated at 28±1ºC. Radial growth of the mycelia was 

measured 2 days, 4 days, 6 days, 8 days and 10 days of post-inoculation 

and the results were tabulated (Table 4.19). From the results it was found 

that all the thirteen fungal isolates viz. Curvularia spicifera, Fusarium 

equiseti, Ascochyta medicaginicola, Periconia macrospinosa, Fusarium 

oxysporum, Colletotrichum orbiculare, Curvularia lunata, Curvularia aeria, 

Curvularia verruciformis, Alternaria alternata, Alternaria destruens, Alternaria 

tennuisima and Fusarium equiseti were grow between a wide range of pH, 

from 3.5 to 7.5. But the optimum pH for vegetative growth was recorded at 
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the pH 5.5 in case of all the tested fungi. Moderate growth was observed at 

pH 3.5 and 7.5. The results indicated that a pH of 5.5 was best for the 

growth of different fungal isolates of the present study. 

4.3.2.3. Effect of different incubation temperatures on mycelia growth 

of the pathogens 

To assess the mycelia growth of the thirteen fungal isolates at different 

temperatures, three sets of sterile PDA plates was taken for each of the 

isolates. The media were then inoculated by all the isolates. The procedures 

and details of the assay technique have been mentioned in the section 3.5.3 

of the materials and methods. In this study the inoculated plates were 

incubated at three different temperatures viz. 23ºC, 28ºC and 33ºC. And 

after 2 days, 4 days, 6 days, 8 days and 10 days of incubation, radial growth 

of all the fungi was measured (Table 4.20). Results revealed that all the 

thirteen fungal isolates viz. Curvularia spicifera, Fusarium equiseti, 

Ascochyta medicaginicola, Periconia macrospinosa, Fusarium oxysporum, 

Colletotrichum orbiculare, Curvularia lunata, Curvularia aeria, Curvularia 

verruciformis, Alternaria alternata, Alternaria destruens, Alternaria 

tennuisima and Fusarium equiseti were able to grow within a wide range of 

temperature from 23ºC to 33ºC. The optimum temperature for all isolates 

was 28ºC. Moderate growth was observed at 23ºC and 28ºC. The results 

indicated that the temperature 28ºC was best for the growth of all the fungal 

isolates tested. 
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 Table: 4.19.  Effect of different pH on mycelia growth of the pathogens 

of Trichosanthes dioica 

 

*Data are mean of three replications: 

Data after ± represent the standard error values. 

 

 

Fungi 
  

Radial growth diameter (mm)* 

 pH 2 Days 4 Days 6 Days 8 Days 10 Days 

  
Curvularia spicifera 
  

3.5 11.60±0.31 31.27±0.64 39.67±0.33 61.73±0.27 78.67±0.35 

5.5 14.00±0.58 35.33±0.33 44.67±0.88 65.67±0.33 85.00±0.58 

7.5 11.00±0.58 28.73±0.37 38.40±0.31 59.60±0.31 78.27±0.37 

  
Fusarium equiseti 
  

3.5 8.93±0.52 30.67±0.35 39.53±0.29 59.27±0.37 76.47±0.29 

5.5 13.67±0.33 34.33±0.67 44.67±0.33 64.67±0.33 84.67±0.67 

7.5 8.00±0.12 28.00±0.58 38.40±0.31 58.40±0.31 76.67±0.24 

  
Ascochyta 
medicaginicola 
  

3.5 7.73±0.37 23.73±0.37 30.73±0.37 41.40±0.40 55.60±0.31 

5.5 12.33±0.33 27.33±0.67 38.67±0.33 48.67±0.33 59.33±0.33 

7.5 7.33±0.33 21.40±0.40 28.67±0.33 41.60±0.31 54.40±0.31 

  
Periconia 
macrospinosa 
  

3.5 6.73±0.37 17.67±0.33 28.40±0.31 41.40±0.31 49.60±0.31 

5.5 11.00±0.58 25.33±0.33 34.67±0.33 44.67±0.33 55.67±0.67 

7.5 6.53±0.29 16.73±0.27 27.60±0.31 39.73±0.27 48.40±0.31 

  
Fusarium 
oxysporum 
  

3.5 12.00±0.58 30.40±0.40 40.40±0.40 60.40±0.31 78.33±0.24 

5.5 15.00±0.58 34.33±0.67 44.67±0.33 64.67±0.33 84.67±0.67 

7.5 9.67±0.33 27.60±0.31 39.73±0.27 60.27±0.37 76.73±0.37 

  
Colletotrichum 
orbiculare 
  

3.5 8.73±0.37 29.40±0.31 38.40±0.31 57.27±0.27 78.33±0.33 

5.5 14.33±0.33 34.33±0.33 43.33±0.33 63.33±0.33 83.67±0.33 

7.5 8.47±0.29 27.40±0.31 37.40±0.31 55.73±0.37 77.93±0.07 

  
Curvularia lunata 

  

3.5 11.33±0.67 30.67±0.33 40.33±0.33 61.00±0.58 80.33±0.33 

5.5 14.33±0.33 34.67±0.33 44.33±0.67 65.33±0.33 84.33±0.33 

7.5 11.67±0.33 29.67±0.33 40.00±0.58 60.67±0.33 79.67±0.33 

  
Curvularia aeria 

  

3.5 8.13±0.33 28.33±0.33 39.67±0.33 60.67±0.33 78.33±0.33  

5.5 13.67±0.33 34.00±0.58 44.00±0.58 64.67±0.33 84.00±0.00 

7.5 8.67±0.33 28.00±0.58 38.33±0.33 59.33±0.33 76.67±0.33 

  
Curvularia 
verruciformis 

  

3.5 9.67±0.33 30.67±0.33 40.33±0.33 60.33±0.33 80.33±0.33 

5.5 14.20±0.42 35.33±0.88 45.00±0.00 65.67±0.33 84.67±0.33 

7.5 8.87±0.13 29.33±0.33 39.33±0.33 58.67±0.33 78.67±0.33 

  
Alternaria 
alternata 
  

3.5 9.33±0.33 29.33±0.33 37.67±0.33 60.67±0.33 78.87±0.47 

5.5 14.67±0.33 34.00±0.58 43.67±0.67 65.33±0.33 84.33±0.33 

7.5 8.33±0.33 27.33±0.33 36.33±0.33 59.33±0.33 77.67±0.33 

  
Alternaria 
destruens 
  

3.5 10.27±0.37 31.60±0.31 42.27±0.27 61.60±0.31 79.40±0.31 

5.5 14.33±0.33 34.67±0.33 44.33±0.67 64.67±0.33 84.67±0.33 

7.5 8.67±0.33 28.73±0.37 40.33±0.33 60.07±0.07 76.47±0.29 

  
Alternaria 
tenuissima 
  

3.5 9.65±0.35 30.80±0.31 41.33±0.33 62.67±0.33 79.67±0.24 

5.5 14.67±0.33 34.33±0.67 44.33±0.67 64.67±0.33 84.00±0.00 

7.5 8.60±0.31 28.33±0.33 39.67±0.35 59.67±0.24 78.73±0.37 

  
Fusarium equiseti 

  

3.5 8.67±0.24 27.93±0.07 41.07±0.07 61.67±0.24 80.40±0.31 

5.5 14.00±0.58 34.33±0.33 44.33±0.67 65.00±0.58 84.67±0.33 

7.5 8.00±0.46 27.40±0.31 38.60±0.31 60.07±0.07 79.13±0.13 
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Table: 4.20. Effect of different incubation temperatures on mycelia 

growth of the pathogens of Trichosanthes dioica 

Fungi 

  

Radial growth diameter (mm)* 

Temperature 2 Days 4 Days 6 Days 8 Days 10 Days 

  
Curvularia 
spicifera 

  

23°C 11.33±0.33 31.00±0.58 39.73±0.37 61.73±0.27 78.93±0.58 

28°C 14.40±0.31 35.27±0.27 45.00±0.58 65.33±0.33 85.47±0.29 

33°C 11.13±0.59 29.00±0.53 38.33±0.33 59.33±0.33 78.27±0.37 

  
Fusarium equiseti 
  

23°C 8.67±0.33 30.93±0.13 39.67±0.18 59.33±0.33 76.47±0.29 

28°C 14.00±0.00 34.93±0.07 44.73±0.27 64.93±0.07 84.67±0.67 

33°C 8.07±0.13 28.40±0.31 35.93±2.68 58.33±0.33 76.33±0.24 

  
Ascochyta 
medicaginicola 

  

23°C 7.80±0.40 23.87±0.24 30.80±0.40 41.67±0.35 55.33±0.33 

28°C 12.47±0.29 27.93±0.07 38.73±0.27 48.60±0.31 59.67±0.33 

33°C 7.60±0.31 21.67±0.35 28.93±0.07 41.33±0.33 54.67±0.24 

  
Periconia 
macrospinosa 
  

23°C 6.87±0.24 17.80±0.20 28.47±0.27 41.33±0.33 49.67±0.33 

28°C 11.40±0.31 24.93±0.07 34.80±0.20 45.07±0.07 55.33±0.33 

33°C 6.60±0.35 16.93±0.07 27.67±0.24 39.40±0.31 48.47±0.37 

  
Fusarium 
oxysporum 

  

23°C 12.40±0.31 30.40±0.40 40.47±0.37 60.67±0.33 78.07±0.07 

28°C 14.67±0.33 34.93±0.07 44.87±0.13 64.93±0.07 85.00±0.58 

33°C 9.93±0.07 27.87±0.07 39.93±0.07 60.53±0.37 76.73±0.37 

  
Colletotrichum 
orbiculare 
  

23°C 8.73±0.37 29.33±0.33 38.47±0.27 57.33±0.24 78.67±0.33 

28°C 14.50±0.41 34.67±0.33 43.60±0.31 63.67±0.33 83.93±0.07 

33°C 8.53±0.35 27.33±0.33 37.67±0.24 56.07±0.07 78.00±0.00 

  
Curvularia lunata 
  

23°C 11.67±0.88 30.33±0.33 40.40±0.31 61.33±0.67 80.67±0.33 

28°C 14.50±0.41 34.33±0.33 44.60±0.40 65.40±0.31 84.60±0.31 

33°C 11.73±0.27 30.07±0.07 40.07±0.58 60.73±0.27 79.67±0.33 

  
Curvularia aeria 
  

23°C 13.15±0.13 28.07±0.07 39.60±0.31 60.73±0.27 78.13±0.13 

28°C 13.60±0.40 33.73±0.37 44.33±0.33 64.73±0.27 84.27±0.27 

33°C 8.67±0.33 28.33±0.33 38.73±0.37 59.67±0.33 76.60±0.31 

  
Curvularia 
verruciformis 

  

23°C 10.27±0.27 30.60±0.31 40.27±0.27 60.40±0.31 80.60±0.31 

28°C 14.00±0.58 36.00±0.58 45.07±0.07 65.33±0.33 84.73±0.37 

33°C 8.93±0.18 29.40±0.31 39.40±0.40 58.73±0.27 78.60±0.31 

  
Alternaria 
alternata 
  

23°C 9.33±0.33 29.67±0.33 37.93±0.07 60.73±0.27 79.20±0.20 

28°C 14.60±0.31 34.40±0.31 44.07±0.58 65.40±0.31 84.13±0.13 

33°C 8.60±0.31 27.33±0.33 36.53±0.29 60.00±0.33 77.73±0.37 

  
Alternaria 
destruens 

  

23°C 10.40±0.31 30.60±0.83 42.27±0.27 60.00±0.31 79.67±0.33 

28°C 14.40±0.31 34.67±0.33 43.27±0.93 64.67±0.33 84.40±0.31 

33°C 8.67±0.33 28.33±0.33 40.67±0.33 60.40±0.31 76.47±0.29 

  
Alternaria 
tenuissima 
  

23°C 9.07±0.41 30.73±0.27 41.60±0.31 62.33±0.33 79.93±0.07 

28°C 14.80±0.20 34.67±0.33 44.80±0.20 64.73±0.27 83.67±0.33 

33°C 8.87±0.07 28.67±0.33 39.73±0.29 59.60±0.31 78.93±0.52 

  
Fusarium equiseti 
  

23°C 8.67±0.24 28.00±0.12 41.13±0.07 61.40±0.31 80.07±0.58 

28°C 14.00±0.58 34.73±0.37 44.67±0.33 64.67±0.33 84.60±0.31 

33°C 8.00±0.46 27.47±0.37 38.80±0.12 60.33±0.33 79.07±0.07 

 

*Data are mean of three replications: 

Data after ± represent the standard error values. 
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4.3.3. Molecular Identification of the thirteen different pathogenic 

isolates of Trichosanthes dioica and their phylogenetic analysis  

4.3.3.1. Molecular identification of fungal isolates 

For molecular identification, DNA was isolated from all the thirteen fungal 

isolates. The details of DNA isolation procedures have been mentioned in the 

materials and methods (Section 3.4.2.1). Quantification of genomic DNA and 

gel electrophoresis was done and described in details in the materials and 

methods (Section 3.4.2.3 & Section 3.4.2.4).  

After extraction of the fungal DNA, the ITS region, 28S rRNA region 

and Actin gene were amplified by PCR using universal primers ITS 1 and ITS 

4 for ITS region, NL1 and NL2 for 28S rRNA region and Act 1 and Act 2 for 

fungal Actin gene as described in the materials and methods (section 

3.4.2.5) (Fig. 4.9). The amplified products were then purified using 

GeneiPureTM Quick PCR purification kit following the manufacturer’s 

protocol and explained in the section 3.4.2.7 of the materials and methods. 

The purified amplicons were sent for sequencing to Chromas Biotech Pvt. 

Ltd. (Bangalore, India). 

After sequencing, the sequenced data was analyzed by using BLASTn. 

After BLASTn analysis, the nucleotide (nt) sequences were submitted in the 

GenBank. The details of the identified fungi and their GenBank Accession 

nos. were tabulated in Table no. 4.21. 
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Fig. 4.9: A. Total DNA isolated from fungal samples on 1% agarose gel under UV-
transilluminator. B-D. Amplified PCR products of three specific genes (ITS region, 28S rRNA 

region of large subunit and Actin gene) from fungal isolates on 1% agarose gel under UV-

transilluminator: B. Amplified with ITS1/ITS4; C. Amplified with NL1/NL4; and D. 

Amplified with Act1/Act2. 
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Table: 4.21. GenBank accession numbers of the pathogenic isolates with 
code and location of collection. 

 

Fungi Isolate Location GenBank accession No. 

rRNA ITS rRNA 28S Actin 

(ACT) 
Curvularia 

spicifera 

 
KHBR 

 
Darjeeling 

 
KX910098 

 
KY411823 

 
MN938365 

Fusarium  

equiseti 

 
PGAL 

 
Alipurduar 

 
KY411826 

 
KY411824 

 
MN938374 

Ascochyta 

medicaginicola 

 
PGALD 

 
Alipurduar 

 
MF447846 

 
MF447845 

 
MN938368 

Periconia 

macrospinosa 

 
PGISH 

 
Uttar 

dinajpur 

 
MF447844 

 
MF447843 

 
MN938369 

Fusarium 

oxysporum 

 
PG-Ph 

 
Darjeeling 

 
MH842200 

 
MH842203 

 
MN938373 

Colletotrichum 

orbiculare 

 
PG-Pha 

 
Darjeeling 

 
MN006616 

 
MZ314443 

 
MN168524 

Curvularia lunata 
 

PG-Tau 

 

Darjeeling 

 

MN006628 

 

MN006674 

 

MN938366 

Curvularia aeria 
 

PG-Gar 

 

Darjeeling 

 

MN006621 

 

MN006625 

 

MN938367 

Curvularia 

verruciformis 

 
PG-Ish 

 
Uttar 

dinajpur 

 
MN006618 

 
MN006619 

 
MN967012 

Alternaria 

alternata 

 
PG-WD1 

 
Jalpaiguri 

 
MN020527 

 
MN010519 

 
MN938370 

Alternaria 

destruens 

 
PG-WD2 

 
Cooch-
behar 

 
MN006678 

 
MZ314458 

 
MN938371 

Alternaria 

tenuissima 

 
PG-Kra 

 
Jalpaiguri 

 
MN006675 

 
MN010576 

 
MN938372 

Fusarium  

equiseti 

 
PG-GUA 

 
Darjeeling 

 
MH744998 

 
MH744997 

 
MN938375 
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4.3.3.2. Phylogenetic analysis of the fungal isolates 

For further analysis, sequence identity matrix and phylogenetic tree were 

created by using ITS region with different species and with the same species 

that have been taken from GenBank.  

4.3.3.2.1. Curvularia isolates 

The nucleotide sequence similarity of the ITS region of the four Curvularia 

isolates viz. Curvularia aeria, Curvularia lunata, Curvularia spicifera and 

Curvularia verruciformis of the present study were compared with the other 

Curvularia isolates downloaded from the GenBank (Fig. 4.10) and a 

phylogenetic tree was constructed (Fig. 4.11). From the phylogenetic tree 

following inferences were drawn: 

Curvularia aeria 

The BLASTn analysis of ITS region (Acc. No.MN006621) showed 100% nt 

identity of C. aeria infecting rice from Malaysia (Acc. No. KU232900, 

KU232914). The sequence of partial 28S rRNA of LSU (Acc. No. MN006625) 

showed 100% similarity with the C. aeria (Acc. No. HF934902) from 

Netherlands. The BLASTn analysis of Actin gene showed 97–98% sequence 

similarity with Actin gene of other species of Curvularia (Acc. No. HE792946, 

KC485080), we have submitted the sequence of Actin of C. aeria (Acc. No. 

MN938367) for the first time. 

Curvularia spicifera 

The sequenced product of the ITS region (Acc. No. KX910098) showed 100% 

nt identity with C. spicifera infecting Citrus from Italy (Acc. No. KR229979) 

and buffalograss from The Netherlands (Acc. Nos. HF934914, HF934915, 

HF934916). The sequence obtained for the partial 28S rRNA of LSU (Acc. 

No. KY411823) showed 100% nt similarity with C. spicifera strain B19 from 

India (Acc. No. KM111233).  In BLASTn analysis, the Actin (ACT) gene 

sequence (Acc. No. MN938365) showed 100% nt identity with Actin gene 

sequence of C. spicifera (Acc. No. HE792946) from Spain.  

Curvularia verruciformis 

The sequence of ITS region (Acc. No. MN006618) showed 100% nt identity of 

C. verruciformis (Acc. No. HG779026) from Netharlands. The sequence of 

partial 28S rRNA of LSU (Acc. No. MN006619) showed 100% similarity with 
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the C. verruciformis (Acc. No. LT631384) from Switzerland. The BLASTn 

analysis of Actin gene showed 97–98% sequence similarity with Actin gene 

of other species of Curvularia (Acc. No. HE792946, KC485080), we have 

submitted the sequence of Actin of C. verruciformis (Acc. No. MN967012) for 

the first time.  

Curvularia lunata 

The sequenced product of the ITS region (Acc. No. MN006628) showed 100% 

nt identity with C. lunata infecting rose from Pakistan (Acc. No. MG837719). 

The sequence of partial 28S rRNA of LSU (Acc. No. MN006674) showed 

100% similarity with the C. lunata (Acc. No. KX100880) infecting Zea mays 

from China. The BLASTn analysis of Actin gene sequence (Acc. No. 

MN938366) showed 100% similarity with C. lunata Actin (Acc. No. 

KC485080) from China. 

All the four isolates of present study were arisen from the isolate 

Curvularia hawaiiensis as evident from phylogenetic tree (Fig 4.11) 

4.3.3.2.2. Fusarium isolates 

The nucleotide sequence similarity of the ITS region of the three Fusarium  

isolates viz. two isolates of Fusarium equiseti and Fusarium oxysporum of the 

present study were compared with the other Fusarium isolates downloaded 

from the GenBank (Fig. 4.12) and a phylogenetic tree was constructed (Fig. 

4.13).  

Fusarium equiseti (PGAL-01) 

The sequenced product of ITS region (Acc. No. KY411826) showed 100% 

nucleotide identity with F. equiseti infecting Vicia faba from Mexico (Acc. No. 

KY554857) and Hordium sp. from China (Acc. Nos. KY365574, KY365564, 

KY365589). In BLAST analysis the partial 28S rRNA of LSU (Acc. No. 

KY411824) also confirmed 100% similarity with F. equiseti strain C1/24, 

C1/30 and C1/26 isolated from soybean cultivated in Brazil (Acc. No. 

KM246252, KM246258, KM246254). The sequenced product of Actin gene 

shows 96.8% sequence similarity with F. equiseti from China (Acc. No. 

JQ965663). 
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Fusarium equiseti (PG-Gua) 

The sequenced product of ITS region (Acc. No. MH744998) showed 99% nt 

identity with F. equiseti from Malaysia (Acc. No. MK209007), China (Acc. No. 

MN486566). In BLASTn analysis the partial 28S rRNA of LSU (Acc. No. 

MH744997) also confirmed 99% similarity with F. equiseti from China (Acc. 

No. KF803549, MN368509), Brazil (Acc. No. KM246052). The sequenced 

product of Actin gene shows 97% sequence similarity with F. equiseti from 

India (Acc. No. MN938374). 

Fusarium oxysporum 

The sequenced product of ITS region (Acc. No. MH842200) showed 100% nt 

identity with F. oxysporum (Acc. Nos. MT530243, MT530242, MT530238) 

from China. BLASTn analysis of the partial 28S rRNA of LSU region (Acc. 

No. MH842203) showed 99.1% nt identity with F. oxysporum from China 

(Acc. No. MN436789). The Actin gene (Acc. No. MN938373) sequence showed 

100% nt identity with F. oxysporum from Italy (Acc. No. LR131915). 

4.3.3.2.3. Ascochyta medicaginicola 

The nucleotide sequence similarity of the ITS region of Ascochyta 

medicaginicola isolate of the present study was compared with the other 

Ascochyta isolates downloaded from the GenBank (Fig. 4.14) and a 

phylogenetic tree was constructed (Fig. 4.15). BLASTn analysis of ITS region 

(Acc. No. MF447846) and 28S rRNA of LSU region (Acc. No. MF447845) 

showed 99% and 100% nucleotide identity with ITS and 28S rRNA of LSU 

regions of A. medicaginicola var. macrospora strain CBS 112.53 (ITS: 

GU237749 and 28S rRNA of LSU: GU238101) respectively. The BLASTn 

analysis of Actin gene sequence (Acc. No. MN938368) showed 100% nt 

identity with A. medicaginicola (Acc. No. KT309306) from New Zealand. From 

the phylogenetic tree it seems that our A. medicaginicola isolate was arisen 

from the isolate A. maackiae.  

4.3.3.2.4. Periconia macrospinosa 

The nucleotide sequence similarity of the ITS region of Periconia 

macrospinosa isolate of the present study was compared with the other 

Periconia isolates downloaded from the GenBank (Fig. 4.16) and a 

phylogenetic tree was constructed (Fig. 4.17). The BLASTn analysis of the 
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sequenced products of ITS region (Acc. No. MF447844), 28S LSU region 

(Acc. No. MF447843) and Actin gene showed 99–100% sequence identity 

with ITS, 28S LSU region and Actin gene of P. macrospinosa strain CBS 

135663 (ITS: KP183999; 28S LSU: KP184038 and Actin: KP184117) from 

Hungary. 

4.3.3.2.5. Colletotrichum orbiculare 

The nucleotide sequence similarity of the ITS region of Colletotrichum 

orbiculare isolate of the present study was compared with the other 

Colletotrichum isolates downloaded from the GenBank (Fig. 4.18) and a 

phylogenetic tree was constructed (Fig. 4.19). A BLASTn analysis of ITS 

region (Acc. No. MN006616), 28S LSU region (Acc. No. MZ314443) and Actin 

gene (Acc. No. MN168524) showed 100% nt identity to the C. orbiculare 

infecting Citrulus lantanus (Acc. Nos. ITS: KP898988; 28S rRNA LSU: 

Z18997 and Actin: KP899011) from India.  

4.3.3.2.6. Alternaria isolates 

The nucleotide sequence similarity of the ITS region of the three Alternaria 

isolates Curvularia isolates viz. Alternaria altarnata, Alternaria destruens and 

Alternaria tenuissima of the present study were compared with the other 

Alternaria isolates downloaded from the GenBank (Fig. 4.20) and a 

phylogenetic tree was constructed (Fig. 4.21).  

Alternaria tenuissima 

BLASTn analysis on NCBI GenBank showed that the ITS region (Acc. No. 

MN006675) showed 100% nt identity with A. tenuissima infecting Brassica 

rapa from China (Acc. No. MK530947). The 28S rRNA LSU region showed 

(Acc. No. MN006676) 100% nt identity with A. tenuissima infecting Pigeon 

pea from India (Acc. No. MK968775). The BLASTn analysis of Actin gene 

(Acc. No. MN938372) product was also showed 100% nt identity with A. 

tenuissima infecting Cassia nomame from China (Acc. No. MN752246). 

Alternaria destruens 

The ITS region product (Acc. No. MN006678) showed 95.86% nt identity 

with A. destruens infecting onion from Southern Puerto Rico (Acc. No. 

DQ323681). The 28S rRNA LSU region product (Acc. No. MZ314458) showed 

96.1% nt identity with A. destruens infecting Prunus avium from Germany 
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(Acc. No. MT156155). The BLASTn analysis of Actin gene product (Acc. No. 

MN938371) showed 100% nt identity with A. destruens from USA (Acc. No. 

JQ671701). 

Alternaria alternata 

In BLASTn analysis the ITS region (Acc. No. MN020527) showed 91.96% 

(Acc. No. MW723921) and 90.55% (Acc. No. MW723773) nt identity with A. 

alternata from China. The 28S rRNA of LSU region (Acc. No. MN010519) 

showed 100% nt identity with A. alternata from India (Acc. No. MT516298, 

MT416014). The Actin gene sequence (Acc. No. MN938370) showed 100% nt 

identity with A. alternata from India (Acc. No. MK791190) and South Korea 

(Acc. No. MT795658). 
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Fig. 4.10: Nucleotide sequence identity matrix of Curvularia aeria, Curvularia lunata, 

Curvularia spicifera and Curvularia verruciformis of the present study and other 

Curvularia species following 18S rRNA (ITS) sequence analysis. Identity percentages are 

indicated on the right side corner of the matrix. 
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Fig. 4.11: Phylogenetic tree generated by neighbour joining of different Curvularia 
species. Values at the nodes indicate percentage of bootstrap support (out of 1000 

bootstrap replicates) and are indicated if greater than 50. GenBank accession 
numbers of the fungi have been indicated at the end of each branch. 
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Fig. 4.12: Nucleotide sequence identity matrix of Fusarium equiseti and Fusarium 
oxysporum of the present study and other Fusarium species following 18S rRNA (ITS) 

sequence analysis. Identity percentages are indicated on the right side corner of the 

matrix. 
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Fig. 4.13: Phylogenetic tree generated by neighbour joining of different Fusarium 
species. Values at the nodes indicate percentage of bootstrap support (out of 1000 

bootstrap replicates) and are indicated if greater than 50. GenBank accession numbers 
of the fungi have been indicated at the end of each branch 
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Fig. 4.14: Nucleotide sequence identity matrix of Ascochyta medicaginicola of the present 

study and other Ascochyta species following 18S rRNA (ITS) sequence analysis. Identity 

percentages are indicated on the right side corner of the matrix. 
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Fig. 4.15: Phylogenetic tree generated by neighbour joining of different Ascochyta species. 

Values at the nodes indicate percentage of bootstrap support (out of 1000 bootstrap 

replicates) and are indicated if greater than 50. GenBank accession numbers of the fungi 

have been indicated at the end of each branch. 
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Fig. 4.16: Nucleotide sequence identity matrix of Periconia macrospinosa of the present 

study and other Periconia species following 18S rRNA (ITS) sequence analysis. Identity 

percentages are indicated on the right side corner of the matrix. 
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Fig. 4.17: Phylogenetic tree generated by neighbour joining of different Periconia 
species. Values at the nodes indicate percentage of bootstrap support (out of 

1000 bootstrap replicates) and are indicated if greater than 50. GenBank 

accession numbers of the fungi have been indicated at the end of each branch. 
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Fig. 4.18: Nucleotide sequence identity matrix of Colletotrichum orbiculare of the 

present study and other Colletotrichum species following 18S rRNA (ITS) sequence 

analysis. Identity percentages are indicated on the right side corner of the matrix. 
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Fig. 4.19: Phylogenetic tree generated by neighbour joining of different Colletotrichum  
species. Values at the nodes indicate percentage of bootstrap support (out of 1000 

bootstrap replicates) and are indicated if greater than 50. GenBank accession numbers of 

the fungi have been indicated at the end of each branch. 
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Fig. 4.20: Nucleotide sequence identity matrix of Alternaria alternata, Alternaria destruens, 
Alternaria tenuissima of the present study and other Alternaria species following 18S rRNA 

(ITS) sequence analysis. Identity percentages are indicated on the right side corner of the 

matrix. 
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Fig. 4.21. Phylogenetic tree generated by neighbour joining of different 

Alternaria  species. Values at the nodes indicate percentage of bootstrap 

support (out of 1000 bootstrap replicates) and are indicated if greater than 50. 

GenBank accession numbers of the fungi have been indicated at the end of 

each branch. 

 

Fig. 4.21: Phylogenetic tree generated by neighbour joining of different 
Alternaria species. Values at the nodes indicate percentage of bootstrap 

support (out of 1000 bootstrap replicates) and are indicated if greater than 50. 

GenBank accession numbers of the fungi have been indicated at the end of 

each branch. 

 



125 
 

4.4. Chapter IV: Isolation and molecular characterisation of resistance 

gene analog (RGA) and defense related genes (DR-genes) in pointed 

gourd 

4.4.1. Detection and analysis of Resistance Gene Analog (RGA) 

Pointed gourd resistance gene analog (PGRGA) was isolated from pointed 

gourd leaves through RT-PCR amplification with the help of gene specific 

primers where total RNA was used as a template. Expected amplicon of the 

gene was cloned and sequenced. Procedures have been described in detail in 

materials and methods (section: 3.6.1). 

Sequencing of PGRGA gene developed a 350 nucleotide long sequence 

which was submitted to GenBank (Acc. no. MN179493). The PGRGA 

sequence was analysed through BLASTn programme. The PGRGA sequence 

was aligned with other RGA sequences of cucurbitaceae available in the 

GenBank. Nucleotide binding site-leucine rich repeat (NBS-LRR) is the major 

class of RGA present in plants. Two types of NBS-LRR are found in plants 

such as TIR-NBS-LRR and CC -NBS-LRR. From the phylogenetic tree it was 

observed that PGRGA sequence belong to the CC-NBS group (Fig.4.22). 

PGRGA is closely related to Cucurbita moschata and Lagenaria siceraria.  

Sequence identity matrix was created in SDT version 1.2. using 

PGRGA gene sequence and some other CC-NBS gene sequences of 

cucurbitaceae available in GenBank (Fig. 4.23). From the sequence identity 

matrix it was also observed that the PGRGA showed 75% to 88% nucleotide 

identity with Cucurbita moschata and Lagenaria siceraria. 
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Fig. 4.22: Phylogenetic relationship of present isolated PGRGA with the other RGA 

sequences of some plants of cucurbitaceae published in the GenBank using the neighbor 
joining method. Numbers at the nodes indicate the bootstrap percentage scores out of 

1000 replicates 

 

CC-NBS 
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  Fig. 4.23: Sequence identity matrix of isolated PGRGA with other CC-NBS gene 

sequences of some plants of cucurbitaceae.  Identity percentage corresponding to the 

color matrix is indicated in the right-hand side of the figure. 
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4.4.2. Detection and analysis of defense related enzyme genes (DR 

genes) 

Five different defense enzyme related genes (DR genes) viz. PAL, peroxidase, 

polyphenol oxidase, β-1,3-glucanase and chitinase were isolated from 

pointed gourd leaves through RT-PCR amplification with the help of gene 

specific primers, where total RNA was used as a template. Expected 

amplicons of different gene was then cloned and sequenced, the procedures 

have been described in detail in materials and methods (section: 3.6.2). 

4.5.1.1. Analysis of PAL genes isolated from pointed gourd 

Sequencing of the PAL gene yielded a 400 nucleotide long sequence which 

was submitted to GenBank (Acc. no. MN187940). Sequence identity matrix 

of the isolated PAL gene was created in SDT v1.2 and presented in Fig. 4.24. 

For creation of the matrix, PAL gene sequences from different plant species 

including those of cucurbitaceae family were taken from GenBank. The PAL 

gene of T. dioica showed 81% to 100% pairwise identity with other PAL genes 

of cucurbitaceae family.  

The PAL sequence was analysed through BLASTn programme and was 

aligned with other PAL gene sequences published in the GenBank. In the 

phylogenetic tree PAL gene of T. dioica formed a cluster with other PAL gene 

sequences of cucurbitaceae family and showed close relationship with 

Cucurbita moschata (97%) (Fig. 4.25).  

4.5.1.2. Analysis of peroxidase genes isolated from pointed gourd  

Sequencing of peroxidase gene developed a 500 nucleotide long sequence 

which was submitted to GenBank (Acc. no. MN400664). Sequence identity 

matrix of peroxidase was created in SDT v1.2 and presented in Fig. 4.26. 

For creation of the matrix, peroxidase gene sequences from different plant 

species including those of cucurbitaceae family were taken from GenBank. 

Peroxidase gene of T. dioica showed 79% to 100% pairwise identity with 

other peroxidase genes of cucurbitaceae family.  

The peroxidase gene sequence was analysed by BLASTn. Phylogenetic 

tree was also created to study the evolutionary relationship among the 

peroxidase sequences of different plants including that of cucurbitaceae 

(Fig.4.27). Peroxidase gene of T. dioica formed a cluster with other 
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peroxidase gene sequences of cucurbitaceae family. Peroxidase gene of the 

present study was closely related to Luffa aegyptiaca (97%).  

4.5.1.3. Analysis of polyphenol oxidase (PPO) genes isolated from 

pointed gourd 

Sequencing of PPO gene gave rise to a 450 nt long sequence which was 

submitted to GenBank (Acc. no. MN400663). Sequence identity matrix of 

PPO was created in SDT v1.2 and presented in Fig. 4.28. For creation of the 

matrix, PPO gene sequences from different plant species including those of 

cucurbitaceae family were taken from GenBank. PPO gene of T. dioica 

showed 64% to 100% pairwise identity with other PPO genes of 

cucurbitaceae family. 

PPO gene sequence was also subjected to BLASTn analysis and was 

aligned with other PPO gene sequences published in the GenBank. In the 

phylogenetic tree PPO gene of T. dioica formed a cluster with other PPO gene 

sequences of cucurbitaceae family and showed a close relationship with 

Momordica charantia (96%) (Fig. 4.29).  

4.5.1.4. Analysis of β-1,3-glucanase genes isolated from pointed gourd 

Sequencing of the β-1,3-glucanase gene amplicon produced a 390 nt long 

sequence which was submitted to GenBank (Acc. no. MN176099).  Sequence 

identity matrix was created in SDT v1.2 by using the β-1,3-glucanase gene 

sequence with other β-1,3-glucanase gene sequences of different plants 

including that of cucurbitaceae published in GenBank (Fig. 4.30). β-1,3-

glucanase gene of T. dioica showed 92% to 100% pairwise identity with other 

β-1,3-glucanase gene of cucurbitaceae family. 

β-1,3-glucanase gene sequence was analysed through BLASTn 

programme (Fig.4.31). In the phylogenetic tree, β-1,3-glucanase gene of T. 

dioica formed a cluster with other β-1,3-glucanase gene sequences of 

cucurbitaceae family. Cucurbita maxima (97%) showed close relationship 

with the pointed gourd β-1,3-glucanase gene sequence.  

4.5.1.5. Analysis of chitinase genes isolated from pointed gourd 

Sequencing of the chitinase gene provided a 450 nucleotide sequence which 

was submitted to GenBank (Acc. no. MN176100). Sequence identity matrix 

was created by SDT version 1.2., using chitinase gene sequence and some 
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other chitinase gene sequences published in GenBank (Fig. 4.32). T. dioica 

chitinase gene showed 62% to 100% pairwise identity with other chitinase 

genes of cucurbitaceae family.  

Chitinase gene sequence was analysed through BLASTn programme 

and a phylogenetic tree was constructed using chitinase gene sequence and 

some other chitinase gene sequences published in GenBank. Chitinase gene 

of T. dioica formed a cluster with other chitinase gene sequences of 

cucurbitaceae family (Fig.4.33). From the tree, it was evident that the gene is 

98% related to Cucumis sativus gene.  
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Fig. 4.24: Sequence identity matrix of isolated PAL gens with other PAL gene sequences 

published in the GenBank. Identity percentage corresponding to the color matrix is 

indicated in the right-hand side of the figure. 
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Fig. 4.25: Phylogenetic relationship of present isolated PAL gene with the other PAL gene 

sequences published in the GenBank using the neighbor joining method. Numbers at the 

nodes indicate the bootstrap percentage scores out of 1000 replicates 
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 Fig. 4.26: Sequence identity matrix of isolated Peroxidase  gene with other peroxidase 

gene sequences published in the GenBank. Identity percentage corresponding to the 

color matrix is indicated in the right-hand side of the figure. 
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Fig. 4.27: Phylogenetic relationship of present isolated Peroxidase (POD) gene with the other 

POD gene sequences published in the GenBank using the neighbor joining method. 
Numbers at the nodes indicate the bootstrap percentage scores out of 1000 replicates 

 



135 
 

 

 

  
Fig. 4.28: Sequence identity matrix of isolated Polyphenol oxidase (PPO) gene with 

other PPO gene sequences published in the GenBank. Identity percentage 

corresponding to the color matrix is indicated in the right-hand side of the figure. 
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Fig. 4.29: Phylogenetic relationship of present isolated Polyphenol oxidase (PPO) gene with the 

other PPO gene sequences published in the GenBank using the neighbor joining method. 
Numbers at the nodes indicate the bootstrap percentage scores out of 1000 replicates 
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Fig. 4.30: Sequence identity matrix of isolated β-1,3-glucanase gene sequence with 

other β-1,3-glucanase gene sequences published in the GenBank. Identity 

percentage corresponding to the color matrix is indicated in the right-hand side of 

the figure. 
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Fig. 4.31: Phylogenetic relationship of present isolated β-1,3-glucanase gene sequence with 

the other β-1,3-glucanase gene sequences published in the GenBank using the neighbor 

joining method. Numbers at the nodes indicate the bootstrap percentage scores out of 1000 

replicates 
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Fig. 4.32: Sequence identity matrix of isolated Chitinase gene with other Chitinase 
gene sequences published in the GenBank. Identity percentage corresponding to the 

color matrix is indicated in the right-hand side of the figure. 
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Fig. 4.33: Phylogenetic relationship of present isolated Chitinase gene with the other 
Chitinase gene sequences published in the GenBank using the neighbor joining 

method. Numbers at the nodes indicate the bootstrap percentage scores out of 1000 

replicates 
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4.5. Chapter V: Induction of plant defense by abiotic inducers and 

disease assessment 

Kritagyan et al. (1980) reported that, Fusarium equiseti was a pathogen of 

pointed gourd. In the present study F. equiseti showed highest disease index 

in comparison to other fungal pathogens isolated from pointed gourd plant. 

Hence, the fungal isolate F. equiseti was considered for further experiments 

related to induction of defense in pointed gourd plants. Seven different 

abiotic inducers (AABA, BABA, GABA, BTH, SA, ABA and H2O2) were used 

for the purpose. Induction of resistance in pointed gourd plants was 

evaluated by computing the mean foliar disease index based on visual 

observation. Procedures of the treatment and disease index computation 

process have been discussed in the materials and methods (sections 3.7). 

Concentration of the chemical inducers used in the present resistance 

induction process of pointed gourd was 1 mM. 

4.5.1. Induction of defense in pointed gourd plants by abiotic inducers 

and disease assessment against F. equiseti 

Four experimental sets designated as ‘untreated-uninoculated’, ‘untreated-

inoculated’, ‘treated-uninoculated’ and ‘treated-inoculated’ were taken into 

consideration for each elicitor application. Disease index was computed for 

the treated-inoculated plants and the untreated inoculated plants which 

were considered as control. Results showed that all the seven abiotic 

inducers reduced the disease significantly in comparison to control (Table. 

4.22; Fig. 34). After 24 hrs of inoculation, disease symptoms appeared in 

untreated-inoculated plants but not in those treated with any of the abiotic 

inducers.  After 5 days, the untreated plants showed disease index of 

6.25±0.02, thereafter, all plants died after 7 days.  BTH and ABA treated 

plants did not show any disease symptoms while AABA, BABA, GABA, SA 

and H2O2 treated plants showed differential disease index values after 7 days 

of inoculation. There was no visual change in the uninoculated plants. From 

the results it was evident that, the efficacy of BTH and ABA was best to 

decrease the disease incidence in pointed gourd plants against F. equiseti, in 

comparison to other abiotic inducers. 
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Table 4.22: Disease incidence of pointed gourd plants following the 

treatment of seven abiotic inducers against the fungus F. equiseti 

 

Treatments Mean foliar index disease /plant* 

Incubation periods (Days) 

1d 3d 5d 7d 

Untreated-inoculated 

(Control)** 

 

0.3±0.1154 

 

3.5±0.288 

 

6.25±0.0288 

 

Plant died 

Treated with AABA and F. 

equiseti inoculated 

 

- 

 

- 

 

- 

 

0.3±0.0577 

Treated with BABA and F. 

equiseti inoculated 

 

- 

 

- 

 

0.5±0.1 

 

0.65±0.0288 

Treated with GABA and F. 

equiseti inoculated 

 

- 

 

- 

 

2.85±0.42 

 

1.01±0.0440 

Treated with BTH and F. 

equiseti inoculated 

 

- 

 

- 

 

- 

 

- 

Treated with SA and F. 

equiseti inoculated 

 

- 

 

0.06±0.057 

 

1.5±0.288 

 

1.85±0.0288 

Treated with ABA and F. 

equiseti inoculated 

 

- 

 

- 

 

- 

 

- 

Treated with H2O2 and F. 

equiseti inoculated 

 

- 

 

- 

 

0.5±0.0577 

 

0.7±0.577 

  
* Mean of 3 replications; - = No disease symptom observed;  

Data after ± represent standard error values.  
** Data of other two sets (Untreated-uninoculated plants and of treated-uninoculated 

plants) not shown as no significant changes were visible. 
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Fig. 4.34: Efficacy of AABA and BABA treatment in pointed gourd plants for reducing 
disease severity following challenge inoculation with F. equiseti. (A) Healthy pointed gourd 

plants (untreated-uninoculated control); (B) Infected pointed gourd plant after 7 days of 
inoculation (untreated-inoculated); (C) AABA treated pointed gourd plant after 7 days of 

treatment; (D) AABA treated-inoculated pointed gourd plant after 7 days of treatment. (E) 

BABA treated pointed gourd plant after 7 days of treatment; (F) BABA treated-inoculated 

pointed gourd plant after 7 days of treatment. 
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Fig. 4.35: Efficacy of GABA and BTH treatment in pointed gourd plants for reducing 
disease severity following challenge inoculation with F. equiseti. (A) Healthy pointed gourd 

plants (untreated-uninoculated control); (B) Infected pointed gourd plant after 7 days of 
inoculation (untreated-inoculated); (C) GABA treated pointed gourd plant after 7 days of 

treatment; (D) GABA treated-inoculated pointed gourd plant after 7 days of treatment. (E) 

BTH treated pointed gourd plant after 7 days of treatment; (F) BTH treated-inoculated 

pointed gourd plant after 7 days of treatment. 
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Fig. 4.36: Efficacy of SA and ABA treatment in pointed gourd plants for reducing 
disease severity following challenge inoculation with F. equiseti. (A) Healthy 

pointed gourd plants (untreated-uninoculated control); (B) Infected pointed gourd 

plant after 7 days of inoculation (untreated-inoculated); (C) SA treated pointed 

gourd plant after 7 days of treatment; (D) SA treated-inoculated pointed gourd 

plant after 7 days of treatment; (E) ABA treated pointed gourd plant after 7 days 

of treatment; (F) ABA treated-inoculated pointed gourd plant after 7 days of 
treatment. 
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Fig. 4.37: Efficacy of H2O2 treatment in pointed gourd plants for reducing disease 
severity following challenge inoculation with F. equiseti. (A) Healthy pointed gourd 

plants (untreated-uninoculated control); (B) Infected pointed gourd plant after 7 days 

of inoculation (untreated-inoculated); (C) H2O2 treated pointed gourd plant after 7 days 
of treatment; (D) H2O2 treated-inoculated pointed gourd plant after 7 days of 

treatment. 
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4.5.2. Induction of defense-related enzymes in pointed gourd plant by 

abiotic inducers and studies on some defense related enzymes. 

Five different defense related enzymes were studied following induction of 

pointed gourd plants by seven known abiotic inducers. The enzymes are 

phenylalanine ammonia lyase (EC 4.3.1.24), peroxidase (EC 1.11.1.7), β-1,3- 

glucanase (EC 3.2.1.6), chitinase (EC 3.2.1.14) and polyphenol oxidase (EC 

1.10.3.2). 

4.5.2.1. Activity of phenylalanine ammonia lyase on application of 

abiotic inducers 

Phenylalanine ammonia lyase (PAL) is a key player in phenyl-propanoid 

pathway. This pathway converts L-Phenylalanine to trans-cinnamic acid 

first and then tras-cinnamic acid. The tras-cinnamic acid then synthesizes 

different defense related compounds like some phytoalexins (isoflavonoids, 

caumarins) and lignin (Dixon and Lamb, 1990; Mahadevan and Sridhar, 

1996). PAL activity has been reported to increase by the application of BTH 

(Gorlach et al., 1996) and BABA (Newton et al., 1997). 

In the present study, enzymatic response of PAL in pointed gourd 

plant was studied by the exogenous application of seven different abiotic 

inducers such as AABA, BABA, GABA, BTH, SA, ABA and H2O2. One month 

old pointed gourd plants were used for induction of PAL. The whole 

experiment was divided into four sets (untreated-uninoculated, untreated-

inoculated, treated-uninoculated and treated-inoculated) for each elicitor 

challenged with the pathogen F. equisei. The detailed procedure of 

application of abiotic inducers and challenge-inoculation with pathogen has 

been discussed in section 3.7 of the materials and methods. The detailed 

procedures of enzyme assay have been discussed in Section 3.8. 

Results have been presented in tables 4.23 and Fig. 4.37. From the 

results, it was found that all the treated, treated-inoculated and untreated-

inoculated plants showed an increased level of PAL activity in comparison to 

control (untreated-uninoculated). Among the tested elicitors, SA treated 

plants recorded highest increase in activity after 72 h of inoculation. There 

was more than 2.5 fold increase in activity in both treated uninoculated and 

treated inoculated sets. ABA and BTH also showed significant induction 
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ability. Both the ABA treated and ABA treated-inoculated plants showed 

high PAL activity (0.512 and 0.516 μmol min–1 g-1 fresh tissue respectively) 

followed by BTH treated and BTH treated-inoculated plants (0.45 and 0.485 

μmol min–1 g-1 fresh tissues respectively) after 72 hours of inoculation. The 

untreated-inoculated plants also showed increased level of PAL activity 

(0.493 μmol min–1 g-1 fresh tissues) but after seven days of inoculation. 

AABA and H2O2 showed moderate increase while GABA and BABA showed 

only marginal increase in PAL activity in the respective treated plants.  

  



149 
 

Table 4.23: Activity of phenylalanine ammonia-lyase in pointed gourd plants 

pretreated with seven chemical inducers followed by Fusarium equiseti inoculation 

 

Treatme

nt 

PAL activity* (µmol min–1g–1 fresh weight tissue) 

Time after inoculation 

0 min  3h  6h  12h  24h  48h  72h  5d  7d  

Control  0.197 

±0.0023  

0.197 

±0.0010  

0.199 

±0.0015 

0.201 

±0.0020 

0.206 

±0.0020 

0.209 

±0.0010 

0.21 

±0.0010 

0.211 

±0.0011 

0.211 

±0.0023 

AABA  0.197 

±0.0010 

0.254 

±0.0015 

0.274 

±0.0030 

0.319 

±0.0020 

0.374 

±0.0005 

0.263 

±0.0010 

0.249 

±0.0026 

0.222 

±0 

0.201 

±0.0011 

BABA  0.2 

±0.0010 

0.206 

±0.0015 

0.216 

±0.0015 

0.229 

±0 

0.231 

±0.0005 

0.247 

±0.0010 

0.225 

±0.0020 

0.219 

±0.0010 

0.211 

±0.0015 

GABA  0.198 

±0.0010 

0.201 

±0.0015 

0.202 

±0.0005 

0.209 

±0.0020 

0.217 

±0.0010 

0.223 

±0.0015 

0.23 

±0.0010 

0.207 

±0.0005 

0.203 

±0.0010 

BTH  0.202 

±0.0005 

0.256 

±0.0015 

0.317 

±0.0028 

0.333 

±0.0010 

0.424 

±0.0010 

0.45 

±0.0005 

0.339 

±0.0023 

0.223 

±0.0010 

0.207 

±0.0020 

SA  0.201 

±0.0015 

0.323 

±0.0005 

0.323 

±0.0015 

0.324 

±0.0010 

0.413 

±0.0011 

0.454 

±0.0020 

0.519 

±0.0020 

0.436 

±0 

0.319 

±0.0026 

ABA  0.197 

±0.0010 

0.23 

±0.0026 

0.303 

±0.0011 

0.305 

±0.0015 

0.512 

±0.0010 

0.404 

±0.0015 

0.282 

±0.0015 

0.251 

±0.0011 

0.227 

±0.0010 

H2O2  0.2 

±0.0015 

0.221 

±0.0015 

0.29 

±0.0005 

0.352 

±0.0010 

0.359 

±0.0015 

0.3 

±0.0005 

0.29 

±0 

0.247 

±0.0010 

0.216 

±0.0020 

AABA+ I  0.199 

±0.0026 

0.259 

±0.0015 

0.281 

±0.0015 

0.325 

±0.0005 

0.392 

±0.0010 

0.399 

±0.0026 

0.406 

±0.0005 

0.424 

±0.0010 

0.428 

±0.0010 

BABA + 

I  

0.198 

±0.0010 

0.202 

±0.0005 

0.205 

±0.0010 

0.209 

±0.0010 

0.22 

±0 

0.238 

±0.0020 

0.246 

±0.0015 

0.261 

±0.0010 

0.263 

±0.0005 

GABA + 

I  

0.199 

±0.0010 

0.208 

±0.0005 

0.22 

±0.0020 

0.232 

±0.0010 

0.239 

±0.0015 

0.253 

±0.0015 

0.257 

±0.0010 

0.262 

±0.0011 

0.268 

±0.0015 

BTH + I  0.2 

±0.0010 

0.257 

±0.0010 

0.325 

±0.0010 

0.339 

±0 

0.443 

±0.0005 

0.467 

±0.0015 

0.472 

±0 

0.476 

±0.001 

0.485 

±0.0005 

SA+ I  0.198 

±0.0015 

0.324 

±0.0015 

0.324 

±0.0020 

0.329 

±0.0010 

0.432 

±0.0017 

0.463 

±0.0015 

0.531 

±0 

0.543 

±0.0005 

0.548 

±0.0015 

ABA+ I  0.197 

±0.0015 

0.233 

±0.0010 

0.311 

±0.0017 

0.323 

±0.0015 

0.516 

±0.0015 

0.519 

±0.0010 

0.526 

±0.0017 

0.527 

±0.0010 

0.531 

±0.0020 

H2O2+ I  0.2 

±0.0015 

0.23 

±0.0026 

0.293 

±0.0010 

0.356 

±0.0005 

0.375 

±0.0015 

0.393 

±0.0010 

0.399 

±0.0005 

0.405 

±0 

0.41 

±0.0020 

Inoculat

ed  

0.198 

±0.0015 

0.199 

±0.0010 

0.199 

±0.0011 

0.2 

±0.0005 

0.249 

±0.0015 

0.307 

±0.0005 

0.368 

±0.0015 

0.421 

±0.0010 

0.493 

±0.0010 

          *Data are the mean values of three replications; Standard error values are indicated after data as ±. 

Abbreviations: AABA= α-amino butyric acid; BABA= β-amino butyric acid; GABA=  γ-amino butyric acid; 

BTH=  Benzothiadiazole   ; SA= Salicylic acid; ABA= Abscisic acid; H2O2= Hydrogen peroxide; I=Inoculated 
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Fig. 4.38: Activity of phenylalanine ammonia lyase in pointed gourd plant inoculated with 
F. equiseti and pretreated with different inducers (A) AABA; (B) BABA; (C) GABA; (D) BTH; 

(E) SA; (F) ABA and (G) H2O2. 
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4.5.2.2. Activity of peroxidase on application of abiotic inducers 

Peroxidase is a general stress related enzyme and has been reported to be 

induced in plants by various environmental changes such as salts, 

temperature, heavy metals and air pollution (Yi and Lee, 2003). Peroxidase 

is also considered as pathogenesis related protein (PR 9) and induction of 

this enzyme has been reported in plants by many scientists (Kumar et al., 

2008; Almagro et al., 2009; Prasannath et al., 2015). In the present study, 

enzymatic response of peroxidase in pointed gourd plant was studied by the 

exogenous application of seven different abiotic inducers as stated earlier.  

From the results (Table 4.24 & Fig 4.38) it was found that the 

peroxidase activity increased almost five fold in all the treated, treated-

inoculated and untreated-inoculated plants except those treated with SA 

where the increase was only two fold. After 72 hours, BTH treated and BTH 

treated inoculated plants showed highest enzyme activities (107.1 and 

112.76 ΔA420 min-1 g-1 fresh weight tissue respectively) followed by ABA 

treated and treated-inoculated plants (105.74 and 110.76 ΔA420 min-1 g-1 

fresh weight tissue respectively) after 72 hours. The untreated-inoculated 

plants also showed four- fold increase in peroxidase activity (89.02 ΔA420 

min-1 g-1 fresh weight tissue).  
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Table 4.24: Activity of peroxidase in pointed gourd plants pretreated with seven 

chemical inducers followed by Fusarium equiseti inoculation 

 
Treatment 

Peroxidase (POX) activity [ΔA420 min-1 g-1 fresh wt. tissue] 
0.001 absorbance=1 unit  

Time after inoculation  

0 min 3 hr 6 hr 12 hr 24 hr 48 hr 72 hr 5d 7d 

Control 22.76± 
0.072 

23.78± 
0.011 

25.46± 
0.185 

29.13± 
0.517 

31.17± 
0.294 

33.25± 
0.014 

33.77± 
0.093 

33.84± 
0.120 

34.08± 
0.163 

AABA 22.65± 
0.165 

28.14± 
0.094 

30.01± 
0.003 

33.52± 
0.029 

35.80± 
0.098 

42.47± 
0.052 

46.10± 
0.116 

51.74± 
0.133 

54.31± 
0.159 

BABA 22.9± 
0.046 

32.06± 
0.024 

37.15± 
0.035 

44.69± 
0.059 

52.64± 
0.065 

65.47± 
0.052 

82.10± 
0.116 

105.57± 
0.243 

120.64± 
0.539 

GABA 22.74± 
0.087 

34.16± 
0.02 

40.21± 
0.048 

48.52± 
0.358 

56.24± 
0.290 

70.80± 
0.377 

87.02± 
0.083 

115.34± 
0.614 

135.40± 
0.306 

BTH 22.83± 
0.033 

40.42± 
0.070 

45.78± 
0.041 

53.62± 
0.173 

64.77± 
0.040 

82.64± 
0.196 

107.1± 
0.413 

131.16± 
0.061 

154.54± 
0.113 

SA 22.83± 
0.081 

27.06± 
0.024 

31.15± 
0.035 

34.69± 
0.059 

38.98± 
0.382 

45.47± 
0.052 

52.10± 
0.116 

55.24± 
0.147 

70.31± 
0.209 

ABA 22.62± 
0.189 

39.05± 
0.024 

45.12± 
0.029 

55.12± 
0.029 

65.78± 
0.072 

78.97± 
0.006 

105.74± 
0.075 

130.27± 
0.046 

152.12± 
0.011 

H202 22.43± 

0.328 

37.20± 

0.053 

42.58± 

0.043 

51.26± 

0.360 

58.77± 

0.040 

76.90± 

0.063 

92.27± 

0.124 

125.76± 

0.244 

146.48± 

0.274 

AABA+I 22.58± 
0.140 

38.16± 
0.02 

44.21± 
0.048 

53.86± 
0.061 

59.58± 
0.080 

73.47± 
0.052 

90.68± 
0.254 

118.34± 
0.278 

142.07± 
0.029 

BABA+I 22.9± 
0.046 

40.16± 
0.02 

47.21± 
0.048 

53.86± 
0.061 

64.58± 
0.080 

78.47± 
0.052 

94.68± 
0.254 

124.34± 
0.278 

148.07± 
0.029 

GABA+I 22.74± 
0.087 

38.16± 
0.02 

46.21± 
0.048 

53.52± 
0.273 

65.58± 
0.080 

76.47± 
0.052 

93.68± 
0.254 

122.68± 
0.282 

148.07± 
0.029 

BTH+I 22.83± 
0.033 

42.94± 
0.033 

49.11± 
0.293 

56.29± 
0.300 

69.77± 
0.595 

86.64± 
0.196 

112.76± 
0.123 

136.16± 
0.061 

162.54± 
0.113 

SA+I 22.83± 
0.081 

37.42± 
0.277 

43.94± 
0.017 

52.69± 
0.309 

60.94± 
0.0176 

74.47± 
0.052 

91.35± 
0.323 

118.01± 
0.513 

142.07± 
0.029 

ABA+I 22.62± 

0.189 

42.42± 

0.070 

48.78± 

0.041 

55.62± 

0.173 

68.77± 

0.040 

85.64± 

0.196 

110.76± 

0.123 

135.16± 

0.061 

160.54± 

0.113 

H2O2+I 22.5± 
0.378 

39.87± 
0.324 

48.58± 
0.043 

55.92± 
0.029 

68.44± 
0.370 

79.24± 
0.270 

94.27± 
0.124 

128.42± 
0.253 

150.14± 
0.081 

Inoculated 22.57± 
0.058 

35.16± 
0.02 

42.21± 
0.048 

49.86± 
0.061 

58.58± 
0.080 

72.14± 
0.291 

89.02± 
0.083 

115.34± 
0.278 

140.07± 
0.029 

*Data are the mean values of three replications; Standard error values are indicated after data as ±. 

Abbreviations: AABA= α-amino butyric acid; BABA= β-amino butyric acid; GABA=  γ-amino butyric 

acid; BTH=  Benzothiadiazole   ; SA= Salicylic acid; ABA= Abscisic acid; H2O2= Hydrogen peroxide; 

I=Inoculated 
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Fig. 4.39: Activity of peroxidase in pointed gourd plant inoculated with F. equiseti and 

pretreated with different inducers (A) AABA; (B) BABA; (C) GABA; (D) BTH; (E) SA; (F) ABA 

and (G) H2O2. 
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4.5.2.3. Activity of β-1,3-glucanase on application of abiotic inducers 

Pathogenesis related protein β-1,3-glucanase has an important role in 

hydrolyzing β-1,3-glucans present in chitin, one of the major cell wall 

component embedded in matrix (Lawrence et al., 1996). Thus β-1,3-

glucanase plays a key role in plant defense against invading plant 

pathogenic fungi. Kini et al. (2000) has reported lower β-1,3-glucanase 

activity in the susceptible plants and a much higher activity in the resistant 

plants.  

In the present study, enzymatic response of β-1,3-glucanase in 

pointed gourd plant was studied by the exogenous application of seven 

different abiotic inducers. Maximum increase in enzyme activity was found 

after 72 hours of treatment in the treated-uninoculated plants as compared 

to the untreated-uninoculated control set (Table no. 4.25 and Fig. 4.39). 

Unlike the uninoculated sets, the inoculated sets showed increase in activity 

until the 7th day which reached almost 1.5 fold. In case of inducer treated 

plants, ABA treated plants showed highest enzyme activity (28.43 nmol min–

1 mg-1 fresh weight tissue) followed by BTH treated plants (28.14 nmol min–1 

mg-1 fresh weight tissue). In control plant sets (i.e. untreated-uninoculated) 

β-1,3-glucanase activity remained unchanged.           
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Treatment 

β-1,3-glucanase activity 

(nmol min–1mg–1 fresh weight tissue) 

Incubation period 

0 min 3 hr 6 hr 12 hr 24 hr 48 hr 72 hr 5 d 7 d 

Control 22.73± 

0.046 

22.78± 

0.011 

22.8± 

0.152 

22.46± 

0.185 

22.47 

±0.170 

22.64± 

0.067 

22.60± 

0.109 

22.42± 

0.124 

22.81± 

0.024 

AABA 22.55± 

0.138 

22.14± 

0.094 

22.01± 

0.003 

23.52± 

0.029 

24.61 

±0.098 

25.47± 

0.052 

26.44± 

0.249 

25.74± 

0.133 

24.08± 

0.284 

BABA 22.66± 

0.099 

22.06± 

0.024 

22.15± 

0.035 

23.69± 

0.059 

25.64 

±0.065 

27.47± 

0.052 

27.10± 

0.116 

25.24± 

0.147 

23.98± 

0.14 

GABA 22.40± 

0.255 

22.16± 

0.02 

22.21± 

0.048 

23.86± 

0.061 

26.24 

±0.290 

28.14± 

0.380 

27.02± 

0.083 

26.01± 

0.063 

25.07± 

0.029 

BTH 22.38± 

0.296 

22.20± 

0.053 

22.58± 

0.043 

23.92± 

0.029 

25.77± 

0.040 

27.90± 

0.063 

27.27± 

0.124 

25.42± 

0.253 

24.14± 

0.081 

SA 22.64± 

0.072 

22.1± 

0.011 

22.20± 

0.066 

23.19± 

0.046 

24.04± 

0.017 

24.67± 

0.096 

23.87± 

0.029 

23.44± 

0.061 

23.22± 

0.057 

ABA 22.46± 

0.176 

22.42± 

0.070 

22.78± 

0.041 

23.62± 

0.173 

24.77± 

0.040 

27.31± 

0.324 

28.43± 

0.286 

27.16± 

0.061 

24.54± 

0.113 

H202 22.48± 

0.127 

22.05± 

0.024 

22.12± 

0.029 

23.12± 

0.029 

23.78± 

0.072 

24.97± 

0.006 

23.74± 

0.075 

23.27± 

0.046 

23.12± 

0.011 

AABA+I 22.4± 

0.152 

22.28± 

0.068 

22.31± 

0.060 

23.62± 

0.029 

25.61± 

0.098 

26.47± 

0.052 

27.44± 

0.249 

29.41± 

0.257 

32.26± 

0.355 

BABA+I 22.26± 

0.328 

22.26± 

0.035 

22.63± 

0.200 

23.89± 

0.059 

25.91± 

0.048 

27.97± 

0.008 

28.86± 

0.088 

29.08± 

0.030 

31.66± 

0.243 

GABA+I 22.4± 

0.208 

22.36± 

0.075 

22.44± 

0.075 

24.08± 

0.1 

26.51± 

0.268 

27.64± 

0.330 

28.92± 

0.340 

29.98± 

0.258 

31.40± 

0.274 

BTH+I 22.83± 

0.033 

22.81± 

0.101 

22.94± 

0.017 

24.45± 

0.233 

26.03± 

0.053 

28.14±0 

.083 

28.80± 

0.144 

29.94± 

0.136 

32.39± 

0.277 

SA+I 22.5± 

0.416 

22.27± 

0.078 

22.72± 

0.129 

24.06± 

0.111 

24.81± 

0.048 

26.27± 

0.209 

27.98± 

0.069 

30.05± 

0.181 

32.13± 

0.095 

ABA+I 22.68± 

0.201 

22.76± 

0.14 

22.84± 

0.046 

23.68± 

0.176 

24.89± 

0.059 

27.40± 

0.297 

28.93± 

0.024 

30.52± 

0.216 

32.44± 

0.131 

H2O2+I 22.48± 

0.184 

22.24± 

0.040 

22.66± 

0.041 

23.52± 

0.029 

24.63± 

0.049 

25.95± 

0.040 

27.92± 

0.128 

29.70± 

0.081 

32.05± 

0.096 

Inoculated 22.57± 

0.058 

22.84± 

0.029 

22.94± 

0.180 

23.57± 

0.183 

24.84± 

0.034 

26.69± 

0.211 

28.16± 

0.176 

30.21± 

0.255 

32.67± 

0.225 

*Data are the mean values of three replications; Standard error values are indicated after data as ±. 

Abbreviations: AABA= α-amino butyric acid; BABA= β-amino butyric acid; GABA=  γ-amino butyric acid; 

BTH=  Benzothiadiazole   ; SA= Salicylic acid; ABA= Abscisic acid; H2O2= Hydrogen peroxide; I=Inoculated 

Table 4.25: Activity of β-1,3-glucanase in pointed gourd plants pretreated with 

seven chemical inducers followed by Fusarium equiseti inoculation 
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Fig. 40: Activity of β-1,3-glucanase in pointed gourd plant inoculated with F. equiseti and 

pretreated with different inducers (A) AABA; (B) BABA; (C) GABA; (D) BTH; (E) SA; (F) ABA 
and (G) H2O2. 
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4.5.2.4. Activity of chitinase on application of abiotic inducers 

Chitinases are belongs to the pathogenesis-related protein family (PR-3). It is 

one of the most important enzymes of plant defense system. It is one kind of 

glycosyl hydrolase, and catalyzes the degradation of the chitin, the major 

cell wall component of plant pathogens. During the time of infection 

chitinase released in plants and combat the disease incidence. In our 

present study, the chitinase activity was estimated by application of seven 

chemical inducers following challenge inoculation by Fusarium equiseti.  

From the results (Table 4.26 and Fig 4.40) it was found that the 

activity of chitinase enzyme was significantly increased (1.5 fold approx.) in 

treated, treated inoculated and inoculated plants. Results indicated that 

among chemical inducers, BTH and GABA treated plants showed maximum 

chitinase activity (35±0.57 μmol GlcNAc min–1 g-1 fresh weight tissues and 

32.66±0.33 μmol GlcNAc min–1 g-1 fresh wt. tissues respectively) after 24 hrs 

of treatment. On the other hand, ABA showed maximum increase in enzyme 

activity (34.66±0.33 μmol GlcNAc min–1 g-1 fresh weight tissues) after 48 

hours of treatment. There was a general decrease in enzyme activity in 

treated-uninoculated sets after 24–48 hours. The inoculated sets however 

maintained the elevated levels until 7 days. In control plants, chitinase 

activity remained unchanged. 
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Treatments 

Chitinase activity 
(µmol GlcNAc min–1 g-1 fresh weight tissue) 

Incubation period 

0 min 3 hr 6 hr 12 hr 24 hr 48 hr 72 hr 5 d 7 d 

Control 23.66± 
0.333 

23.66± 
0.333 

23.66± 
0.333 

24± 
0.577 

24± 
0.577 

23.66± 
0.333 

23.66± 
0.666 

24.33± 
0.333 

24± 
0.577 

AABA 23.33± 
0.666 

24± 
0.577 

25.33± 
0.333 

27± 
0.577 

30.33± 
0.333 

31.33± 
0.333 

32± 
0.577 

27.66± 
0.881 

26.66± 
0.333 

BABA 23± 
0.577 

23.66± 
0.333 

24.33± 
0.333 

27± 
0.577 

30± 
0.577 

32± 
0.577 

28.33± 
0.333 

26.66± 
0.881 

26.33± 
0.333 

GABA 22.66± 
0.333 

25.33± 
0.666 

27.66± 
0.666 

31.66± 
0.333 

32.66± 
0.666 

30± 
0.577 

29± 
0.577 

28.33± 
0.666 

27± 
0.577 

BTH 23± 
0.577 

24.33± 
0.333 

29± 
0.577 

30.66± 
0.333 

35± 
0.577 

32.66± 
0.333 

30± 
0.577 

26.66± 
0.333 

25.66± 
0.333 

SA 23± 
0.577 

25.66± 
0.666 

26.33± 
0.881 

26.66± 
0.333 

28± 
0.577 

30.66± 
0.333 

32.66± 
0.333 

27± 
0.577 

26.33± 
0.666 

ABA 22.66± 
0.333 

24.66± 
0.333 

25.66± 
0.333 

27.66± 
0.333 

31.33± 
0.666 

34.66± 
0.333 

32.33± 
0.666 

30± 
0.577 

26.66± 
0.666 

H202 23± 
0.577 

25.33± 
0.333 

28± 
0.577 

30.33± 
0.333 

31.66± 
0.333 

28.33± 
0.666 

26.33± 
0.333 

26± 
0.577 

25.33± 
0.333 

AABA+I 23± 
0.577 

24± 
0.577 

25.33± 
0.333 

27± 
0.577 

30.33± 
0.333 

31.33± 
0.333 

32± 
0.577 

32.66± 
0.333 

33± 
0.577 

BABA+I 22.33± 
0.333 

23.66± 
0.333 

24.33± 
0.333 

27± 
0.577 

30± 
0.577 

32.66± 
0.333 

33± 
0.577 

34.66± 
0.666 

35.33± 
0.666 

GABA+I 23± 
0.577 

25± 
0.577 

28± 
0.577 

31.33± 
0.333 

33± 
0.577 

33.66± 
0.333 

35.66± 
0.333 

36.33± 
0.333 

36.66± 
0.333 

BTH+I 23± 
0.577 

24.66± 
0.666 

29± 
0.577 

31.66± 
0.333 

35.66± 
0.333 

36± 
0.577 

36.33± 
0.333 

36.66± 
0.333 

37.33± 
0.333 

SA+I 23± 
0.00 

26± 
0.577 

26.66± 
0.666 

27.33± 
0.333 

28.66± 
0.333 

31± 
0.577 

33.33± 
0.333 

34.33± 
0.333 

35± 
0.577 

ABA+I 22.66± 
0.333 

24.66± 
0.333 

25.66± 
0.333 

27.66± 
0.333 

31.33± 
0.666 

34.66± 
0.333 

35.33± 
0.333 

36.33± 
0.666 

36± 
1.15 

H2O2+I 23.33± 
0.666 

25.33± 
0.333 

27.66± 
0.333 

30.66± 
0.333 

32± 

0.666 

32.33± 
0.666 

32.66± 
0.881 

34.66± 
0.666 

35± 
0.577 

Inoculated 22.66± 
0.333 

24.66± 
0.333 

25.66± 
0.333 

26.66± 
0.333 

27.66± 
0.333 

30.33± 
0.333 

32.33± 
0.333 

33.33± 

0.577 

35.66± 
0.333 

*Data are the mean values of three replications; Standard error values are indicated after data as ±. 

Abbreviations: AABA= α-amino butyric acid; BABA= β-amino butyric acid; GABA=  γ-amino butyric 

acid; BTH=  Benzothiadiazole   ; SA= Salicylic acid; ABA= Abscisic acid; H2O2= Hydrogen peroxide; 

I=Inoculated 

Table 4.26: Activity of chitinase in pointed gourd plants pretreated with seven 

chemical inducers followed by Fusarium equiseti inoculation 
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Fig. 4.41: Activity of chitinase in pointed gourd plant inoculated with F. equiseti and 

pretreated with different inducers (A) AABA; (B) BABA; (C) GABA; (D) BTH; (E) SA; (F) ABA 
and (G) H2O2. 
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4.5.2.5. Activity of polyphenol oxidase on application of abiotic 

inducers 

Polyphenol oxidase (PPO) is a group of copper containing enzymes that 

catalyze oxidation of hydroxy phenols to their quinine derivatives, which 

have antimicrobial activity (Shi et al., 2001). Because of its reaction 

products and wound inducibility, PPO plays a role in defense against plant 

pathogens (Mayer and Harel, 1979). 

In the present study, enzymatic response of polyphenol oxidase in 

pointed gourd plant was studied by the exogenous application of seven 

different abiotic inducers as stated earlier. From the results (Table 4.27 & 

Fig 4.41) it was found that the polyphenol oxidase activity increased almost 

2.5 fold in case of BTH treated plants followed by ABA treated plants. BTH 

and ABA treated plants recorded highest activity at 72 h (0.519 g-1 µmol 

fresh wt. tissue) and 48 h (0.502 µmol g-1 fresh weight tissue) respectively 

after which there was a sharp decline. However, the treated-inoculated 

plants maintained the high levels until the 7th day of evaluation.  
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Table 4.27: Activity of polyphenol oxidase in pointed gourd plants pretreated 
with seven chemical inducers followed by Fusarium equiseti inoculation 

 

 

Treat

ments 

Polyphenol oxidase activity= K x (ΔA Min-1) µmol Min-1 g-1fresh weight tissue 

(For PPO, K= 0.272) 

Incubation period 

0 min 3h 6h 12h 24h 48h 72h 5d 7d 

Contro

l 

0.197±0

.0006 

0.199±0

.0003 

0.199±0

.0008 

0.198±0

.0003 

0.200±0

.0008 

0.209±0

.001 

0.201±0

.0005 

0.211±0

.0011 

0.203±0

.0013 

AABA 0.199±0

.0005 

0.253±0

.0018 

0.264±0

.0012 

0.275±0

.0015 

0.312±0

.001 

0.404±0

.0015 

0.461±0

.001 

0.251±0

.0011 

0.223±0

.0003 

BABA 0.202±0

.0005 

0.236±0

.0015 

0.251±0

.0003 

0.273±0

.000 

0.324±0

.001 

0.45±0.

0005 

0.339±0

.0023 

0.223±0

.001 

0.207±0

.002 

GABA 0.199±0

.0006 

0.211±0

.0006 

0.225±0

.0013 

0.24±0.

0005 

0.321±0

.010 

0.347±0

.001 

0.393±0

.0006 

0.219±0

.001 

0.213±0

.0006 

BTH 0.197±0

.0003 

0.301±0

.0008 

0.333±0

.0015 

0.345±0

.0003 

0.413±0

.0011 

0.454±0

.002 

0.519±0

.002 

0.437±0

.001 

0.312±0

.0014 

SA 0.198±0

.0003 

0.274±0

.0015 

0.280±0

.0003 

0.31±0.

001 

0.354±0

.0005 

0.382±0

.001 

0.249±0

.002 

0.221±0

.0003 

0.201±0

.001 

ABA 0.196±0

.0003 

0.28±0.

0029 

0.397±0

.0003 

0.400±0

.0006 

0.425±0

.001 

0.502±0

.001 

0.43±0.

001 

0.307±0

.0005 

0.203±0

.0003 

H202 0.198±0

.0008 

0.284±0

.0018 

0.290±0

.0003 

0.311±0

.0012 

0.326±0

.0031 

0.396±0

.0013 

0.359±0

.0015 

0.3±0.0

005 

0.218±0

.0005 

AABA+

I 

0.201±0

.0006 

0.238±0

.0003 

0.252±0

.0006 

0.293±0

.0003 

0.324±0

.001 

0.45±0.

003 

0.481±0

.0005 

0.492±0

.0015 

0.499±0

.0005 

BABA+

I 

0.199±0

.0003 

0.275±0

.0005 

0.29±0.

0006 

0.33±0.

0006 

0.394±0

.0005 

0.406±0

.0005 

0.438±0

.0003 

0.451±0

.0003 

0.463±0

.0012 

GABA+

I 

0.195±0

.0028 

0.255±0

.0003 

0.284±0

.0012 

0.32±0.

0006 

0.352±0

.0005 

0.434±0

.0008 

0.459±0

.0003 

0.470±0

.0006 

0.482±0

.001 

BTH+I 0.197±0

.0005 

0.39±0.

001 

0.402±0

.0008 

0.408±0

.0003 

0.485±0

.001 

0.512±0

.0011 

0.524±0

.0006 

0.537±0

.0005 

0.549±0

.0008 

SA+I 0.192±0

.0063 

0.241±0

.0005 

0.247±0

.0006 

0.32±0.

0003 

0.36±0.

0005 

0.387±0

.001 

0.393±0

.0006 

0.409±0

.005 

0.419±0

.0003 

ABA+I 0.197±0

.0003 

0.301±0

.0006 

0.351±0

.0003 

0.372±0

.0013 

0.433±0

.0013 

0.465±0

.0003 

0.527±0

.0008 

0.536±0

.0006 

0.541±0

.0012 

H2O2+I 0.198±0

.0006 

0.288±0

.0003 

0.291±0

.0003 

0.329±0

.0006 

0.354±0

.0021 

0.411±0

.0005 

0.457±0

.0003 

0.471±0

.0008 

0.48±0.

0005 

Inocul

ated 

0.197±0

.0003 

0.227±0

.0008 

0.230±0

.0003 

0.253±0

.0011 

0.347±0

.0018 

0.407±0

.0005 

0.482±0

.0017 

0.521±0

.0006 

0.541±0

.0003 

*Data are the mean values of three replications; Standard error values are indicated after data as ±. 

Abbreviations: AABA= α-amino butyric acid; BABA= β-amino butyric acid; GABA=  γ-amino butyric 

acid; BTH=  Benzothiadiazole   ; SA= Salicylic acid; ABA= Abscisic acid; H2O2= Hydrogen peroxide; 

I=Inoculated 
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 Fig. 4.42: Activity of Polyphenol oxidase in pointed gourd plant inoculated with F. equiseti 

and pretreated with different inducers (A) AABA; (B) BABA; (C) GABA; (D) BTH; (E) SA; (F) 

ABA and (G) H2O2. 
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4.6. Chapter VI: Quantification of transcripts of Resistance (R) and 

Defense related (DR) genes in pointed gourd plants by semi-quantitative 

Reverse Transcriptase Polymerase Chain Reaction (RT-PCR) 

Reverse Transcription-Polymerase Chain Reaction (RT-PCR) is a very useful, 

specific and highly sensitive method for the detection of transcripts or for 

the analysis of samples available in limiting amounts (Erlich, 1989; Carding 

et al., 1992). Presently in most of the experiments of RNA analysis, 

quantitative analysis is required along with qualitative analysis. For this a 

number of improved PCR techniques and protocols are available. We can 

quantify the expression levels of transcript by the experiments (Gachon et 

al., 2004; Exner, 2010; Grosdidier et al., 2017). In most of the studies the 

focus is not to measure minor changes or specifically the exact number of 

molecules, but an increase or decrease of transcripts in expression levels 

(Marone et al., 2001). Hence, in spite of the greater accuracy of recently 

developed techniques such as real-time PCR, semi-quantitative PCR 

methods are still widely used and appropriate for many purposes in plant 

research (Choquer et al., 2003; Torp et al., 2006; Marone et al., 2001; Tang 

et al., 2007). The main reason of its popular use is that the semi-

quantitative method provides a combination of traditional PCR and 

transcript quantification at a relatively low cost (Marone et al., 2001). The 

semi-quantitative PCR equally confirm the up regulation and down 

regulation of transcripts (Souza et al., 2009). 

In our study, the semi-quantitative RT-PCR method was used to 

compare the expression of six defense related genes by the application of 

seven known chemical inducers. For this study, firstly, the RNA was isolated 

and quantified spectophotometricly. Thereafter RNA was purified and 

subjected to RT-PCR for gene specific transcripts. The quantification of 

transcript expression was normalized using the expression of a reference 

housekeeping gene (26S rDNA) on a gel electrophoresis analyzer. Finally, the 

band quantification was carried out by scanning densitometry using ImageJ 

software version 1.5.2v (National Institute of Health, USA) (Schneider et al., 

2012). The details of the study and analysis have been described below. 
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Altogether six defense related genes (Resistance gene analog (PGRGA), 

PAL, peroxidase, Chitinase, β-1,3-Glucanase and PPO) were studied 

following induction by chemical inducers.  Seven such inducers viz. (AABA, 

BABA, GABA, BTH, SA, ABA and H2O2) were used to treat one-month old 

pointed gourd plants. The un-treated plants were taken as ‘control set up’ 

the details of the procedure were described in the section 3.9.1. of materials 

and methods. Total RNA was extracted from all the ‘chemical inducer 

treated’ and ‘untreated control’ pointed gourd plant leaves using the protocol 

as described in section 3.9.2. The extracted RNA was quantified by the 

spectrophotometric quantification and the results showed that, in case of 

‘treated’ plants all the samples showed a high concentration of RNA in 

comparison with untreated control (Table. 4.28). 

 

Table 4.28: Spectrometric quantification of extracted RNA from ‘Treated’ 

and ‘untreated control’ plants 

Untreated 

Control 

(µg/ml) 

Chemical inducer treated (µg/ml) 

AABA BABA GABA BTH SA ABA H2O2 

46 98 96.5 95.8 97.2 96.8 90.4 72.2 

 

The defense related genes (Resistance gene analog (PGRGA), PAL, 

peroxidase, Chitinase, β-1,3-Glucanase and PPO) were quantified by a semi-

quantitative method by using Reverse Transcriptase Polymerase Chain 

Reaction (RT-PCR).  All the six genes along with one reference gene 26S 

rDNA gene was amplified from total RNA through reverse transctiption PCR 

(RT-PCR) as described in section 3.9.6. of the materials and methods. The 

gene specific primers were used (Table no. 3.4) to amplify the genes from the 

extracted RNA of ‘chemical inducer treated’ and ‘untreated control’ plants.  

The amplified products were subjected to digital analysis for 

quantification. For this the RT-PCR electrophoresis gel image was captured 

by camera (Canon EOS 3000D DSLR, Taiwan). The captured images were 

analyzed by ‘ImageJ’ software (National Institute of Health, USA).  
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From the results, (Fig. 4.43.A) it was found that, ‘chemical inducer 

treated’ plants showed high amount of RNA concentration in comparison 

with ‘untreated control’ plants. In case of PG-RGA amplicon analysis the 

‘treated’ plants accumulated more transcripts in comparison to ‘untreated 

control’ plants. Among them SA, GABA and AABA showed high peak when 

intensity measured by ImageJ (Fig. 4.44. A).  

In case of PAL, all the ‘treated’ plants showed higher transcript 

concentration as evident from high peak of transcripts in comparison to 

‘untreated control’ plants transcripts. SA, BTH and ABA treated plants 

showed highest peak (Fig. 4.44. B).  

In ImageJ analysis of Peroxidase, transcripts of ‘treated’ plants were 

higher than that of the ‘untreated control’ plants. Here all the treated plants 

showed similar length (Fig. 4.44. C).  

When the amplicons of β-1,3-Glucanase was analyzed by ImageJ, the 

‘treated’ plants showed high transcript concentration by showing a high 

peak in comparison with ‘untreated control plants’. In this case AABA, 

BABA, GABA and BTH treated plants showed high peaks (Fig. 4.45. A).  

Chitinase gel analysis of transcripts was also studied by ‘ImageJ’ 

software. In this study inducer ‘treated’ plants showed higher concentration 

of transcripts when compared with that of ‘untreated-control’ plants. GABA, 

BTH and SA treated plants showed high peaks (Fig. 4.45. B). 

Similar analysis was also done for PPO transcripts. In case of the 

study of PPO transcript, here also all the inducer ‘treated’ plants showed 

high concentration of transcripts against that of ‘untreated control’. More 

elaborately BTH, AABA, BABA, SA and ABA showed high peaks among the 

seven inducers studied (Fig. 4.45. C).  

When the amplicons of 26S rDNA was analyzed by ImageJ as a 

housekeeping gene, it was found that there was no differences in the 

transcript concentration between ‘chemical inducer treated’ plants and 

‘untreated control’ plants. All the amplicons showed similar kind of peaks 

(Fig. 4.43.B).  

Thus, in contrast to defense related genes, housekeeping gene was not 

induced by the inducers used in the present study. When all the expression 
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analysis results were compared with that of housekeeping gene, it may be 

summarized that, there is a strong possibility of induction of defense related 

genes following treatment of chemical inducers (Fig. 4.44).  

 

  

A 

B 

Fig. 4.43: Screenshots of the ImageJ window showing the selected RNA (A) and RT-

PCR bands of 26S rDNA (B) in rectangles and respective peaks after analysis. L1 & P1= 

Control;  

L2-L8 & P2-P8= AABA, BABA, GABA, BTH, SA, ABA and H2O2 treated samples 

respectively. 
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Fig. 4.44: Screenshots of the ImageJ window showing the selected RT-PCR 

bands of PG-RGA (A), PAL (B) and Peroxidase (C) in rectangles and respective 

peaks after analysis. L1 & P1= Control;  
L2-L8 & P2-P8= AABA, BABA, GABA, BTH, SA, ABA and H2O2 treated samples 

respectively. 

 

A 

B 

C 
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  Fig. 4.45. Screenshots of the ImageJ window showing the selected RT-PCR bands 

of β-1,3-Glucanase (A), Chitinase (B) and PPO (C) in rectangles and respective peaks 

after analysis. L1 & P1= Control;  

L2-L8 & P2-P8= AABA, BABA, GABA, BTH, SA, ABA and H2O2 treated samples 

respectively. 
. 

A 

B 

C 
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Fig. 4.46: Comparative visualization of RT-PCR amplified gene products in 

1.2% (w/v) agarose gel under UV transilluminator.  

L1=Control;  

L2-L8= AABA, BABA, GABA, BTH, SA, ABA and H2O2 treated samples 

respectively. 



170 
 

5. DISCUSSION 

Pointed gourd is a very popular vegetable crop grown throughout India. Still, 

from the literature searches it has been revealed that information on 

pathogens infecting pointed gourd is very less (Chaudhury, 1975; Bilgrami 

et al., 1979; Khatua et al., 1981, 2014; Guharoy et al., 2006; Mondal et al., 

2014). In the plains of sub-Himalayan West Bengal, pointed gourd is one of 

the major cultivated vegetable crops. Fungal infections are also more 

prominent in this area due to humid agro-climatic conditions. Considerable 

damage to the yield in cultivation has been reported (Guharoy et al., 2006; 

Mondal et al., 2014; Khatua et al., 2014). The farmers of this region largely 

depend on synthetic chemicals for fungal disease management. Use of these 

synthetic chemicals not only derive resistance in pathogen but also disturb 

the normal soil-microflora. It creates health hazards of different living 

organisms too. Under the circumstances, induction of inherent resistance in 

pointed gourd need to be exploited scientifically. Hence, the molecular 

events of the host pathogen interaction in pointed gourd plant need to be 

studied. Several chemical inducers have been reported in several plant-

pathogen combinations (Baysal et al., 2003; Aleandri and Reda, 2010; Yan 

et al., 2017). But till date, no work on induction of resistance in pointed 

gourd has been done. 

 At the onset of the present work, pointed gourd fields of six districts of 

sub-Himalayan West Bengal viz. Darjeeling, Kalimpong, Jalpaiguri, 

Coochbehar, Alipurduar and Uttar Dinajpur were surveyed for occurrence of 

different diseases. The main aim of this survey was to identify the causal 

agents of pointed gourd diseases of this region and to design a stable plant 

protection strategy for efficient disease management. 

During the course of the survey, different types of symptoms were 

found on leaves, stems and fruits. Some of the leaves showed blighted 

appearance. Some showed leaf spots (white and brown). Fruit rot was a very 

common symptom. Whole plant necrosis was also observed. Fruit 
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anthracnose was one of the major diseases, found to cause major yield loss 

in pointed gourd.  

 Altogether 13 fungal cultures (KHBR, PG-Ph, PG-Pha, PG-Tau, PG-

Gar, PG-Gua, PG-WD1, PG-KRA, PGISH, PG-Ish, PGAL, PGALD and PG-

WD2) were isolated from diseased leaves, stems and fruits growing in 

different crop fields following standard procedures. Pathogenicity tests were 

conducted which confirmed their pathogenicity in pointed gourd plant 

(variety: ‘Swarna Aloukik’). Studies on morphological characters of the 

thirteen pathogenic fungal isolates revealed that four of them belong to the 

genus Curvularia; three each belonged to genus Alternaria and Fusarium sp., 

and one each belonged to genus Aschochyta, Colletotrichum and Periconia 

sp.  

The reported fungal diseases of pointed gourd are fruit and vine rot by 

Phytophthora melonis (Guharoy et al., 2006), downy mildew caused by 

Pseudoperonospora cubensis (Mondal et al., 2014), fruit rot by Pythium 

aphanidermatum and P. cucurbitacearum (Chaudhuri, 1975), sclerotinia 

stem rot by Sclerotinia sclerotiorum (Khatua et al., 2014) and anthracnose by 

Colletotrichum capsici (Khatua, 2004).  

In the present times, in addition to morphological studies, 

identification of plant pathogens is based on DNA sequences of several genes 

such as the ribosomal RNA gene and the actin gene (White et al., 1990; Ates 

et al., 2021).  

In our study also, for further characterization of all the thirteen 

pathogens, ITS regions, 28S rRNA region and Actin gene has been taken into 

considerarion for amplification through PCR. The sequences of the 

amplicons were submitted in GenBank and the identities of all the thirteen 

isolates were confirmed by blast searches and phylogenetic analysis.  

The ITS region of rRNA was taken into consideration for phylogenetic 

analysis of fungi by many researchers (Castañeda-Ramírez et al., 2016; 

Badotti et al., 2017; Raja et al., 2017; Yarza et al., 2017; Mkumbe et al., 

2018). In our study also, sequences of ITS region was used for phylogenetic 

analysis of the isolated pathogens by comparing with that of similar 

sequences present in the GenBank. Results showed that our isolates shared 
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a common cluster with other strains of the same species. On the contrary, 

they formed different clusters with other species of the same genus. Thus 

our study again proved the accuracy of molecular identification and 

provided an idea about the close and distant relationships of our isolates 

amongst the other members of the same genus. 

In our study, among the thirteen isolated pathogens, ten isolates viz. 

Curvularia spicifera, Fusarium oxysporum, Colletotrichum orbiculare, 

Curvularia lunata, Curvularia aeria, Alternaria tenuissima, Periconia 

macrospinosa, Curvularia verruciformis, Aschochyta medicaginicola and 

Alternaria destruens is being reported for the first time as pathogen of 

pointed gourd. However, these are established plant pathogens and reported 

multiple times to infect several other crops.  

The fungus C. spicifera was previously isolated from different hosts 

viz. barley (Golzar, 1993; Abdallah Mohamed and Ali, 2013), wheat (Razavi 

and Amini, 1996), rice (Ouazzani Touhami et al., 2000; Benkirane, 1995; 

Gnancadja-André et al., 2004), Hibiscus rosa-sinensis (Meddah et al., 2006), 

Punica granatum (Kadri et al., 2011), Citrullus lanatus (El Mhadri et al., 

2009), Ficus retusanitida (Drider et al., 2011), Erythrina caffra (Kachkouch 

et al., 2011), strawberry (Mouden et al., 2016) and Musa accuminata 

(Meddah et al., 2010). Morphological characteristics of the current isolate of 

C. spicifera resembled that of the fungus C. spicifera (Bainier) Boedijn as 

described by Jeon et al. (2015). On the basis of molecular characterization of 

ITS region and 28S rRNA of LSU, our C. spicifera isolate clustered together 

with all other strains of C. specifera and Bipolaris spicifera (Jeon et al., 

2011). Present classification suggests that B. spicifera is an anamorph of C. 

spicifera and repositioned within the genus Curvularia (Curvularia group 2) 

of family Pleosporaceae (Jeon et al., 2015) 

Another fungus identified as pathogen of pointed gourd in the current 

study was F. equiseti, which is known to be pathogenic to several plants 

including pine (Lazreg et al., 2014), cumin (Ramchandra and Bhatt, 2013), 

cauliflower (Li et al., 2017), zucchini (Ezrari et al., 2020), wheat and 

heartleaf ice plant (Lahuf et al., 2018). The conidial and colony morphology 

and other morphological characteristics of the current isolate were similar to 
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previous descriptions of F. equiseti (Corda) Sacc. (Li et al., 2017). Our 

sequenced product of ITS region of Fusarium equiseti isolate clustered with a 

Malayasian and Chineese isolates. Similarly, sequenced product of partial 

28S rRNA of LSU of the present study clustered with Chineese and Brazilian 

isolates. Actin gene sequence clustered with an Indian isolate of Fusarium 

equiseti. Our molecular identification method was validated by Singh et al. 

(2016) who also identified F. equiseti by sequence of ITS region. 

F. oxysporum was previously found to damage celery (Lori et al., 

2008), strawberry plants (Koike et al., 2009; Fang et al., 2011a,  2011 b, 

2013; Koike et al., 2013), alfaalfa (Weimer, 1928), Gladiolus grandiflorus 

(Riaz et al., 2008), Lycopersicon esculentum (Singha et al., 2011), 

Chrysanthemum (Singh and Kumar, 2014), zucchini (Choi et al., 2015), 

Phaseolus vulgaris (Toledo‑Souza et al., 2012), chickpea (Jendoubi et al., 

2017), banana (Dita et al., 2018), watermelon (Dan. 2018) and pulses (Sinha 

et al., 2018). In our studies, the F. oxysporum isolate was similar in its 

morphological and culture characteristics to the fungus identified by Choi et 

al. (2015) as F. oxysporum E. F. Sm. & Swingle. Molecular identification of 

the species by ITS region study, 28S LSU region and Actin gene study 

following BLASTn analysis also confirmed our identification. Similar 

molecular identification of F. oxysporum was also done by Adame-Garcia et 

al. (2015). They identified F. oxysporum species by ITS region study. 

The anthracnose causing fungi C. orbiculare causes anthracnose of 

several plants viz. cucumber (Vakalounakis and Williams, 1991), 

watermelon (Koike et al., 1991; Monroe et al., 1997), Althaea officinalis 

(Michel, 2007) and muskmelon (Keinath, 2018). The morphological 

characteristics of our isolate were found similar to Colletotrichum orbiculare 

(Berk. & Mont.) Arx, (1957) as reported by Damm et al. (2013). In molecular 

characterization, based on ITS, 28S LSU region and Actin gene, our C. 

orbiculare showed 100% nt identity to that of C. orbiculare infecting Citrulus 

lantanus from India.  

Diseases caused by C. lunata were reported by many workers from 

time to time. This fungus infects a number of hosts such as andropogon 
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grass (Santos et al., 2018), Emblica officinalis (Ojha et al., 2017), Eriobotrya 

japonica  (Abbas et al., 2016), Dalbergia sissoo (Gupta et al., 2017), cassava 

(Msikita et al., 2007), Axonopus compressus (Zhang, 2017), Aloe vera 

(Avasthi et al., 2015), Oryza sativa (Kamaluddeen et al., 2013; Majeed et al., 

2015), Solanum melongena (Chaudary et al., 2016), sorghum (Akram et al., 

2014) and Brassica rapa (Wonglom et al., 2018). Morphological 

characteristics of our isolate resembled the characristics of Curvularia 

lunata (Wakker) Boedijn described by Zhang et al., (2017). Our sequenced 

product of the ITS region showed 100% nt identity with C. lunata infecting 

rose from Pakistan. Alex et al. (2013) also identified C. lunata by ITS 

sequencing and BLASTn analysis. Our sequence of partial 28S rRNA of LSU 

(Acc. No. MN006674) showed 100% similarity with the C. lunata (Acc. No. 

KX100880) infecting Zea mays from China. The BLASTn analysis of Actin 

gene sequence (Acc. No. MN938366) also showed 100% similarity with C. 

lunata Actin (Acc. No. KC485080) from China. 

Several works have been done to study the A. alternata infections on 

many plants such as, Aloe vera (Silva and Singh., 2012),  Gerbera jamesonii 

(Nagrale et al., 2013), Cajanus cajan (Sharma et al., 2013), Aegle marmelos 

(Maurya et al., 2016), Corylus heterophylla (Cheng et al., 2017), Rhodiola 

rosea (Liu et al., 2017), Drimia maritime (Bagherabadi et al., 2017), Solanum 

lycopersicum (Ren et al., 2017), Hydrangea paniculata (Liu et al., 2017), 

Ficus carica (Dogan et al., 2018), Avena stiva (Raza et al., 2018), Coriandrum 

sativum (Mangwende et al., 2018), Medicago sativa (Abbasi et al., 2018), 

Sonchus oleraceus (Abdessemed et al., 2019), Xanthium strumarium 

(Abdessemed et al., 2019), Sonchus asper (Akhtar, 2019) and Rosa hybrida 

(Fang et al., 2020). Our A. alternata showed more than 90% ITS sequence 

similarity with two A. alternata isolates of China. Similar study of ITS 

sequence based identification was also done by Mohammadi and 

Bahramikia, (2019) for identification of Alternaria alternata. Our 28S rRNA 

of LSU region sequence showed 100% nt identity with A. alternata from 

India. The Actin gene sequence of the present study also showed 100% nt 

identity with A. alternata from India and South Korea. Thus based on the 
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morphological as well as the molecular characteristics our isolate was 

confirmed as A. alternata (Fr.) Keissl., as it shared morphological similarity 

to that described by Zhu and Xiao (2015). 

Another species of Alternaria, i.e. A. tenuissima have been reported in 

potato (Jarchelou et al., 2013), cabbage (Rahimloo and ghosta, 2015), 

Avicennia marina (Lin et al., 2016), raspberry (Cong et al., 2016), Picrorhiza 

kurroa (Vashisht and Chauhan, 2016), Paeonia lactiflora (Sun and Huang, 

2017), lentil (Prasad et al., 2017), Russian olive (Chen et al., 2018), black 

chokeberry (Wee et al., 2018), Pittosporum tobira (Liu et al., 2018), sugar 

beet (Khan et al., 2019), Dioscorea polystachya (Li et al., 2019), kiwi fruit (Li 

et al., 2019), Iris tectorum (Sun et al., 2019), Nelumbo nucifera (Zhang et al., 

2019) and Coreopsis lanceolata (Li and Liu., 2019). Sharma et al. (2012) 

identified A. tenuissima causing Alternaria blight in pigeon pea in India by 

ITS region of rRNA study along with morphological study. We also confirmed 

our isolate as A. tenuissima on the basis morphological as well as the 

molecular characteristics. Our isolate was found to be similar with A. 

tenuissima (Kunze) Wiltshire as described by Fu et al. (2019).  

A. destruens was previously reported as a pathogen from Cuscuta 

gronovii (Simmons, 1998), sunflower, eggplants, barley, mango (Ershad, 

2009), prunus (Hashemloo et al., 2015), cabbage (Rahimloo and Ghosta, 

2015) and Ligustrum sinense (Yang et al., 2019). We also found A. destruens 

in pointed gourd and the morphological characteristics of the isolate were 

similar to the fungus described by Simmons, (1998) and Yang et al. (2019). 

Molecular identification by ITS region of rRNA also confirmed our 

identification. Molecular identification of A. destruens by ITS region of rRNA 

was also done by Dehdari et al. (2019). 

The fungi C. aeria was also reported by several workers as a pathogen 

of wheat (Carranza and Sisterna, 1989), groundnut (Bansal and Mali, 1998), 

Zoysia japonica (Nechet, and Halfeld-Vieira, 2005), switchgrass (Fajolu et al., 

2012), Etlingera linguiformis (Kithan and Daiho, 2014), Ficus religiosa (Nayab 

and Akhtar, 2016), tomato (Iftikhar et al., 2016), Helianthus annuus 

(Valázquez-del Valle et al., 2017) and lettuce (Pornsuriya et al., 2018). Our 
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isolated fungus was similar with that of the fungus isolated by Pornsuriya et 

al. (2018) from the leaf spot lesions and identified as Curvularia aeria (Bat., 

J.A. Lima and C.T. Vasconc.). Our morphological identification of Curvularia 

aeria isolate was confirmed by molecular analysis of ITS region and partial 

28S rRNA of LSU. Both the sequence analysis showed 100% sequence 

similarity with some Curvularia aeria isolates. Our Actin gene sequence 

showed 97–98% sequence similarity with Actin gene of other species of 

Curvularia (Acc. No. HE792946, KC485080). Our Actin gene sequence (Acc. 

No. MN938367) of C. aeria is the first submitted sequence in the GenBank. 

C. verruciformis was reported in lemongrass (Barua and Bordoloi, 

1983) and wheat (Agarwal and Sahni, 1963). The morphological 

characteristics of the fungus of the present study resembled to the 

morphological description of C. verruciformis reported by Agarwal and Sahni 

(1963). Our isolate was also subjected to multilocus phylogeny (separately) 

including rRNA ITS sequence analysis and identification was confirmed. 

Multilocus phylogeny based identification including ‘rRNA ITS sequence 

analysis’ was also done by Marin-Felix et al. (2020). Thus our identification 

was validated by molecular method. 

Van Dyk, (2004) reported P. macrospinosa as a pathogen of wheat. 

Our isolate from pointed gourd was identified as Periconia macrospinosa on 

the basis of conidial morphology in comparison with Periconia macrospinosa 

Lefebvre as described with Johnson (Ellis 1968). In our study, we confirmed 

our morphological identification by molecular characterization of rRNA ITS 

sequence analysis. Similarly Yuan et al. (2010) also used this molecular 

technique to identify P. macrospinosa along with 30 other fungal species. 

They detected on the basis of 99% nt similarity. Our species showed 99–

100% sequence identity with ITS, 28S LSU region and Actin gene of P. 

macrospinosa strain CBS 135663 (ITS: KP183999; 28S LSU: KP184038 and 

Actin: KP184117) from Hungary.  

Chen et al. (2015) reported A. medicaginicola as a pathogen of alfalfa, 

lentil and chickpea. Our isolate was also identified as Ascochyta 

medicaginicola Q. Chen & L. Cai because morphological characteristics were 
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similar to that described by Chen et al. (2015). In addition our isolate was 

also identified by three different molecular markers such as rRNA ITS 

sequencing, partial 28S rRNA of LSU gene sequencing and Actin gene 

sequence followed  BLASTn analysis. Khodaei et al. (2019) also identified A. 

medicaginicola by three different molecular markers including rRNA ITS 

sequencing. Thus our identification was validated as other workers have 

worked out. 

To study more about the isolated pathogens, seven different culture 

media (viz. PDA, OMA, YEMA, MEA, PGDA, CDA and RA), three different pH 

(pH 3.5, pH 5.5 and pH 7.5) and three different temperatures (23° C, 28° C 

and 33° C) were used to determine the growth of the isolated fungi. Similar 

kind of study was done by Kim et al. (2005) in which they determined the 

growth and sporulation of Sphaeropsis pyriputrescens in different growth 

media. According to them PDA showed better growth of mycelia whereas 

OMA was found as most suitable for production of conidia and pycnidia. 

Sharma and Pandey (2010) in their study used three different culture media 

viz., PDA, Czapek’s Dox + Yeast Extract Agar (CYA) and Lignocellulose Agar 

(LCA) to check the growth of different fungi. From their result it was found 

that, Acrem onium kiliense and Penicillium sp. exhibited maximum colony 

growth on PDA, while Fusarium oxysporum and Chaetomium funicola showed 

highest growth on CYA medium. Uthayasooriyan et al. (2016) studied the 

growth of Trichoderma sp., Aspergillus sp., Penicillium sp., Sclerotium sp. and 

Fusarium sp. in different culture media. From their result it was showed 

that, in comparison with NA and PDA the other materials such as chickpea, 

dhal, thinai, rice, natural soy flour, and corn can be used as alternative 

nutrient media for mycological studies. In addition several other workers 

used different culture media to determine the growth of different isolated 

fungi (Meletiadis et al., 2001; Álvarez-Pérez et al., 2011; Basu et al., 2015; 

Muggia  et al., 2017; Mannaa and Kim 2018; Pang et al., 2020). 

 In our study also (among the seven media tested), PDA medium was 

found to be best for maximum growth of mycelia of almost all (12 out of 13) 

the isolated fungi. Only Colletotrichum sp. showed best vegetative growth in 
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OMA medium. In all the cases, OMA was recorded as excellent medium for 

sporulation. As our thirteen pathogens were isolated from pointed gourd 

plants, so pointed gourd dextrose agar (PGDA) was also used but a minimal 

type of growth and sporulation was found. 

In growth and sporulation of microorganisms, pH plays an important 

role. Till date a number of works have been done on the influence of 

different pH in fungal growth (Yamanaka, 2003; Yigit et al., 2007; Rousk et 

al., 2009; Tyagi and Paudel, 2014; Zhang et al., 2016; Vylkova, 2017). 

According to them fungi grow in a wide range of pH and they also reported 

that pH range differ for growth and sporulation of different fungi. In case of 

our study the influence of different pH on the mycelial growth showed that, 

the mycelial growth was highest at pH 5.5. Medium to low growth was 

recorded at pH 3.5 and pH 7.5.  

Like pH, temperature also plays a major role in growth and 

sporulation of different fungi. Influence of different temperature on fungal 

growth was also studied by many workers (Pietika¨inen et al., 2005; Li et al., 

2008; Ibrahim et al., 2011; Singh and Chauhan, 2013; Lazarević et al., 

2016; De Ligne et al., 2019; Mshelia  et al., 2020). In their study they used 

different range of temperature (eg. 0°C to 50°C) and found that 25°– 30° C 

temperature showed maximum growth in most of the cases. In our study 

also mycelia growth was found in 23°– 33°C temperature, but the optimum 

temperature for the growth of all the isolated pathogens was 28° C.  

A number of studies have been done regarding the R-gene and other 

defense related genes (DR) in cucurbitaceae viz. Luffa sp., Cucurbita sp., 

Citrullus sp., Cucumis sp. etc. (Andolfo et al., 2017; Lin et al., 2013; Saha et 

al., 2013; Harris et al., 2009; Wan and Chen, 2010; Brotman et al., 2002; 

Gharaei and Zamharir, 2017; Bartholomew et al., 2019; Dong et al., 2013).  

But no information is available about the gene sequences related to plant 

defense mechanism of Trichosanthes dioica. Till date no comprehensive 

study has been done to focus genome wide identification and 

characterization of R and DR genes in the Trichosanthes dioica. Further the 

evolutionary relationship of different categories of Trichosanthes dioica R 
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and DR genes within the family and across different plant species level is 

also lacking. 

In the present study, one R-gene viz. Pointed Gourd Resistance Gene 

Analogs (PG-RGA) and five DR-genes (PAL, Peroxidase, Glucanase, Chitinase 

and PPO) were extracted from pointed gourd plant by using gene specific 

primers. After cloning, sequencing, BLASTn analysis and annotation, genes 

were submitted to the GenBank and their GenBank accessions have been 

procured. The R and DR genes were subjected to sequence similarity study 

and phylogenic analysis following multiple sequence alignment and 

construction of neighbor-joining tree.  

Studies were conducted to identify the homologues of R genes within 

other genomes of cucurbitaceae. Results revealed that in cucurbitaceae both 

‘CC-NBS’ and ‘TIR-NBS’ kind of motifs are present. The PG-RGA gene 

sequence obtained in this study belonged to the group ‘CC-NBS’ and it 

showed a close sequence similarity with that of Cucurbita moschata 

sequences. This is the first report of any R gene in T. dioica. These types of 

genes producing non TIR domain resistance proteins belong to 2nd class of 

resistance genes out of five classes proposed (Bent, 1996; Hammond-Kosack 

and Jones, 1997; Ellis and Jones, 2000). A literature study reveals several 

reports on resistance genes from Cucubitaceae. For instance, Brotman et al. 

(2002) reported that the homologues of NBS-LRR genes in Cucumis melo 

include those with both TIR domain and non-TIR domain. Other authors 

have also obtained similar results in various species including Citrullus 

lanatus var. lanatus (Harris et al., 2009), Cucumis hystrix (Wan et al., 2010), 

cucumber, melon and watermelon (Lin et al., 2013; González et al., 2014) 

and Cucumis sativus (Wan et al., 2013). 

The phylogenetic analysis of DR genes (PAL, Peroxidase, Glucanase, 

Chitinase and PPO) was also done with their identical genes present on the 

genome of same and allied family. This is the first report on study of these 

DR genes from T. dioica plants. Phylogenetic analysis revealed that all the 

sequences obtained in this study formed a cluster with other respective 

genes of cucurbitaceae and showed a close relationship; while it showed 

distant relationship with respective genes of other families. From the 
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analysis it may be concluded that each of the DR genes of cucurbitaceae 

family shared a similar ancestry.  

Till date several studies have been done for characterization of PAL 

genes in different plants and their expression under different stress 

conditions. Hu et al. (2011) in their study characterized the PAL gene from 

Cistanche deserticola. Gao et al. (2012) characterized the expression profile 

of PAL gene from Jatropha curcas. Alvarez et al. (2013) studied the 

differential expression of PAL gene from Banana induced by Mycosphaerella 

fijiensis Infection. Dong et al. (2013) did a study on genome-wide 

characterization of PAL gene family in Citrullus lanatus. Dong et al. (2016) 

isolated different PAL gene families in cucurbit species and studied their 

structure, expression and evolution. Yan et al. (2019) in their work also 

identified the PAL Gene Family in Juglans Regia and studied the 

transcriptional expression pattern of it. Similar kind of work was done by 

Hossain et al. (2020). They also characterized the PAL gene family and their 

transcriptional expression in Corchorus olitorius. Peroxidase gene was also 

characterized and their expression in different stress condition was also 

studied by several workers. Kumar et al. (2008) isolated and characterized 

peroxidase gene from the leaves of Ricinus communis. Chen and Vierling 

(2009) characterized the peroxidase gene from soybean seed coat. Fan et al. 

(2014) studied the Class III Peroxidase gene from Cucumber under salt 

stress. Basha and Rao (2017) purified and characterized the peroxidase gene 

from sprouted green gram roots. Wu et al. (2019) studied different aspects 

(such as identification, duplication, expression and phylogeny) of Class III 

peroxidase gene family in Cassava plants. Recently, Li et al. (2020) 

characterized peroxidase gene from Camellia sinensis and studied their 

expression profiles under drought stress. The β-1,3-glucanase gene and its 

expression in different stress conditions was also studied by several 

workers. Liu et al. (2010) cloned and characterized the wheat β-1,3-

glucanase gene induced by the stripe rust pathogen Puccinia striiformis f. sp. 

tritici. The role of the endo-β-(1, 4)-glucanase gene in strawberry fruit 

softening was evaluated by Mercado et al. (2010). Dogra and Sreenivasulu 

(2014) characterized the β-1, 3-glucanase gene from Podophyllum 
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hexandrum. Xu et al. (2016) characterized the β-1,3-glucanase gene family 

in Gossypium. β-1,3-glucanase gene was characterized from Hevea 

brasiliensis by Radhakrishnan et al. (2020). Characterization of Chitinase 

gene and its over expression study is a interesting research topic for many 

workers till date. Veluthakkal and Dasgupta (2012) characterized the class I 

chitinase gene from the actinorhizal tree Casuarina equisetifolia. Expression 

of a rice chitinase gene was studied by Das and Rahman (2012). Ďurechová 

et al. (2013) characterized the chitinase gene of Drosera rotundifolia. Su et 

al. (2015) identified the Chitinase gene family in sugarcane and studied their 

transcript level and phylogeny. Cao and Tan (2019) studied the Chitinase 

family genes in Solanum lycopersicum. In a recent study, Ojaghian et al. 

(2020) worked on the effect of introducing Chitinase gene and studied the 

resistance of tuber mustard against white mold. Till now, several workers 

studied the characterization, phylogeny, evolulation and expression pattern 

of polyphenol oxidase gene in different plants. Wu et al. (2010) cloned the 

polyphenol oxidases gene from Camellia sinensis and studied their 

expression pattern. Tran and Constabel (2011) characterized the polyphenol 

oxidase gene family in poplar and also studied their phylogeny as well as 

differential expression. Hystad et al. (2015) studied the expression analysis 

of polyphenol oxidase in Triticum aestivum.  Kaintz et al. (2015) 

characterized the polyphenol oxidase gene from Coreopsis grandiflora. Liu et 

al. (2015) worked with the purification and structural analysis of 

membrane-bound polyphenol oxidase from Fuji apple. Derardja et al. (2017) 

characterized the polyphenol oxidase gene from Prunus armeniaca. Huang et 

al. (2018) isolated two new polyphenol oxidase genes of Camellia sinensis. 

‘Induced resistance’ is an alternative approach for plant protection 

because it minimizes the use of toxic chemicals for disease control. Induced 

resistance is not based on direct defense activation by the inducing agent, 

but on a faster and stronger activation of inducible defense mechanism once 

the plant is exposed to the pathogen. This enhanced capacity to express 

basal defense mechanisms is called potentiation, sensitization or priming 

(Conrath et al., 2015). Some known chemical inducers viz. α-Aminobutyric 

acid (AABA), β-aminobutyric acid (BABA), γ-amino butyric acid (GABA), 
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2,1,3-Benzothiadiazole (BTH), Salicylic acid (SA), Abscisic acid (ABA) and 

Hydrogen peroxide (H2O2) has been reported to induce resistance against a 

wide range of pathogens in a number of plant species.  

In the present study, the above seven inducers were used to elicit 

defense response in pointed gourd against F. equiseti which was isolated 

from affected plants and showed severe disease manifestation in 

experimental plants. Results showed that, BTH and ABA were better 

inducers to resist disease among the tested inducers. Similar studies were 

done by Moosavi (2017) and Ullah et al. (2019), where they showed that the 

disease severity was less in tomato and poplar plants respectively, by the 

application of ABA. BTH also developed resistance and reduced infection in 

Brachypodium distachyon and potato plants against Rhizoctonia solani 

(Kouzai et al., 2018) and Fusarium sulphureum  (Jiang et al., 2019) 

respectively. Thus our findings of application of ABA and BTH as resistance 

inducers were in agreement with that of other scientists.  

In the present study, PAL activity was induced to maximum levels (2.5 

fold increase) by treatment with SA. Significant increase of the enzyme was 

also observed in ABA and BTH treated plants. Chandra et al. (2007) studied 

PAL activities leading to decline in disease formation caused by Rhizoctonia 

solani following application of SA and found about four fold increase in level 

of PAL. Umar et al. (2019) estimated the probable role of induced systemic 

acquired resistance in mungbean against Mungbean yellow mosaic virus 

(MYMV) disease. They found that, exogenous application of SA and BTH 

triggered the Salicylic acid pathway and enhanced the resistance in 

mungbean plants. Thus our result of increased PAL activity following 

application of SA, ABA and BTH was in good agreement with the previous 

workers. In strawberry, ABA treatment was reported to induce PAL enzyme 

activity (Jiang et al., 2003). 

In this study, when level of Peroxidase was studied following 

application of seven inducers, about 5 fold increase in enzyme level was 

found to occur by ABA, BTH, AABA, GABA, BABA and H2O2 but SA did not 

induce the enzyme level significantly. Highest peroxidase activity was 
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recorded in BTH and ABA-treated plants. Lin and Kao (2001) found ABA 

treated rice plants could increase the Peroxidase enzyme level significantly.  

In the current study, β-1,3-glucanase was found to increase up to 1.5 

fold after 7 days of inoculation. ABA and BTH treated plants also showed 

increased level of enzyme activity. In addition, Chitinase activity was found 

to be induced to highest levels by treatment of BTH and BABA. Burketova et 

al. (1999) also studied that BTH increased the chitinase and β-1,3-

glucanase activity in sugar beet plants. Similar kind of study was done by 

Baysala et al. (2003) where they reported that, BTH could increase the 

chininase and peroxidase activity in tomato plants. 

From the present experimental results, it was found that the PPO 

activity increased almost 2.5 fold in case of BTH treated plants followed by 

ABA treated plants. Induction of PPO in tobacco plants by ABA treatment 

was shown by Aziz et al. (2017). BTH treatment also up regulated PPO in tea 

plants (Li et al., 2018). Thus our results of PPO induction in pointed gourd 

plants by ABA and BTH are in agreement with that of some previous 

workers. 

In this study, the over-expression of R and DR genes were assessed by 

the semi-quantitative analysis by using Reverse Transcriptase PCR 

technique with specific primers. To normalize the analysis, one 

housekeeping gene (26S rDNA) was taken into consideration. Densitometric 

analysis of the developed agarose gels carrying total RNA and RT-PCR 

products was done with the help of software ImageJ version 1.5.2v. All the 

seven chemical inducers used in this study were applied in two broad 

experimental set ups, ‘untreated-control’ and ‘inducer-treated’ experimental 

plants. From the results it was evident that, the ‘inducer treated’ plants 

showed more RNA concentration in comparison with ‘untreated control’. 

Similar kind of RNA quantification study and their semi-quantitative 

analysis was done by Das et al. (2017) where they reported increased 

amount of RNA in comparison to control. 

 In densitometric analysis of R gene, all the inducer treated plants 

showed higher peak length in comparison to their respective control. But in 

case of housekeeping gene the peak length remained the same. This 
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indicates that the levels of NBS gene expression may be elevated by 

application of inducers. Similarly, Radwan et al. (2005) used the semi-

quantitative method to study over-expression of sunflower NBS gene in 

healthy and infected plants by comparing it with a housekeeping gene. Chen 

et al. (2009) also used the semi-quantitative method in a study in sweet 

potato. They studied NBS gene expression in different plant parts, in 

comparison to a housekeeping gene. Wan et al. (2012) used similar semi-

quantitative analysis in their over-expression study of pepper NBS gene by 

SA and ABA and also showed an increased intensity of band concentration 

in comparison to housekeeping gene. Other authors (Wang et al., 2013; 

Gong et al., 2013) studied the over-expression of rice NBS gene using the 

semi-quantitative method for their analysis.  

In case of PAL gene over-expression study, it was found that all the 

inducer treated plants showed high intensity peak in comparison with 

untreated control. On the other hand, housekeeping gene showed same 

intensity peak in all the treated and control set up. Ejtahed et al. (2015) 

studied the expression pattern of Salvia officinalis and Salvia virgata shoots 

under SA elicitation by using semi-quantitative method. They used 18S gene 

as a housekeeping one. From their results, they were of opinion that SA 

induces PAL gene expression in different plant parts. Das et al. (2017) also 

studied the PAL gene induction by BTH against Lasiodiplodia theobromae in 

tea. They also suggested that, BTH induced PAL gene expression at higher 

level.  

In case of over-expression study of peroxidase gene, it was found that 

all the seven inducer treated plants showed higher intensity peak in 

comparison with untreated control. It may give an idea about over-

expression of peroxidase gene by comparing it with housekeeping gene. 

Cosio and Dunand, (2010), in their transcriptome analysis of peroxidase 

gene in Arabidopsis plant used similar kind of semi-quantitative method. 

Kim et al. (2012) also did similar kind of semi-quantitative assay to analyze 

the effect of cold stress in peroxidase gene expression in comparison with a 

housekeeping gene. 



185 
 

In our study, the analysis of β-1,3-glucanase gene over-expression 

following treatment by different inducers showed increased length of 

intensity peak [in the densitometric analysis and image analysis] in treated 

plants in comparison with control plants. Thus, our results suggested 

induction of β-1,3-glucanase by all the seven inducers. Finally our results 

were also compared with the intensity peak of one housekeeping gene. From 

our results it was evident that inducer treatment might have increased the 

expression of β-1,3-glucanase gene. Tian et al. (2007) studied the expression 

pattern of β-1,3-glucanase genes in Jujube fruit in presence of a microbial 

biocontrol agent Cryptococcus laurentii by using the semi-quantitative 

method. Nayyar et al. (2017) also used the semi-quantitative method to 

analyze the expression of β-1,3-glucanase gene of transgenic sugarcane 

plants. Michalko et al. (2017) studied the expression of β-1,3-glucanase gene 

in different plant parts of Drosera rotundifolia by using semi-quantitative RT-

PCR.  

Increased intensity peak of image analysis of chitinase gene over-

expression was found in all the inducer treated plants of our study. By 

comparing these with untreated control and with the housekeeping gene it 

may be concluded that, inducer treatment may enhance the chitinase gene 

expression in T. dioica plants. Zarandi et al. (2011) used the semi-

quantitative RT-PCR for analysis the expression of chitinase gene in 

chickpea in response of pathogen inoculation. Similarly, semi-quantitative 

RT-PCR method was used by Rawat et al. (2017) to analyze the expression 

pattern of chitinase gene in Brassica juncea upon challenge inoculation to 

defense inducers (JA and SA), and Alternaria wounding. By comparing it 

with control and housekeeping gene they also concluded that, inducer 

treatment and pathogen infection can increase the expression of chitinase 

gene. Thus their results are in consensus with that of our results. 

Our results of PPO gene over-expression also showed higher peak of 

intensity in desitometric image analysis in comparison to untreated control 

and with that of housekeeping gene. Our results indicated that inducer 

treatment may over-express the PPO gene in T. dioica. In the same way, Jia 

et al. (2016) studied the mechanism of over-expression of PPO gene in 
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delaying the fungal infection in strawberry fruit. The expression profiles 

measurement of four PPO genes in strawberry stem, leaf, flower, fruit, and 

achenes was done by using semi-quantitative PCR and the housekeeping 

gene Actin used as the internal control.  

The whole study revealed some new facts of fundamental importance. 

The survey made in six districts of sub-Himalayan West Bengal revealed 

that the fungal pathogens C. spicifera, F. equiseti, A. medicaginicola, P. 

macrospinosa, F. oxysporum, C. orbiculare, C. lunata, C. aeria, C. 

verruciformis, A. alternata, A. tenuissima and A. destruens attack pointed 

gourd plants and severely damage fruits and leaves of the plants. To the 

best of our knowledge, this study report C. spicifera, A. medicaginicola, P. 

macrospinosa, F. oxysporum, C. orbiculare, C. lunata, C. aeria, C. 

verruciformis, A. tenuissima and A. destruens as new pathogen of T. dioica in 

India. The presence of NBS type of Resistance Gene Analog (RGA) and it’s 

characterization as CC-NBS in T. dioica is being demonstrated for the first 

time.  The significance of some defense related enzyme genes (PAL, 

Peroxidase, β-1,3-glucanse, Chitinase and PPO) and their molecular 

characteristics have also been demonstrated for the first time in pointed 

gourd. Induction of defense related enzymes by inducer chemicals have been 

observed. All the seven inducers have shown some potential to develop 

resistance by increasing defense-related enzymes. Successful priming was 

observed when plants were treated with ABA and BTH against F. equiseti by 

reducing the disease significantly. Hence, these chemicals may be used to 

manage diseases of pointed gourd infected by F. equiseti. Differential 

expression of defense related genes have been studied by semi-quantitative 

(by RT-PCR) method following induction of resistance by known resistance 

inducers. Our investigations have provided an insight in to the mechanism 

of resistance induction in pointed gourd plants against one of the major 

pathogen of pointed gourd. More works need to be done for formulating 

some defense inducers applicable to pointed gourd plants. Suitable control 

measures may be designed from the present study at least for controlling 

fungal disease caused by F. equiseti. 
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7. A. APPENDIX-I 

Chemicals and reagents: 

 
A number of chemicals, reagents, buffers and growth media were used in the present 

study.  In addition to the common laboratory reagents, following chemicals were used 

during the work: 

 

 

Chemicals Company 

Acetic acid SRL Pvt. Ltd., Mumbai, India 

Acetone SRL Pvt. Ltd., Mumbai, India 

Agarose SRL Pvt. Ltd., Mumbai, India 

Ampicilin HiMedia, Mumbai, India 

2-aminobutyric acid Fluka, Switzerland 

3-aminobutyric acid Fluka, Switzerland 

2,1,3-Benzothiadozole Fluka, Switzerland 

β-mercaptoethanol SRL Pvt. Ltd., Mumbai, India 

Cetyltrimethylammonium bromide, 

Molecular Biology Grade 

Calbiochem, EMD Biosciences, Inc. 

La Jolla, CA. 

Calcium chloride HiMedia, Mumbai, India 

Chloroform SRL Pvt. Ltd., Mumbai, India 

DEPC-treated water Chromus Biotech, Bangalore, India 

Dextrose SRL Pvt. Ltd., Mumbai, India 

DH5α Promega Corporation, USA 

p-Dimethylaminobenzaldehyde SRL Pvt. Ltd., Mumbai, India 

dNTP mix (2.5mM each) Bangalore Genei (India) Pvt. Ltd., 

Bangalore, India 

dinitrosalicylic acid SRL Pvt. Ltd., Mumbai, India 

di-Sodium tetraborate (Borax) Merck, India 

Ethanol Bengal chemical, Kolkata India 

Ethidium bromide Bangalore Genei (India) Pvt. Ltd., 

Bangalore, India 

Ethyl acetate SRL Pvt. Ltd., Mumbai, India 
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Ethylenediaminetetra acetic acid 

disodium salt extrapure A.R. 

SRL Pvt. Ltd., Mumbai, India 

Ethylenediamine tetra acetic acid 

(EDTA) 

SRL Pvt. Ltd., Mumbai, India 

Ferric chloride HiMedia, Mumbai, India 

Folin ciocalteau s.d. fine chem. Ltd., Mumbai, India 

Gel loading buffer (6X) Bangalore Genei (India) Pvt. Ltd., 

Bangalore, India 

Glacial acetic acid SRL Pvt. Ltd., Mumbai, India 

Glucose SRL Pvt. Ltd., Mumbai, India 

Glycerol SRL Pvt. Ltd., Mumbai, India 

Glycine SRL Pvt. Ltd., Mumbai, India 

Guiacol SRL Pvt. Ltd., Mumbai, India 

Hydrochloric acid E. Merck, Mumbai, India 

Hydrogen peroxide E. Merck, Mumbai, India 

IPTG Promega Corporation, USA 

isoamyl alcohol SRL Pvt. Ltd., Mumbai, India 

isopropanol SRL Pvt. Ltd., Mumbai, India 

JM109 Promega Corporation, USA 

Laminarin Sigma Aldrich Chemicals, USA 

Lactophenol cotton blue HiMedia Laboratories Ltd, India 

L-phenylalanine HiMedia Laboratories Ltd, India 

Magnesium chloride HiMedia Laboratories Ltd., India 

Mercuric chloride (HgCl2) E. Merck, Mumbai, India 

Methanol SRL Pvt. Ltd., Mumbai, India 

M-MuLV reverse transcriptase Genie, Bangalore 

M-MuLV RT-PCR kit Genie, Bangalore 

NaCl E. Merck, Mumbai, India 

Nitric acid E. Merck, Mumbai, India 

One Step M-MuLV RT-PCR kit Bangalore Genei (India) Pvt. Ltd., Bangalore, 

India 

Ortho phosphoric acid SRL Pvt. Ltd., Mumbai, India 
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pGEM- T easy cloning kit 
Promega Corporation, USA 

pGEM-T vector 
Promega Corporation, USA 

Polyvinyl pyrrolidone HiMedia, Mumbai, India 

Potassium tetraborate SRL Pvt. Ltd., Mumbai, India 

Quick PCR Purification Kit Bangalore Genei (India) Pvt. Ltd., 

Bangalore, India 

RNA gel loading buffer Genie, Bangalore 

RNase A Bangalore Genei (India) Pvt. Ltd., 

Bangalore, India 

Sodium carbonate E. Merck, Mumbai, India 

Sodium chloride SRL Pvt. Ltd., Mumbai, India 

Sodium dodecyl sulphate (SDS) HiMedia, Mumbai, India 

Sodium hydroxide SRL Pvt. Ltd., Mumbai, India 

Sodium nitrate HiMedia, Mumbai, India 

Sodium Sulphite E. Merck, Mumbai, India 

Step Up 500bp, 250bp and 100bp 

DNA ladder 

Bangalore Genei (India) Pvt. Ltd., 

Bangalore, India 

Sucrose SRL Pvt. Ltd., Mumbai, India 

10X Taq buffer A (Tris with 15mM 

MgCl2) 

Bangalore Genei (India) Pvt. Ltd., 

Bangalore, India 

Taq DNA polymerase (3U/µl) Bangalore Genei (India) Pvt. Ltd., 

Bangalore, India 

Trichloroacetic acid (TCA) Universal laboratories Pvt. Ltd, Mumbai, 

India 

Tris E. Merck, Mumbai, India  

Tris- saturated phenol Bangalore Genei (India) Pvt. Ltd., Bangalore, 

India 

Tween 20 HiMedia, Mumbai, India 

X-gal Promega Corporation, USA 
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7. B. APPENDIX II 

Buffers and solutions: 

 

1. 0.2M Sodium phosphate buffer, pH 6.5 

A. NaH2PO4.2H2O = 31.21 g in 1000 ml distilled water. 

B. Na2HPO4.7H2O, 0.2 M = 35.61 g in 1000 ml distilled water. 

(68 ml of solution A and 32 ml of solution B were mixed and pH was 

adjusted to 6.5.) 

2. Acetate buffer 

Stock solution A: 

 

Distilled water 1000 ml 

Acetic acid 0.1 M 

Stock solution B: 

 

Distilled water 1000 ml 

Sodium acetate (trihydrate) 13.6 g 

847 ml Stock solution A and stock solution B 153 ml were mixed to obtain a buffer of 

pH 5. 

3. 0.2 M Borate buffer, pH 8.7 

A. Borax, 1.90g in 100 ml distilled water  

B. Boric acid, 1.24 g in 100 ml distilled water 

 (22.5 ml of solution A and 50 ml of solution B and were mixed and pH was 

adjusted to 8.7) 

4. 1X TAE buffer 

 
50X TAE composition: 

 

EDTA (0.5 M) 100 ml 

Glacial acetic acid 57.1 ml 

Tris base 242 g 

Final pH 8.0 

Distilled water (final volume make up to) 1000 ml 

To make 1X TAE buffer, 1 ml 50X stock buffer was diluted in 49 ml distilled water to 

make final volume 50 ml.
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5. TE buffer 

 

EDTA 1 mM 

Tris-HCl 10 mM 

Final pH 8.0 

 

6. DNA extraction buffer 

 

Chemicals requirements Concentration of 

stock solution 

Working volume for 

1g sample 

 CTAB 2% (w/v)  100mg 
 

CTAB 2% (w/v)  100mg 
 

CTAB 2% (w/v)  100mg 
 

Distilled water (sterile)  2.89ml 

Tris (pH 8.0) 1M 500µl 

Β-mercaptoethanol  10µl 

EDTA (pH 8.0) 0.5M 200µl 

NaCl 5M 1.4ml 

 

7. Ethidium bromide solution (10 mg ml-1) 

10 ml of 10 mg/ml ethidium bromide was prepared by dissolving 100 mg of ethidium 

bromide powder in 8 ml water and stirred on a magnetic stirrer for several hours to 

dissolve the dye completely. The volume was adjusted up to 10 ml and stored in dark 

brown bottle. 

8. Agarose gel (1.0%) 

Agarose powder (1.0 g) was taken in a conical flask and 1X TAE buffer was added to 

make the final volume to 100 ml. The mixture was then properly boiled, added 

proper amount of EtBr solution when its temperature is about 55-60°C and poured 

on a gel casting plate. 

 
9. 2% CTAB in 1M NaCl (100ml) for DNA isolation 

1M NaCl:                          100ml 

CTAB:                           1.0g 

Measured amount of CTAB was added to sterile 1M NaCl and heated in water bath to 

dissolve completely at 60ºC. 

10. NaCl (5M) for DNA isolation 

Distilled water 100ml 

NaCl 29.2g 

Measured amount of NaCl was added to distilled water, mixed properly till the salt 

dissolves and thereafter sterilized by autoclaving at 15 lbs p.s.i pressure for 15 min at 

121°C. 

13. EDTA (0.5 mM) (pH 8.0) 
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Distilled water 100ml 

Disodium EDTA-dihydrate 18.6g 

Measured amount of disodium EDTA-dihydrate was dissolved in distilled water and mixed 

vigorously on a magnetic stirrer. The pH was adjusted to 8.0 with NaOH (~ 10 g of NaOH 

pellets). Solution was sterilized by autoclaving at 15 lbs p.s.i pressure for 15 min at 121°C. 

 

14. Tris-HCl (1M) 

Distilled water      100ml 

Tris base        12.32 g 

Measured amount of tris base was dissolved in 100 ml of water and pH was adjusted the 

pH 8.0 with concentrated HCl, made up the final vol to 100 ml. Solution was sterilized 

by autoclaving at 15 lbs p.s.i pressure for 15 min at 121°C. 

 

15. 70% ethanol for DNA isolation 

Distilled water       30ml 

Absolute ethanol 70 ml 

16. K2HPO4 (0.5 M) 

Dipotassium hydrogen phosphate- 0.87gm Dissolved in 100ml double distilled water 

17. Guaiacol (0.05M) 20ml 

 

Guiacol- 221.6µl 

Dissolved in 19.77ml double distilled water 

 

18. Dinitro salicylic acid (DNS) reagent 

Dinitro salicylic acid : 1.0 g 

Crystal phenol : 200mg 

Sodium sulfate : 50 mg 

Sodium hydroxide : 1.5 

Distilled water : 100 ml 

By stirring dissolved all the constituents and stored the reagent in a stopper bottle 

at 40 C. The reagent deteriorates during storage due to atmospheric oxidation of the 

sulphite present. If required to be stored, the reagent was prepared without dilution 

and added just before use (Mahadevan and Sridhar, 1996). 

19 . Ampicillin (50 mg/ml) 

50 mg in 1 ml sterile distilled water, sterilized by filtration and stored at 

-20ºC. 

20. IPTG (20%) 

 0.238 gm in 10 ml sterile distilled water, sterilized by filtration and stored 

 at -20ºC. 
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21. X-gal (4%) 

20 mg in 1 ml dimethyl formamide solution, wrapped in aluminum foil to protect it from 

the light and stored at -20ºC. 

22. IXA plate 

LB Agar: 100 ml 

IPTG (20%): 20 μl 

X-Gal (4%): 100 μ 

Ampicillin (50 mg/ml): 100 μl 

23. Luria-Bertani (LB) Broth, Miller 

To make Luria-Bertani (LB) Broth 25.0 g of powder was mixed with distilled water to make 

the final volume of 1.0 liter. Then it was autoclaved at 15 psi pressure at 121º C for 15 

minutes. 

24. LB +Ampicillin+X-gal+IPTG plates 

Autoclaved LB agar medium (100 ml) was allowed to cool to 50-55ºC. The medium was 

gently mixed with 10 of ampicillin stock solution (50 mg/ml), 100 -Gal stock solution (4%) 

and 20 20% IPTG stock solution and poured on 90-mm size petri plates. The plates were 

allowed to solidify and dried open under laminar air flow for 30 min. 
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7. C. APPENDIX-III 
 

Growth media: 

1. Potato dextrose agar (PDA) 
 

Agar : 20gm 

Peeled potato : 400gm 

Water : 1000ml 

Dextrose : 20gm 

Required amount of peeled potato was boiled in distilled water and filtered through 

cheese cloth. Then 2% dextrose and 2% agar powder was added to it and melted by 

heating before the medium was sterilized at 15 lb p.s.i. for 15 minutes. 

 

2. Oat meal agar (OMA) 
 

Agar agar : 15 g 

 Oat meal : 40 g 

 Distilled water : 1000 ml 

Required amount of powdered oat was boiled in distilled water in a water bath, stirred 

occasionally and strained through cheese cloth. Then agar powder was added to it and 

melted by heating before the medium was sterilized at 15 lb p.s.i. for 15 minutes. 

3. Czapek dox agar (CDA) 

 

Potassium Chloride (KCI) : 0.5 g 

Ferrous Sulphate (FeSO4) : 0.01 g 

Potassium hydrogen phosphate (K2HPO4) : 1 g 

Agar agar : 15 g 

Sucrose : 30 g 

Sodium Nitrate ( NaNO3) : 3 g 

Magnesium sulfate (MgSO4, 7H2O) : 0.5 g 

Distilled water : 1000 ml 

 

All the ingredients except agar and K2HPO4 were dissolved. Then agar was added and 

dissolved by boiling. Finally K2HPO4 was added to the molten solution, mixed 

thoroughly and sterilized at 15 lb p.s.i. for 15 minutes. 

4. Richard’s agar (RA) 
 

Agar agar :20 g 

KNO3 :10 g 
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MgSO4, 7H2O :2.5 g 

FeCl3 :0.02 g 

KH2PO4 :5 g 

Sucrose :50 g  

Distilled water :1000 ml 

Required amount of all the constituents were taken and dissolved by stirring with 

required distilled water. The agar was melted by heating the medium before 

sterilization at 15 lb p.s.i. for 15 minutes. 

5. Yeast extract mannitol agar (YEMA) 

 

Agar agar : 20 g 

Mannitol : 10 g 

Potassium Dihydrogen Phosphate (KH2PO4) : 0.5 g  

Mannitol : 10 g 

Sodium Chloride (NaCl) : 0.1 g 

Yeast extract : 2 g 

Distilled water : 1000 ml 

 

All the ingredients except agar were dissolved in distilled water. Finally, agar was 

added and dissolved by boiling before the medium was sterilized at 15 Ib p.s.i. for 15 

minutes. 

 
6. Malt extract agar (MEA) 

 

Agar : 20 g 

Malt extract : 20 g 

Distilled water : 1000 ml 

Malt extract was dissolved in distilled water by boiling. Then, required amount of 

agar powder was added. Finally the solution was boiled with constant shaking till the 

agar was dissolved. Sterilization was done at 15 lb p.s.i. for 15 minutes. 

 

7. Pointed gourd dextrose agar (PGDA) 

 

Agar : 20gm 

Pointed gourd : 400gm 

Dextrose : 20gm 

Water : 1000 ml 

Required amount of peeled potato, carrot and lagenaria fruit extract was boiled in 

distilled water and filtered through cheese cloth. Then 2% dextrose and 2% agar 

powder was added to it and melted by heating before the medium was sterilized at 15 

lb p.s.i. for 15 minutes. 
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8. Potato dextrose broth (PDB) 

 

Dextrose  : 20 g 

Peeled potato : 400 g 

Distilled water : 1000 ml 

Required amount of peeled potato was boiled in distilled water. The potato broth was 

taken by straining through cheesecloth and required amount of dextrose was added. 

Finally, the medium was sterilized at 15 lb p.s.i. for 15 minutes. 
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7. D. APPENDIX-IV 

Sequences submitted in the GenBank: 

MN179493.1 Trichosanthes dioica clone PgRGA1 resistance protein gene, partial cds 
GTTTTGGTTGTGCTTGACGACCTCGCTCTATGCAGATATTTGGATTACCTGGTCAAGAAGCATTGTTGGTTTTCG

GATGGAAGTTACCGGCTTGCCTGGAAGAAAAAGAGACTGGAAATTCAATGGGAAGAAAGAGACAATATGTGCAGT

GTCTATTCCCTTTCAATTACCTGCAAATGGGTTGTTCAACCAATGATGCTCTCCAAGATGGGGTTCCCGATGCAT

GTGGGAGCTTGCAAAGTTTCTTGCTGGGAGGTATACGTCATGCTACG 

 

MN187940.1 Trichosanthes dioica cultivar Swarna alaukik phenylalanine ammonia 

lyase gene, partial cds 
CTGCAAGTAGAAATCCGAGCTTGGATTATGGATTTAAAGGTGCTGAAATTGCAATGGCTTCCTACTGTTCTGAGC

TTCAATATCTTGCAAATCCAGTGACAAGTCATGTCCAGAGCGCCGAGCAACACAACCAAGATGTTAACTCTCTTG

GTTTAATTTCTTCAAGGAAAACAGCTGAGGCCATTGATATTCTAAAACTCATGTCTTCCACATTTTTGGTTGCTC

TTTGCCAAGCAATCGACTTGAGGCATTTGGAGGAAAATTTGAAGAGCACTGTGAAAAGCACTGTTAGCCAAATAG

CCAAGAAAGTGTTGACCACATCCTCCAATGGAGCTCTTCACCCATCAAGATTTTGCGAGAAAGATCTACTTAAAG

TTGTTGACAGAGAGTACACCTTTGCTTATATCG 

 

MN400663.1 Trichosanthes dioica cultivar Swarna alaukik polyphenol oxidase gene, 

partial cds 
GAGCTGATTGGCGACCCGAGCTTCGCTTTGCCGTTTTGGAACTACGACGCTCCAGGTGGCATGAAAATGCCGGCC

ATGTACGCCGACGAGAAATCGTCGCTTTACGATGAGCTTCGGAACCGAAATCATCTGCCGCCGACGTTGGTGGAT

CTGGATTTCGGCGGGGTTGATCCAACGATCGGCGATGAGGCGCAAATAAGGAGTAATCTCAGCATTATGTATCGG

CAGATGGTGTCCAATAGTCGTACGCCATCGCTGTTCTTCGGTAACGCTTATCTGGCGGGTGACGAGCCATCGCCA

GGTGGCGGCTTGGTGGAGAACATTCCTCACGGTCCGGTTCACATATGGTGCGGCGACAACAACGAGCCGAACTTC

GAGAACATGGGAAACTTCTACTCGGCGGCTCGAGATCCCATCTTCTACGCCC 

MN176099.1 Trichosanthes dioica endo-1,3(4)-beta-glucanase gene, partial cds 

CCTATTTCCTTCAACTCACTCCACAGTCCTCCCTGACCCTTCACTTTTCTTTTCCCCTGACCTCCTCTCAGCTCC

TCTCCCTACAAACAGTTTCTTCCAGAACTTTACACTCAATAATGGCGACCAACCTGAGTTCATCCATCCTTATTT

GATCAAATCCTCTTTGTCCTCCATTTCTGTTTCCTACCCATCAATCTCCTCCAACTCTGCTTCAATATGCCAAGT

TTTCACCCCTGATCTCACCATCTCTCCCTCTGATAAAATAGACCCACTTCCCCAGAAATCTCATGTAATCTCCTC

ATTCAATGATTTGAATGTCACTTTGGATATTCCTTCCTCCAACCTCCGTTTCTATCTCGTCCGAGGAAGCCCCTT

TCTGACTTTCACAGTTTCCAAAGGGGTCGCCTTTTCAATCTCCACCATTCATGAAGTCATCTCCTTTTCCTTTAA

CAATGCACTCACCAAATACACAA 

MN176100.1 Trichosanthes dioica chitinase protein gene, partial cds 

TGGCTGCCCACAAAATAACCACAGCCCTTTCAGTTATCTTCCTCCTCGCCCCCATATTCCAATCTTCCCACGCCG

CCGGAATCGCCATCTATTGGGGCCAAAACGGCAACGAAGGCTCTCTTTCCTTCACTTGTTCCACCGGAAACTACC

AATTCGTCAACATCGCATTTCTCTCCTCCTTCGGCAGCGGCCGAACTCCGGTCCTGAACCTTGCTGGCCACTGCA

ACCCCAGCAACAATGGTTGCGCCTTCTTAAGCAGCCAAATCAAAGCCTGCCAAAGTCGAGGCATCAAAGTCCTCC

TCTCCATCGGCGGTGGAGCAGGAAGCTACTCGCTCTCCTCCGCTGATGATGCCAGACAAGTCGCCAATTTCATTT

GGAACAACTTCCTCGGCGGCCGGTCGAGATCAAGGCCACTCGGCGACGCCGTTTTAGACGGCGTCGATTTCGATA

TAGAATCTGGTTCTGGGAAATTCTGGGACGTACTTGCTCGACAACTTAAGGGGTTCGGCCGAGTCCTTCTCGCCG

CCGCG 

MN400664.1 Trichosanthes dioica cultivar Swarna alaukik peroxidase gene, partial cds 

ATTTTCATGACTGCTTCGTCCAAGGCTGCGATGGCTCTGTTTTGCTAGTGGACGCTCCTGGCATAGAGAGTGAGC

TCAACGGACTTGGAAATTTAGGAATCCAAGGACTCGAAATTGTCGCCGCCATCAAAGCCGCCGTCGAGAGGGAAT

GTCCCGGCGTCGTCTCCTGCGCCGACATCCTAGCTCAGGCCTCTAAAGACTCTGTCGACGTGCAAGGAGGGCCTA
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GTTGGAGAGTTTTATACGGAAGAAGAGACAGCAGAACAGCCAATAAAACAGGGGCTGATGAACTCCCAAGTCCCT

TCGAAACTCTCGAGCCACTCAAGAAAAAGTTCGAAGCGCTTGGCCTCAATTCCACCGATCTGGTCGCTCTATCTG

GGGCACATACGTTCGGTCGGTCGAGATGCAGGTTCTTCAACGGGCGTTTCTCGAACTTCAGCGGAAGTGGGCAGC

CAGATCCGACGCTGGACCCAACGTACAGGCAAGAGCTGGAAAGAGCTTGTACAAATGAAGACACACGAGTGAATT

TCGATCCAACAACACCGGACACATTCGACAAGAATTACTACACGAACCTTCAAGCCAATCGAGGGCTTCTAACGA

GCGACCAATCGCTGTTCTCCGAGGCAGGGGCGGACACAGTCGACACTGTCAACCTTCTTGCGTCGCGAGAAGGCA

CCTTCTTAAGA 

MN176624.1 Trichosanthes dioica cultivar Swarna alaukik large subunit ribosomal 

RNA gene, partial sequenc 

eTTTTCAAGGGAAACGGCTTGGCAGAATCAGCGGGGAAAGAAGACCCTGTTGAGCTTGACTCTAGTCCGACTCTG

TGAAATGACTTCAGAGGTGTAGGATAAGTGGGAGCCGAAAGGCGAAAGTGAAATACCACTACTTTTAACGTTATT

TTACTTATTCCTTGAATTGGAAGCGGGGCACTGCCCCTCTTTTTGGTCCCAAGGCCTGCCTCGGCGGGCCGATCC

GGGCGGAAGACATTGTCAGGTGGGGAGTTCGGCTGGGGCGGCACATCTGTTAAAAGATAACGCAGGTGTCCTCAG

ATGAGCTCAACGAGAACAGAAATCTCGTGTGGAACAAAAGGGTAAAAGCTCGTTTGATTCTGATTTCCAGTACGA

ATACGAACCGTGAAAGCGTGGCCTATCGATCCTTTAGACCTTCGGAATTTGAAGCGAGAGGTGTCCGAAAAGTTA

CCACAGGGATAACTGGCTTGCTGGCAGACAAGCGTCTACAGCAGAGCGTACGTGCAAAAGTC 

KX910098.1 Curvularia spicifera strain KHBR small subunit ribosomal RNA gene, 

partial sequence; internal transcribed spacer 1 and 5.8S ribosomal RNA gene, complete 

sequence; and internal transcribed spacer 2, partial sequence 

TTCCGTAGGTGAACCTGCGGAGGGATCATTACACAATAAAATACGAAGGCCGTTCGCGGCTGGACTATTTATTAC

CCTTGTCTTTTGCGCACTTGTTGTTTCCTGGGCGGGTTCGCTCGCCACCAGGACCACAATATAAACCTTTTTTAT

GCAGTTGCAATCAGCGTCAGTATAACAAATGTAAATCATTTACAACTTTCAACAACGGATCTCTTGGTTCTGGCA

TCGATGAAGAACGCAGCGAAATGCGATACGTAGTGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGC

ACATTGCGCCCTTTGGTATTCCAAAGGGCATGCCTGTTCGAGCGTCATTTGTACCCTCAAGCTTTGCTTGGTGTT

GGGCGTTTTTGTCTTTGGCCCGCCAAAGACTCGCCTTAAAATGATTGGCAGCCGGCCTACTGGTTTCGCAGCGCA

GCACATTTTTGCGCTTGCAATCAGCAAAAGAGGACGGCAATCCATCAAGACTCCTTCTCACGTT 

KY411823.1 Curvularia spicifera strain KHBR-01 large subunit ribosomal RNA gene, 

partial sequence 

AGCTACGGCGAGTGAAGCGGCAACAGCTCAAATTTGAAATCTGGCTCTTTCAGAGTCCGAGTTGTAATTTGCAGA

GGGCGCTTTGGCTTTGGCAGCGGTCCAAGTTCCTTGGAACAGGACGTCACAGAGGGTGAGAATCCCGTACGTGGT

CGCTAGCTATTGCCGTGTAAAGCCCCTTCGACGAGTCGAGTTGTTTGGGAATGCAGCTCTAAATGGGAGGTAAAT

TTCTTCTAAAGCTAAATATTGGCCAGAGACCGATAGCGCACAAGTAGAGTGATCGAAAGATGAAAAGCACTTTGG

AAAGAGAGTCAAACAGCACGTGAAATTGTTGAAAGGGAAGCGCTTGCAGCCAGACTTGCTTGCAGTTGCTCATCC

GGGCTTTTGCCCGGTGCACTCTTCTGCAGGCAGGCCAGCATCAGTTTGGGCGGTGGGATAAAGGTCTCTGTCACG

TACCTTCCTTCGGGTTGGCCTTATAGGGGAGACGCCATACCACCAGCCTGGACTGAGGTCCGCGCATCTGCTAGG

ATGCTGGCGTAATGGCTGTAAGCGGCCCGTCTTGAAACAC 

MN938365.1 Curvularia spicifera isolate KHBR 01 actin (ACT1) gene, partial cds 

GACGGTGTCACTCACGTTGTCCCCATCTACGAGGGTTTCGCCCTTCCCCACGCCATCTCCCGTGTCGACATGGCT

GGTCGTGATCTGACTGACTACCTCATGAAGATCTTGGCTGAGCGCGGTTACACCTTCTCTACCACTGCCGAGCGC

GAAATTGTCCGTGACATCAAGGAGAAGCTCTGCTACGTTGCTCTTGACTTCGAGCAGGAGATCCAGACTGCCAGC

CAGTCTTCCAGCTTGGAGAAGTCCTACGAGCTTCCTGACGGTCAGGTCATCACCATTGGCAACGAGCGTTTCCGT

GCTCCTGAGGCTCTCTTCCAGCCTTCCGTCCTGGGTCTTGAGAGCGGTGGTATCCACGTCACCACTTTCAACTCC

ATCATGAAGTGCGATGTCGACGTCAGGAAAGACCTGTACGGCAAC 

KY411826.1 Fusarium equiseti strain PGAL-01 internal transcribed spacer 1, partial 

sequence; 5.8S ribosomal RNA gene and internal transcribed spacer 2, complete 
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sequence; and large subunit ribosomal RNA gene, partial sequence 

TTACCGAGTTTACAACTCCCAAGGTGCTGTGAACATACCTATACGTTGCCTCGGCGGATCAGCCCGCGCCCCGTA

AAACGGGACGGCCCGCCCGAGGACCCCTAAACTCTGTTTTTAGTGGAACTTCTGAGTAAAACAAACAAATAAATC

AAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCAAAATGCGATAAGTAATGTGAATT

GCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTTCGA

GCGTCATTTCAACCCTCAAGCTCAGCTTGGTGTTGGGACTCGCGGTAACCCGCGTTCCCCAAATCGATTGGCGGT

CACGTCGAGCTTCCATAGCGTAGTAATCATACACCTCGTTACTGGTAATCGTCGCGGCCACGCCGTAAAACCCCA

ACTTCTGAATGTTGACCTCGGATCAGGTAGGAATTACCCGCTGAACTTAAGCATATCAATAAGCGGAGG 

KY411824.1 Fusarium equiseti strain PGAL-01 large subunit ribosomal RNA gene, 

partial sequence 

GCATATCTCCAAAAAGCGGAGGAAAAGAAACCAACAGGGATTGCCCTAGTAACGGCGAGTGAAGCGGCAACAGCT

CAAATTTGAAATCTGGCTCTCGGGCCCGAGTTGTAATTTGTAGAGGATGCTTTTGATGCGGTGCCTTCCGAGTTC

CCTGGAACGGGACGCCATAGAGGGTGAGAGCCCCGTCTGGTTGGATGCCAAATCTCTGTAAAGCTCCTTCGACGA

GTCGAGTAGTTTGGGAATGCTGCTCTAAATGGGAGGTATATGTCTTCTAAAGCTAAATACCGGCCAGAGACCGAT

AGCGCACAAGTAGAGTGATCGAAAGATGAAAAGCACTTTGAAAAGAGAGTTAAAAAGTACGTGAAATTGTTGAAA

GGGAAGCGTTTATGACCAGACTTGGGCTTGGTTAATCATCTGGGGTTCTCCCCAGTGCACTTTTCCAGTCCAGGC

CAGCATCAGTTTTCGCCGGGGGATAAAGGCTTCGGGAATGTGGCTCTCTCCGGGGAGTGTTATAGCCCGTTGCGT

AATACCCTGGCGGGGACTGAGGTTCGCGCATCTGCAAGGATGCTGGCGTAATGGTCATCAACGACCCGTCTCGAA

CCCCGGG 

MN938374.1 Fusarium equiseti isolate PGAL-01 actin (ACT1) gene, partial cds 

GAAGTTGCTGCTCTCGTCATCGACAATGGTTCGGGTATGTGCAAAGCCGGTTTCGCCGGTGATGATGCTCCCCGA

GCTGTTTTCCCTTCCATTGTCGGTCGCCCCCGTCACCATGGTATCATGATTGGTATGGGTCAGAAGGACTCGTAC

GTTGGTGATGAGGCTCAGTCCAAGCGTGGTATCCTCACTCTGCGATACCCCATCGAGCACGGTGTTGTTACCAAC

TGGGACGACATGGAGAAGATCTGGCACCACACCTTCTACAACGAGCTGCGTGTCGCCCCCGAGGAGCACCCCGTC

CTGCTCACCGAGGCTCCCATCAACCCCAAGTCCAACCGTGAGAAGATGACCCAGATCGTCTTCGAGACCTTCAAC

GCCCCCGCTTTCTACGTCTCTATCCAGGCCGTCCTCTCCCTGTACGCCTCCGGTCGTACCACCGGTATCGTTCTG

GACTCTGGTGATGGTGTCACTCACGTTGTCCCTATCTACGAGGGTTTCGCCCTTCCCCACGCCATTGCCCGTGTC

GACATGG 

MF447846.1 Ascochyta medicaginicola strain PGALD 3 18S ribosomal RNA gene, 

partial sequence; internal transcribed spacer 1, 5.8S ribosomal RNA gene, and internal 

transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene, partial 

sequence 

CTGCGGAAGGATCATTACCTAGAGTTTGTGGGCTTTGCCCGCTATCTCTTACCCATGTCTTTTGAGTACTTACGT

TTCCTCGGCGGGTTCGCCCGCCGACTGGACAAAATTAAACCCTTTGTAATTGAAATCAGCGTCTGAAAAACTTAA

TAGTTACAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAGTGT

GAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCTTGGTATTCCATGGGGCATGCCTG

TTCGAGCGTCATTTGTACCTTCAAGCTATGCTTGGTGTTGGGTGTTTGTCTCGCCTTTGCGTGCAGACTCGCCTC

AAAACGATTGGCAGCCGGCGTATGGATTTCGGAGCGCACTACATCTCGCGCTTTGCACTCATAACGACGACGTCC

AAAAGTACTTTTTACACTCTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAAGCGGAG

GGGGCTAGAGCGGCC 

MF447845.1 Ascochyta medicaginicola strain PGALD 2 28S ribosomal RNA gene, 

partial sequence 

TGCATATCCAAAAAGCGGAGGAAAAGAAACCAACAGGGATTGCCCTAGTAACGGCGAGTGAAGCGGCAACAGCTC

AAATTTGAAATCTGGCGTCTTCGGCGTCCGAGTTGTAATTTGCAGAGGGCGCTTTGGTATTGGCAGCGGTCCAAG

TTCCTTGGAACAGGACGTCACAGAGGGTGAGAATCCCGTACGTGGTCGCTAGCCTTTACCGTGTAAAGCCCCTTC
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GACGAGTCGAGTTGTTTGGGAATGCAGCTCTAAATGGGAGGTAAATTTCTTCTAAAGCTAAATACTGGCCAGAGA

CCGATAGCGCACAAGTAGAGTGATCGAAAGATGAAAAGCACTTTGGAAAGAGAGTTAAAAAGCACGTGAAATTGT

TGAAAGGGAAGCGCTTGCAGCCAGACTTGCCTGTAGTTGCTCATCCGGGTTTCTACCCGGTGCACTCTTCTATAG

GCAGGCCAGCATCAGTTTGGGCGGTTGGATAAAGGTCTCTGTCATGTACCTCCTTTCGGGGAGAACTTATAGGGG

AGACGACATGCAACCAGCCTGGACTGAGGTCCGCGCATCTGCTAGGATGCTGGCGTAATGGCTGTAAGCGGCCCG

TCTTGAAACACGGACCCA 

MN938368.1 Ascochyta medicaginicola var. macrospora isolate PGALD 2 actin (ACT1) 

gene, partial cds 

GTGCAAGGCCGGTTTCGCCGGTGATGATGCGCCCCGAGCAGTCTTCCGTAAGTCGCCCAATCCGCCACCTGGCAC

CAGCAGCGCTCCATTGCGCCAGCCCTGCCGCCAGCCCACGCTCGAGAAGCATTGTCTGACAAGATGCAGCCTCCA

TTGTCGGTCGCCCCCGTCACCATGGGTATGATGCTCTCTCCCCCGGCCACTCCTGACCTGACCTGGCCTGGCCTG

GCCTGGCCACTCCGAGCTAACAGCGACGCAGTATCATGATCGGTATGGGCCAGA 

MF447844.1 Periconia macrospinosa strain PGISH 2 18S ribosomal RNA gene, partial 

sequence; internal transcribed spacer 1, 5.8S ribosomal RNA gene, and internal 

transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene, partial 

sequence 

TGAACCTGCGGAAGGATCATTACGAAATTCGGCGCGCTTCGGCGCTGCCTTATTCACCCACCCTTTGTCTACGTG

TACCTCTATAGCTTCCTCGGCGGGCTCGCCCGCCGCCAGGAACCCACGAAACCCCTTGCATTATACACGAAAACT

TCTGATAACAAACCTAAATTATTACAACTTTCAACAATGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCG

AAATGCGATAAGTAGTGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGGCCATAGGTA

TTCCTTTGGCCATGCCTGTTCGAGCGTCATTTACACCCTCAAGCCTAGCTTGGTGTTGGGCGTCTGTCCCGCCGT

TTTCGCGCGCGGACTCGCCTCAAAGTCATTGGCGGCGGTCGTGCCGGCTCCTCGCGCAGCACATTTGCGCTTCTC

GGAGGCCCGGCGGATCCGCGCTCCAGCAAAGACCTTTCATGACTTGACCTCGGATCAGGTAGGGATACCCGCT 

MF447843.1 Periconia macrospinosa strain PGISH 1 28S ribosomal RNA gene, partial 

sequence 

AGCATATCAAAAAGCGGAGGAAAAGAAACCAACTGGCATTGCCCTAGTAACGGCGAGTGAAGCGGCAACAGCTCA

AATTTGAAATCTGGCCCCTTTGGGGTCCGAGTTGTAATTTGCAGAGGGTGCTTTGGCGTTGGCGGCGGTCTAAGT

TCCTTGGAACAGGACATCGCAGAGGGTGAGAATCCCGTATGTGGTCGCCTGCCTTCGCCGTGTAAAGCCCCTTCG

ACGAGTCGAGTTGTTTGGGAATGCAGCTCTAAATGGGAGGTAAATTTCTTCTAAAGCTAAATACCGGCCAGAGAC

CGATAGCGCACAAGTAGAGTGATCGAAAGATGAAAAGCACTTTGGAAAGAGAGTCAAACAGCACGTGAAATTGTT

GAAAGGGAAGCGCTTGCAGCCAGACTTGCCTGTAGTTGCTCACCCGGGCTCCTGCCCGGGGCACTCTTCTGCAGG

CAGGCCAGCATCAGTTTGGGCGGTTGGATAAAGGGCTCTGACACGTACTTCCCCTCGGGGTTGACATACAGGGGA

GCCGCAATGCGACCAGCCCGGACTGAGGTCCGCGCATCTGCTAGGATGCTGGCGTAATGGCTGTAAGCGGCCCGT

CTTGAAACACGGACCC 

MN938369.1 Periconia macrospinosa isolate PGISH 2 actin (ACT1) gene, partial cds 

CTCCATTGTCGGTCGTCCCCGTCACCATGGTATCATGATTGGTATGGGTCAAAAGGACTCTTATGTCGGTGATGA

AGCACAGTCGAAGCGTGGTATCCTCACTCTGCGATACCCCATCGAGCACGGTGTGGTCACCAACTGGGATGATAT

GGAAAAAATTTGGCATCACACCTTCTACAACGAGCTGCGTGTTGCCCCCGAGGAGCACCCCGTCTTGCTCACCGA

GGCCCCCATCAACCCCAAGAGCAACCGTGAGAAGATGACACAGATTGTCTTCGAGACCTTCAACGCCCCCGCTTT

CTACGTCTCCATTCAGGCCGTGTTGTCCCTGTACGCCTCCGGTCGTACCA 

MH842200.1 Fusarium oxysporum strain PG-Ph small subunit ribosomal RNA gene, 

partial sequence; internal transcribed spacer 1, 5.8S ribosomal RNA gene, and internal 

transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene, partial 

sequence 
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TCTCCGTTGGTGAACCAGCGGAGGGATCATTACCGAGTTTACAACTCCCAAACCCCTGTGAACATACCACTTGTT

GCCTCGGCGGATCAGCCCGCTCCCGGTAAAACGGGACGGCCCGCCAGAGGACCCCTAAACTCTGTTTCTATATGT

AACTTCTGAGTAAAACCATAAATAAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACG

CAGCAAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGC

CAGTATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCACAGCTTGGTGTTGGGACTCGCGTTA

ATTCGCGTTCCTCAAATTGATTGGCGGTCACGTCGAGCTTCCATAGCGTAGTAGTAAAACCCTCGTTACTGGTAA

TCGTCGCGGCCACGCCGTTAAACCCCAACTTCTGAATGTTGACCTCGGATCAGGTAGGAATACCC 

MH842203.1 Fusarium oxysporum strain PG-Ph large subunit ribosomal RNA gene, 

partial sequence 

TTGTTCTATTTCCCAATAGCGGAGGAAAAGAAACCAACAGGGATTGCCCTAGTAACGGCGAGTGAGCGGCAACAG

CTCAAATTTGATATCTGGCTCTCGGGCGCGAGTTGTAATTTGTAGAGGATACTTTTGATGCGGTGCCTTCCGAGT

TCCCTGGAACGGGACGCCATAGAGGGTGAGAGCCCCGTCTGGTTGGATGCCAAATCTCTGTAAAGTTCCTTCAAC

GAGTCGAGTAGTTTGGGAATGCTGCTCTAAATGGGAGGTATATGTCTTCTAAAGCTAAATACCGGCCAGAGACCG

ATAGCGCACAAGTAGAGTGATCGAAAGATGAAAAGCACTTTGAAAAGAGAGTTAAAAAGTACGTGAAATTGTTGA

AAGGGAAGCGTTTATGACCAGACTTGGGCTTGGTTAATCATCTGGGGTTCTCCCCAGTGCACTTTTCCAGTCCAG

GCCAGCATCAGTTTTCCCCGGGGGATAAAGGCGGCGGGAATGTGGCTCTCTTCGGGGAGTGTTATAGCCCACCGT

GTAATACCCTGGGGGGGACTGAGGTCGCGCATCTGCAATGATGCCGGATAAC 

MN938373.1 Fusarium oxysporum isolate PG-Ph actin (ACT1) gene, partial cds 

TTCGCCGGTGATGATGCTCCCCGAGCTGTTTTCCGTGAGTACCCCACTTTCTAGCCTCTGCGCCCAAAGAATTGA

TATCGCATGTCCTGGGCGCAAGTTAATCAGAAACCCAATGCTAACATTGTAAACAGCTTCCATTGTCGGTCGCCC

CCGTCATCATGGGTAAGTTGTAGCTACAGCGGCAATTCTGCCGCCTCCTTAGTGGCTGGCCACTGACAAGTTCTC

AGTATCATG 

MN006616.1 Colletotrichum orbiculare isolate PG-Pha internal transcribed spacer 1, 

partial sequence; 5.8S ribosomal RNA gene and internal transcribed spacer 2, complete 

sequence; and large subunit ribosomal RNA gene, partial sequence 

TGAACATACCTAACCGTTGCTTCGGCGGGCGGGAGGTCCGCCTCCCCCCCGGCCCCGCTCGCGGGGAGCCCGCCG

GCGGAAAAACCCAACTCTTATTTTAACGACGTCTCTTCTGAGTGGCACAAGCAAATAATCAAAACTTTTAACAAC

GGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAA

TCATCGAATCTTTGAACGCACATTGCGCCCGCCAGCATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCC

TCAAGCACCGCTTGGCGTTGGGGCTTCCACGGCTGACGTGGGCCCTCAAAGACAGTGGCGGACCCTCGCGGAGCC

TCCTTTGCGTAGTAACATACCACCTCGCACCGGGACCCGCAGGGCACTCCTGCCGTAAAACCCCCCAATTTTTAC

AAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAA 

MZ314443.1 Colletotrichum orbiculare isolate PG-Pha 28S large subunit ribosomal 

RNA gene, partial sequence 

TCCGAGTTCCCTGGAACGGGACGCCATAGAGGGTGAGAGCCCCGTACGGTTGGACACCAAGCCTGTGTAAAGCTC

CTTCGACGAGTCGAGTAGTTTGGGAATGCTGCTCAAAATGGGAGGTATATTTCTTCTAAAGCTAAATACCGGCCA

GAGACCGATAGCGCACAAGTAGAGTGATCGAAAGATGAAAAGCACTTTGAAAAGAGGGTTAAACAGCACGTGAAA

TTGTTAAAAGGGAAGCGCTTGTGACCAGACTTGCGCCCGGCGGATCACGGCTCTCGCGGCCGGGGCACTCCGCCG

GCTCAGGCCAGCATCAGCTCGCTGTCGGGGACAAAAGCTTCGGGAACGTGGCTCCTCCGGGGAGTGTTATAGCCC

GTTGCACAATACCTTCGGTGGGCTGAGGTACGCCGTCCGCAAGGATGCTGGCGTAATGGTCATCAGCGACCCGTC

TTGAAACACGGACCAAGGAGTCAACCTTATATGCGAGTGTTCGGGTGTCAAACCCCTACGCGTAATGAAAGT 

MN168524.1 Colletotrichum orbiculare isolate PG-Pha actin (ACT1) gene, partial cds 

TTCGGGTATGTGCAAGGCCGGTTTCGCCGGTGACGATGCGCCCAGAGCTGTCTTCCGTAAGTTGTCCCATCCGCA

GACCGGAACCTCGCCCTTCAGGAGGTCATCGAGGTTCCGCCTTCCTTTTTCTAGACTCCATGGTTGCTGACACCT
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TTGCAGCCTCCATCGTCGGTCGCCCTCGCCACCATGGGTATGTCTTCATCGCTGCGGCAATTTCCGCCACCGAGT

CGCGACCTAACACGTGAAACAGTATCATGATTGGTATGGGTCAGAAGGACTCCTACGTTGGTGATGAGGCACAGT

CGAAGCGTGGTATCCTGACTCTTCGCTACCCCATCGAGCACGGTGTCGTCACCAACTGGGACGACATGGAGAAGA

TTTGGCACCACACCTTCTACAACGAGCTCCGCGTTGCCCCCGAGGAGCACCCCGTTCTCTTGACCGAGGCCCCCA

TCAACC 

MN006628.1 Curvularia lunata isolate PG-Tau internal transcribed spacer 1, partial 

sequence; 5.8S ribosomal RNA gene, complete sequence; and internal transcribed 

spacer 2, partial sequence 

CAATACAATATGAAGGCTGTACGCGGCTGTGCTCTCGGGCCAGTTTTGCGGAGGCTGAATTATTTATTACCCTTG

TCTTTTGCGCACTTGTTGTTTCCTGGGCGGGTTCGCCCGCCACCAGGACCACATCATAAACCTTTTTTATGCAGT

TGCAATCAGCGTCAGTATAACAAATGTAAATCATTTACAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGAT

GAAGAACGCAGCGAAATGCGATACGTAGTGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATT

GCGCCCTTTGGTATTCCAAAGGGCATGCCTGTTCGAGCGTCATTTGTACCCTCAAGCTTTGCTTGGTGTTGGGCG

TTTTTTGTCTTGGGTCGCCAAAGACTCGCCTTAAAAGGATTGGCAGCCGGCCTACTGGTTTCGCAGCGCAGCACA

TTTTTGCGCTTGCAATCAGCAAAAGAGGACGGCAATCCATCAAGACTC 

MN006674.1 Curvularia lunata isolate PG-Tau large subunit ribosomal RNA gene, 

partial sequence 

AACTAAGCATATCAATAAGCGGAGGAAAAGAAACCAACAGGGATTGCCCTAGTAACGGCGAGTGAAGCGGCAACA

GCTCAAATTTGAAATCTGGCTCTTTCAGAGTCCGAGTTGTAATTTGCAGAGGGCGCTTTGGCTTTGGCAGCGGTC

CAAGTTCCTTGGAACAGGACGTCACAGAGGGTGAGAATCCCGTACGTGGTCGCTAGCTATTGCCGTGTAAAGCCC

CTTCGACGAGTCGAGTTGTTTGGGAATGCAGCTCTAAATGGGAGGTAAATTTCTTCTAAAGCTAAATATTGGCCA

GAGACCGATAGCGCACAAGTAGAGTGATCGAAAGATGAAAAGCACTTTGGAAAGAGAGTCAAACAGCACGTGAAA

TTGTTGAAAGGGAAGCGCTTGCAGCCAGACTTGCTTGCAGTTGCTCATCCGGGCTTTTGCCCGGTGCACTCTTCT

GCAGGCAGGCCAGCATCAGTTTGGGCGGTGGGATAAAGGTCTCTGACACGTTCCTTCCTTCGGGTTGGCCATATA

GGGGAGACGTCATACCACCAGCCTGGACTGAGGTCCGCGCATCTGCTAGGATGCTGGCGTAATGGCTGTAAGCGG

CCCGTCTTGAAACACGGACCAAGGAGTCTAACATCTATGCGAGTGTTTGGGTGTCAAGCCCGAGCGCGTAATGAA

AGTGAACGGAGGTGGGAACCCGCAAGGGTGCACCATCGACCGATCCTGAAGTTTACGGAAGGATTTGAGTAAGAG

CATGGCTGTTGGGACCCGAA 

MN938366.1 Curvularia lunata isolate PG-Tau actin (ACT1) gene, partial cds 

GGTGTCACTCACGTTGTCCCTATCTACGAGGGTTTCGCCCTTCCCCACGCCATCTCCCGTGTCGACATGGCTGGT

CGTGATCTGACTGACTACCTCATGAAGATCTTGGCTGAGCGCGGTTACACCTTCTCCACCACTGCCGAGCGCGAA

ATCGTCCGTGACATCAAGGAGAAGCTCTGCTACGTTGCTCTTGACTTCGAGCAGGAGATCCAGACTGCCAGCCAG

TCTTCCAGCTTGGAGAAGTCCTACGAGCTTCCCGACGGTCAGGTCATCACCATTGGCAACGAGCGCTTCCGTGCT

CCTGAGGCTCTCTTCCAGCCTTCCGTCCTGGGTCTTGAGAGCGGTGGTATCCACGTCACCACTTTCAACTCCATC

ATGAAGTGCGATGTCGACGTCAGGAAAGACCTGTACGGCAACATT 

MN006621.1 Curvularia aeria isolate PG-Gar internal transcribed spacer 1, partial 

sequence; 5.8S ribosomal RNA gene, complete sequence; and internal transcribed 

spacer 2, partial sequence 

TGCGGAGGGATCATTACACAAATTAAAATATGAAGGCTTCGGCTGGATTGTTTTTATCACCCTTGTCTTTTGCGC

ACTTGTTGTTTCCTGGGCGGGTTCGCCCGCCACCAGGACCACACCATAAACCTTTTTTATGCAGTTGCAATCAGC

GTCAGTATAACAAATGTAAATCATTTACAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCA

GCGAAATGCGATACGTAGTGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCTTTG

GTATTCCAAAGGGCATGCCTGTTCGAGCGTCATTTGTACCCTCAAGCTTTGCTTGGTGTTGGGCGTCTTTTGTCT

TTGGCCTCGCCCAAAGACTCGCCTTAAAACGATTGGCAGCCGGCCTACTGGTTTCGCAGCGCAGCACATTTTTGC

GCTTGCAATCAGCAAAAAGGACGGCAATCCATCAAGACTACATTTTTACGTTTGACCT 
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MN006625.1 Curvularia aeria isolate PG-Gar large subunit ribosomal RNA gene, partial 

sequence 

ACAGGGATTGCCCTAGTAACGGCGAGTGAAGCGGCAACAGCTCAAATTTGAAATCTGGCTCTTTCAGAGTCCGAG

TTGTAATTTGCAGAGGGCGCTTTGGCTTTGGCAGCGGTCCAAGTTCCTTGGAACAGGACGTCACAGAGGGTGAGA

ATCCCGTACGTGGTCGCTAGCTATTGCCGTGTAAAGCCCCTTCGACGAGTCGAGTTGTTTGGGAATGCAGCTCTA

AATGGGAGGTAAATTTCTTCTAAAGCTAAATATTGGCCAGAGACCGATAGCGCACAAGTAGAGTGATCGAAAGAT

GAAAAGCACTTTGGAAAGAGAGTCAAACAGCACGTGAAATTGTTGAAAGGGAAGCGCTTGCAGCCAGACTTGCTT

GCAGTTGCTCATCCGGGCTTTTGCCCGGTGCACTCTTCTGTAGGCAGGCCAGCATCAGTTTGGGCGGTGGGATAA

AGGTCTCTGACACGTTCCTTCCTTCGGGTTGGCCATATAGGGGAGACGACATACCACCAGCCTGGACTGAGGTCC

GCGCATCTGCTAGGATGCTGGCGTAATGGCTGTAAGCGGCCCGTCTTGAAACACGGACCAAGGAGTCTAACATCT

ATGCGAGTGTTTGGGTGTCAAGCCCGAACGCGTAATGAAAGTGAACGGAGGTGGGAACCCGCAAGGGTGCACCAT

CGACCGATCCTGAAGTTTACGGAAGGATTTGAGTAAGAGCATGGCTGTTGGGACCCGAAAGATGGTGAACTATGC

TTGAATAGGGTGAAGCCAGAGGAAACTCTGGTGGAGGCTCGCAGCGGTTCTGACGTGCAAATCGATCGTCAAATT

TGGGCATAGGGGCGAAAGACTAATC 

MN938367.1 Curvularia aeria isolate PG-Gar actin (ACT1) gene, partial cds 

GGTGTCACTCACGTTGTCCCTATCTACGAGGGTTTCGCCCTTCCCCACGCCATCTCCCGTGTCGACATGGCTGGT

CGTGATCTGACTGACTACCTCATGAAGATCTTGGCTGAGCGCGGTTACACCTTCTCCACCACTGCCGAGCGCGAA

ATCGTCCGTGACATCAAGGAGAAGCTCTGCTACGTTGCTCTTGACTTCGAGCAGGAGATCCAGACTGCCAGCCAG

TCTTCCAGCTTGGAGAAGTCCTACGAGCTTCCCGACGGTCAGGTCATCACCATTGGCAACGAGCGCTTCCGTGCT

CCTGAGGCTCTCTTCCAGCCTTCCGTCCTGGGTCTTGAGAGCGGTGGTATCC 

MN006618.1 Curvularia verruciformis isolate PG-Ish small subunit ribosomal RNA 

gene, partial sequence; internal transcribed spacer 1 and 5.8S ribosomal RNA gene, 

complete sequence; and internal transcribed spacer 2, partial sequence 

CCCTTTGTACACACCGCCCGTCGCTACTACCGATTGAATGGCTCAGTGAGGCGTTCGGACTGGCTCGGGGAGGTT

GGCAACGACCACCCCAAGCCGGAAAGTTCGTCAAACTCGGTCATTTAGAGGAAGTAAAAGTCGTAACAAGGTCTC

CGTAGGTGAACCTGCGGAGGGATCATTACACAATAACATATGAAGGCTGTACGCGGCTGTGCCCTCGGGCCAGTT

GGCGGAGGCTGGAGTATTTATTTACCCTTGTCTTTTGCGCACTTGTTGTTTCCTGGGCGGGTTCGCCCGCCACCA

GGACCACATGATAAACCTTTTTTATGCAGTTGCAATCAGCGTCAGTACAACAAATGTAAATCATTTACAACTTTC

AACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATACGTAGTGTGAATTGCAGAATTC

AGTGAATCATCGAATCTTTGAACGCACATTGCGCCCTTTGGTATTCCAAAGGGCATGCCTGTTCGAGCGTCATTT

GTACCCTCAAGCTTTGCTTGGTGTTGGGCGTTTTGTCTTTGGTTTGCCAAAGACTCGCCTTAAAACGATTGGCAG

CCGGCCTACTGGTTTCGCAGCGCAGCACAT 

MN006619.1 Curvularia verruciformis isolate PG-Ish large subunit ribosomal RNA 

gene, partial sequence 

TAGCATATCCATAAGCGGAGGAAAAGAAACCCAACAGGGATTGCTTTAGTAACGGCGAGTGAAGCGGCAACAGCT

CAAATTTGAAATCTGGCTCTTTCAGAGTCCGAGTTGTAATTTGCAGAGGGCGCTTTGGCTTTGGCAGCGGTCCAA

GTTCCTTGGAACAGGACGTCACAGAGGGTGAGAATCCCGTACGTGGTCGCTAGCTATTGCCGTGTAAAGCCCCTT

CGACGAGTCGAGTTGTTTGGGAATGCAGCTCTAAATGGGAGGTAAATTTCTTCTAAAGCTAAATATTGGCCAGAG

ACCGATAGCGCACAAGTAGAGTGATCGAAAGATGAAAAGCACTTTGGAAAGAGAGTCAAACAGCACGTGAAATTG

TTGAAAGGGAAGCGCTTGCAGCCAGACTTGCTTGCAGTTGCTCATCCGGGCTTTTGCCCGGTGCACTCTTCTGCA

GGCAGGCCAGCATCAGTTTGGGCGGTGGGATAAAGGTCTCTGACACGTTCCTTCCTTCGGGTTGGCCATATAGGG

GAGACGTCATACCACCAGCCTGGACTGAGGTCCGCGCATCTGCTAGGATGCTGGCGTAATGGCTGTAAGCGGCCC

GTCTTGAAACACGGACCAAGGAGTCTAACATCTATGCGAGTGTTTGGGTGTCAAGCCCGAGCGCGTAATGAAAGT

GAACGGAGGTGGGAACCCGCAAGGGCGCACCATCGACCGATCCTGAAGTTTACGGAAGGATTTGAGTAAGAGCAT

GGCTGTTGGGACCCGAAAGATGGTGAACTATGCTTGAATAGGGTGAAGCCAGAGGAAACTCTGGTGGAGGCTCGC

AGCGGTTCTGACGTG 
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MN967012.1 Curvularia verruciformis isolate PG-Ish actin (ACT1) gene, partial cds 

ACGCCTCTGGACGTACCACCGGTATCGTTCTCGACTCCGGTGACGGTGTCACTCACGTTGTCCCCATCTACGAGG

GTTTCGCCCTTCCCCACGCCATCTCCCGTGTCGACATGGCTGGTCGTGATCTGACTGACTACCTCATGAAGATCT

TGGCTGAGCGCGGTTACACCTTCTCTACCACTGCCGAGCGCGAAATCGTCCGTGACATCAAGGAGAAGCTCTGCT

ACGTTGCTCTTGACTTCGAGCAGGAGATCCAGACTGCCAGTCAGTCTTCCAGCTTGGAGAAGTCTTACGAGCTTC

CCGACGGTCAGGTCATCACCATTGGCAACGAGCGTTTCCGTGCTCCTGAGGCTCTCTTCCAGCCTTCCGTCCTGG

GTCTTGAGAGCGGTGGTATCCACGTCACCACTTTCAACTCCATCATGAAGTGCGATGTCGACGTCAGGAAAGACC

TGTACGGCAACA 

MN020527.1 Alternaria alternata isolate PG-WD1 internal transcribed spacer 1, partial 

sequence; 5.8S ribosomal RNA gene and internal transcribed spacer 2, complete 

sequence; and large subunit ribosomal RNA gene, partial sequence 

GGGTTACAGCCTTGCTGAATTATTCACCCTTGTCTTTTGCGTACTTCTTGTTTCCTTGGTGGGTTCGCCCACCAC

TAGGACAAACATAAACCTTTTGTAATTGCAATCAGCGTCAGTAACAAATTAATAATTACAACTTTCAACAACGGA

TCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAGTGTGAATTGCAGAATTCAGTGAATCA

TCGAATCTTTGAACGCACATTGCGCCCTTTGGTATTCCAAAGGGCATGCCTGTTCGAGCGTCATTTGTACCCTCA

AGCTTTGCTTGGTGTTGGGCGTCTTGTCTCTAGCTTTGCTGGAGACTCTCCTTAAAGTAATTGGCAGCCGGCCTA

CTGGTTTCCGAGCGCAGCACAAGTCGCACTCTCTATCAACAAAGGTCTAACATCCCTTAAACCTTTTTTTCCACT

TTTGACCTCCGATCACCTATGGATACCCCCTGAACTTCTTCCTATCATACCCCCCGAAAAATTTTCCTTACTTAT

TGATAAGGTCGGCCGGAAACTCTCGGGGTTACGTCTTGCTGAATTATTCCCCTTGTCTTTTGCGTACTTCTTGTT

TCCTTGGTGGGTTCTCCCCACTAGGACAACATAAACCTTTTGTAATTGCAATCCCGTCAGTAACAAATTAATAAT

TACACTTTCACAACGGATCTCTTGGTTCTGGCATCAATAAACAACCACCGAAATGCGATAAGTATTGTGAATTGC

AAGAATTCTTGAAATCTCAAATCTTTTACCAATTGCGCCTTTTGTATTCTAAGGGCATGCTGTTCTAACGTCATT

TGTACCTCAGCTTTTCTTGGTGTTTGGGCGTCTTTTCCTCCCTTTCTTGTAAACTCCCCTAAAGTAAATTGGCAC

CCCCTATGGGTTTCTTAGCCCACCAAATTCCCTCTTTTCCCAAGGTTTTCCCCCCTTAACCCTTTTTTTTCCTTT 

MN010519.1 Alternaria alternata isolate PG-WD1 large subunit ribosomal RNA gene, 

partial sequence 

TAAGCATATCAATAAGCGGAGGAAAAGAAACCAACAGGGATTGCCCTAGTAACGGCGAGTGAAGCGGCAACAGCT

CAAATTTGAAATCTGGCTCTTTTAGAGTCCGAGTTGTAATTTGCAGAGGGCGCTTTGGCTTTGGCAGCGGTCCAA

GTTCCTTGGAACAGGACGTCACAGAGGGTGAGAATCCCGTACGTGGTCGCTGGCTATTGCCGTGTAAAGCCCCTT

CGACGAGTCGAGTTGTTTGGGAATGCAGCTCTAAATGGGAGGTACATTTCTTCTAAAGCTAAATATTGGCCAGAG

ACCGATAGCGCACAAGTAGAGTGATCGAAAGATGAAAAGCACTTTGGAAAGAGAGTCAAACAGCACGTGAAATTG

TTGAAAGGGAAGCGCTTGCAGCCAGACTTGCTTACAGTTGCTCATCCGGGTTTCTACCCGGTGCACTCTTCTGTA

GGCAGGCCAGCATCAGTTTGGGCGGTAGGATAAAGGTCTCTGTCACGTACCTCCTTTCGGGGAGGCCTTATAGGG

GAGACGACATACTACCAGCCTGGACTGAGGTCCGCGCATCTGCTAGGATGCTGGCGTAATGGCTGTAAGCGGCCC

GTCTTGAAACACGGACCAAGGAGTCTAACATCTATGCGAGTGTTTGGGTGTCAAGCCCGAGCGCGTAATGAAAGT

GAACGGAGGTGGGAACCCGCAAGGGTGCACCATCGACCGATCCTGATGTCTTCGGAAGGATTTGAGTAAGAGCAT

GGCTGTTGGGACCCGAAAGATGGTGAACTATGCTTGAATAGGGTGAAGCCAGAGGAAACTCTGGTGGAGGCTCGC

AGCGGTTCTGACGTGCAAATCGATCGTCAAATTTGGGCATAGGGGCGAAAGACTAATCGAACTATCTAGTAGCTG

GTTCCTGCCGAAGT 

MN938370.1 Alternaria alternata isolate PG-WD1 actin (ACT1) gene, partial cds 

TTCCGTAAGTACCTCCATCTCCGCCTTATCAGCCAAGGCTGCATCAAGCGCGATTCGAGAGCACTTTCTGACAGC

TCGCAGCTTCCATCGTCGGCCGACCGCGTCACCATGGGTACGATGAACCTCCCGTAATTCCCACGCAATCCGCCA

TCTAACAACACACAGTATCATGATTGGTATGGGCCAGAAGGACTCATATGTCGGTGATGAGGCACAGTCGAAGCG

TGGTATCCTGACCCTGCGATACCCCATTGAGCACGGTGTCGTTACCAACTGGGACGACATGGAGAAGATCTGGCA

TCACACTTTCTACAACGAGCTGCGTGTTGCCCCCGAGGAGCACCCCGTCCTGCTCACCGAGGCTCCCATCAACCC

CAAGTCCAACCGTGAGAAGATGACACAGATTGTTTTCGAGACCTTCAACGCTCCCGCTTTCTACGTCTCCA 
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MN006678.1 Alternaria destruens isolate PG-WD2 internal transcribed spacer 1, 

partial sequence; 5.8S ribosomal RNA gene, complete sequence; and internal 

transcribed spacer 2, partial sequence 

GGGGGAGTCATCACGGAAATAATACGGGGGCCGGGGCCCCCCCTCGGGAATACAGCTTTGATGAATTATTCACCC

TTGTCTTTGGCGTACTTCTTGTTTCCTTGGTGGGTTCGCCCACCACTAGGACAAACATAAACCTTTTGTAATTGC

AATCAGCGTCAGTAACAAATTAATAATTACAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACG

CAGCGAAATGCGATAAGTAGTGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCTT

TGGTATTCCAAAGGGCATGCCTGTTCGAGCGTCATTTGTACCCTCAAGCTTTGCTTGGTGTTGGGCGTCTTGTCT

CTAGCTTTGCTGGAGACTCGCCTTAAAGTAATTGGCAGCCGGCCTACTGGTTTCGGAGCGCAGCACAAGTCGCAC

TCTATAATCAGGCGAGAGAGAGTCTAGCATGCTAATATGCCGTTGGGAGCCAACATTAGATCAGCGGAGCAGTTC

GTGTAGTGAGAACTGCTGAGGA 

MN010520.1 Alternaria destruens isolate PG-WD2 internal transcribed spacer 1, 

partial sequence; 5.8S ribosomal RNA gene, complete sequence; and internal 

transcribed spacer 2, partial sequence 

CAGGGATTGCCCTAGTAACGGCGAGTGAAGCGGCAACAGCTCACATTTGAAATCTGGCTCTTTTAGAGTCCGAGT

TGTAATTTGCAGAGGGCGCTTTGGCTTTGGCAGCGGTCCAAGTTCCTTGGAACAGGACGTCACAGAGGGTGAGAA

TCCCGTACGTGGTCGCTGGCTATTGCCGTGTAAAGCCCCTTCGACGAGTCGAGTTGTTTGGGAATGCAGCTCTAA

ATGGGAGGTACATTTCTTCTAAAGCTAAATATTGGCCAGAGACCGATAGCGCACAAGTTGAGTGATCGAAAGATG

AAAAGCACTTTGGAAAGAGAGTCAAACAGCACGTGAAATTGTTGAAAGGGAAGCGCTTGCAGCCAGACTTGCTTA

CAGTTGCTCATCCGGGTTTCTACCCGGTGCACTCTTCTGTAGGCAGGCCAGCATCAGTTTTGGGCGGTAGGATAA

AGGTCTCTGTCACGTACCTCCTTTCGGGGAGGCCTTAAAAGGG 

MZ314458.1 Alternaria destruens isolate PG-WD2 actin (ACT1) gene, partial cds 

GCTGCGTGTTGCCCCCGAGGAGCACCCCGTCCTGCTCACCGAGGCTCCCATCAACCCCAAGTCCAACCGTGAGAA

GATGACACAGATTGTTTTCGAGACCTTCAACGCTCCCGCTTTCTACGTCTCCATTCAGGCCGTCCTGTCCCTGTA

CGCCTCCGGACGTACCACCGGTATCGTTCTTGACTCCGGTGACGGTGTCACTCACGTTGTCCCCATTTACGAGGG

TTTCGCTCTTCCCCACGCCATTTCCCGTGTCGACATGGCTGGTCGTGATCTGACTGACTACCTCATGAAGATCTT

GGCTGAGCGCGGTTACACCTTCTCCACCACTGCCGAGCGAGAAATCGTCCGTGACATCAAGGAGAAGCTCTGCTA

CGTCGCTCTCGACTTCGAGCAGGAGATCCAGACCGCCAGCCAGTCCTCCAGCTTGGAGAAGTCCTACGAGCTTCC

TGACGGTCAAGTCATCACCATTGGCAACGAGCGTTTCCGTGCTCCTGAGGCTCTCTTCCAGC 

MN006675.1 Alternaria tenuissima isolate PG-Kra internal transcribed spacer 1, 

partial sequence; 5.8S ribosomal RNA gene and internal transcribed spacer 2, complete 

sequence; and large subunit ribosomal RNA gene, partial sequence 

CTTGCTGAATTATTCACCCTTGTCATTTGCGTACTTCTTGTTTCCTTGGTGGGTTCGCCCACCACTAGGACAAAC

ATAAACCTTTTGTAATTGCAATCAGCGTCAGTAACAAATTAATAATTACAACTTTCAACAACGGATCTCTTGGTT

CTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAGTGTGAATTGCAGAATTCAGTGAATCATCGAATCTTT

GAACGCACATTGCGCCCTTTGGTATTCCAAAGGGCATGCCTGTTCGAGCGTCATTTGTACCCTCAAGCTTTGCTT

GGTGTTGGGCGTCTTGTCTCTAGCTTTGCTGGAGACTCGCCTTAAAGTAATTGGCAGCCGGCCTACTGGTTTCGG

AGCGCAGCACAAGTCGCACTCTCTATCAGCAAAGGTCTAGCATCCATTAAGCCTTTTTTTCAACTTTTGACCTCG

GATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAAGCGGAGGAAAAGAAACCAACAGGGATTGCCCTAG

TAACGGCGAGTGAAGCGGCAACAGCTCAAATTTGAGGTCTGGCTCTTTTAGAGTCCGAGTTGTAATTTGCAGAGG

GCGCTTTGGCTTTGGCAGCGGTCCAAGTTCCTTGGAACAGGACGTCACAGAGGGTGAGAATCCCGTACGTGGTCG

CTGGCTATTGCCGTGTAAAGCCCCTTCGACGAGTCGAGTTGTTTGGGAATGCAGCTCTAAATGGGAGGTACATTT

CTTCTAAAGCTAAATATTGG 

MN006676.1 Alternaria tenuissima isolate PG-Kra large subunit ribosomal RNA gene, 

partial sequence 
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ACAGGGATTGCCCTAGTAACGGCGAGTGAAGCGGCAACAGCTCAAATTTGAAATCTGGCTCTTTTAGAGTCCGAG

TTGTAATTTGCAGAGGGCGCTTTGGCTTTGGCAGCGGTCCAAGTTCCTTGGAACAGGACGTCACAGAGGGTGAGA

ATCCCGTACGTGGTCGCTGGCTATTGCCGTGTAAAGCCCCTTCGACGAGTCGAGTTGTTTGGGAATGCAGCTCTA

AATGGGAGGTACATTTCTTCTAAAGCTAAATATTGGCCAGAGACCGATAGCGCACAAGTAGAGTGATCGAAAGAT

GAAAAGCACTTTGGAAAGAGAGTCAAACAGCACGTGAAATTGTTGAAAGGGAAGCGCTTGCAGCCAGACTTGCTT

ACAGTTGCTCATCCGGGTTTCTACCCGGTGCACTCTTCTGTAGGCAGGCCAGCATCAGTTTGGGCGGTAGGATAA

AGGTCTCTGTCACGTACCTCCTTTCGGGGAGGCCTTATAGGGGAGACGACATACTACCAGCCTGGACTGAGGTCC

GCGCATCTGCTAGGATGCTGGCGTAATGGCTGTAAGCGGCCCGTCTTGAAACACGGACCAAGGAGTCTAACATCT

ATGCGAGTGTTTGGGTGTCAAGCCCGAGCGCGTAATGAAAGTGAACGGAGGTGGGAACCCGCAAGGGTGCACCAT

CGACCGATCCTGATGTCTTCGGAAGGATTTGAGTAAGAGCATGGCTGTTGGGACCCGAAAGATGGTGAACTATGC

TTGAATAGGGTGAAGCCAGAGGAAACTCTGGTGGAGGCTCGCAGCGGTTCTGACGTGCAAATCGATCGTCAAATT

TGGGCATAGGGGCGA 

MN938372.1 Alternaria tenuissima isolate PG-Kra actin (ACT1) gene, partial cds 

CAAGGCCGGTTTCGCCGGTGACGATGCGCCCCGAGCAGTCTTCCGTAAGTACCTCCATCTCCGCCTTATCAGCCA

AGGCTGCATCAAGCGCGATTCGAGAGCACTTTCTGACAGCTCGCAGCTTCCATCGTCGGCCGACCGCGTCACCAT

GGGTACGATGAACCTCCCGTAATTCCCACGCAATCCGCCATCTAACAACACACAGTATCATGATTGGTATGGGCC

AGA 

MH744998.1 Fusarium equiseti isolate PG-GUA internal transcribed spacer 1, partial 

sequence; 5.8S ribosomal RNA gene and internal transcribed spacer 2, complete 

sequence; and large subunit ribosomal RNA gene, partial sequence 

TACAACTCCCAAGGTGCTGTGAACATACCTATACGTTGCCTCGGCGGATCAGCCCGCGCCCCGTAAAACGGGACG

GCCCGCCCGAGGACCCCTAAACTCTGTTTTTAGTGGAACTTCTGAGTAAAACAAACAAATAAATCAAAACTTTCA

ACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCAAAATGCGATAAGTAATGTGAATTGCAGAATTCA

GTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTC

AACCCTCAAGCTCAGCTTGGTGTTGGGACTCGCGGTAACCCGCGTTCCCCAAATCGATTGGCGGTCACGTCGAGC

TTCCATAGCGTAGTAATCATACACCTCGTTACTGGTAATCGTCGCGGCCACGCCGTAAAACCCCAACTTCTGAAT

GTTGACCTCGGATCAGGTAGGAATTACCCGCTGAACTTAAGCATATCAATAA 

MH744997.1 Fusarium equiseti isolate PG-GUA large subunit ribosomal RNA gene, 

partial sequence 

CAGGAGGGGATGGGCCCTAGTAACGGCGAGTGAGCGGCAACAGCTCAAATTTGAAATCTGGCTCTCGGGCCCGAG

TTGTAATTTGTAGAGGATGCTTTTGATGCGGTGCCTTCCGAGTTCCCTGGAACGGGACGCCATAGAGGGTGAGAG

CCCCGTCTGGTTGGATGCCAAATCTCTGTAAAGCTCCTTCGACGAGTCGAGTAGTTTGGGAATGCTGCTCTAAAT

GGGAGGTATATGTCTTCTAAAGCTAAATACCGGCCAGAGACCGATAGCGCACAAGTAGAGTGATCGAAAGATGAA

AAGCACTTTGAAAAGAGAGTTAAAAAGTACGTGAAATTGTTGAAAGGGAAGCGTTTATGACCAGACTTGGGCTTG

GTTAATCATCTGGGGTTCTCCCCAGTGCACTTTTCCAGTCCAGGCCAGCATCAGTTTTCGCCGGGGGATAAAGGC

TTCGGGAATGTGGCTCTCTCCGGGGAGTGTTATAGCCCGTTGCGTAATACCCTGGCGGGGACTGAGGTTCGCGCA

TCTGCAAGGATGCTGGCGTAATGGTCATCAACGACCCGTCTTGACCAACGGGACCCACAA 

MN938375.1 Fusarium equiseti isolate PG-GUA actin (ACT1) gene, partial cds 

CGCCCCCGTCATCATGGGTAGGTTGTAGCTTAAGCGGCAATTCTGCCGCCTCCTTGGTGGCTGGCCAGTGACTAG

TTCTCAGTATCATGATTGGTATGGGTCAGAAGGACTCGTATGTTGGTGATGAGGCTCAGTCCAAGCGTGGTATTC

TCACTCTGCGATACCCCATTGAGCACGGTGTTGTCACCAACTGGGACGACATGGAGAAGATTTGGCACCACACCT

TCTACAACGAGCTGCGTGTCGCTCCCGAGGAGCACCCCGTCCTGCTCACCGAGGCTCCCATCAACCCCAAGTCCA

ACCGTGAGAAGATGACCCAGATTGTCTTCGAGACATTCAACGCCCCAGCTTTCTACGTCTCCATCCAGGCCGTTC

TGTCTCTGTACGCCTCCGGTCGTACCACTGGTATCGTTCTGGACTCTGGTGATGGTGTCACTCACGTTGTCCCCA

TTTACGAGGGTTTCGCCCTTCCCCACGCCATTGCCCGTGTCGACATGG 
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Abstract- 

Pointed gourd (Trichosanthes dioica) is a widely 

cultivated vegetable of sub-Himalayan West 

Bengal. In June of 2017, a survey was done in the 

crop fields of pointed gourd in Darjeeling district 

and a fruit rot disease was observed. The 

premature fruits show rotting. The disease 

incidence was 30%. In PDA colonies of abundant, 

loosely floccose, white mycelium were observed. 

Macroconidia with usually 5 to 6 septa were 30-40 

µm long. A pronounced dorsiventral curvature 

tapered and elongated apical cell were observed. 

To confirm the identity of this fungus, the internal 

transcribed spacer, D1/D2 rRNA regions and Actin 

gene of PG-GUA were amplified and sequenced. 

GenBank accession nos. are MH744998, 

MH744997 and MN938375 respectively. All the 

sequences showed 99%, 99% and 97% similarity 

with sequences of Fusarium equiseti in GenBank. 

Pathogenicity tests were performed to fulfill Koch’s 

postulates. Pathogenicity tests showed positive 

results with disease symptoms similar to that of 

isolated fruit symptoms. Thus, the pathogen was 

identified as Fusarium equiseti.  

 

1. Introduction 

 

„Pointed gourd‟ (Trichosanthes dioica Roxb., 

Family: Cucurbitaceae) is one of the important 

vegetable crops of sub-Himalayan West Bengal. It 

is a dioecious creeper and the edible fruit is 

beneficial to improve diabetes, obesity, 

hyperlipidemia, gastric problems, and several other 

diseases [1]. The fruit is a rich source of vitamin A 

and C, alkaloids, saponins, terpenes, tannins, 

proteins and mixture of novel peptides. It is 

considered to be the „King of gourds‟ due to its 

high nutrient content [2]. Cultivation of the crop is 

extensively found in east-Indian states such as 

West Bengal, Assam, Tripura, Bihar, eastern UP 

and Orissa. It is also cultivated in a huge scale in 

Gujrat, Madhya Pradesh and Maharashtra [2]. The 

fruit is equally important in the adjoining countries 

like Nepal, Myanmar, Bangladesh, Sri Lanka and 

Pakistan. During 2017-18, yearly production of 

parwal was 316,000 metric tons and cultivated on 

20,000 hectares of land in India [3]. In this region, 

fruit and vine rot [4], downy mildew [5],[4], and 

root knot by nematode [6] is being reported to 

cause considerable damage to the parwal for last 

few decades. A fungal as well as nematode 

infestation of parwal was reported by Khatua et al. 

[7] in India. Raj et al. [8] has described Ageratum 

enation virus infection of the crop from India. 

Several other fungal diseases of parwal have also 

been found worldwide. Some of them are fruit rot 

by Pythium aphanidermatum and P. 

cucucrbitacearu [9], Sclerotinia stem rot by 

Sclerotium rolfsii [7], anthracnose disease by 

Colletotrichum capsici [7], fruit and vine rot 

associated with Phytophthora melonis [10], 
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Sclerotiana rot by Sclerotinia sclerotiorum [7],  

and downy mildew caused by Pseudoperonospora 

cubensis [11]. 

High humidity and heavy rainfall in the 

present study area aggravated the disease scenario 

and several pathogens have been found to flourish 

in the cucurbits reducing the productivity to a 

certain extent [7]. The present study deals with the 

aspects of identification of a new pathogen that has 

been found to cause prevalent fruit rot disease in 

sub-Himalayan West Bengal. 

 

2. Materials and methods 

 

2.1. Isolation of pathogen 

 

Infected fruit samples showing fruit rot disease 

were collected from the crop fields of pointed 

gourd in Darjeeling, West Bengal, India. Infected 

portions of fruits were cut into small pieces of 

about 10mm in diameter, sterilized with 0.1% 

mercuric chloride (HgCl2) solution for 30 seconds 

and washed in sterile distilled water. The sterilized 

samples were then transferred aseptically to the 

potato dextrose agar (PDA) medium and were 

incubated at 28±1°C for 3 days. Purified cultures of 

the isolated fungal mycelia were obtained from the 

3 days old incubated culture and maintained 

recurrently at 28±1°C for further studies. 

 

2.2. Microscopic observation 

 

The fungal strain was observed under Leica 

Application Suite V4.4 microscope equipped with 

Leica MC 120 HD digital camera. Fungus grown 

on PDA plates was also observed after 7 day of 

incubation. The conidial and colony morphology 

were compared with previous descriptions [12].  

2.3. Pathogenicity test 

Pathogenicity of the fungal isolate was 

tested following whole plant inoculation techniques 

as suggested by Dickens and Cook [13]. At the 

onset of the whole plant inoculation technique, 

10
6
conidia/ml conidial suspension was prepared 

from 10-day old culture. For the experiment four 

plants were taken along with two control sets. 

Conidial suspension (10
6
conidia/ml) was sprayed 

on the surface of the fruit of the plants. The control 

plants were sprayed with sterile distilled water. All 

the plants were covered with plastic bags to 

maintain relative humidity and kept in the 

experimental garden at 28±1 ˚C under agro-shed of 

75% light transparency.  

After three days some symptomatic 

portions of fruits of the plants were cut into pieces 

and the organisms were re-isolated from the 

symptomatic leaf spots after proper sterilization 

and after seven days the organism was examined 

under microscope. 

 

2.4. DNA extraction and polymerase chain 

reaction (PCR) 

 

The total genomic DNA of the fungus was 

extracted from 5-6 days old potato dextrose broth 

grown culture using the method of Haible et al. 

[14]. Three independent primer sets were used to 

characterize the samples. The ITS1 (5′-

TCCGTAGGTGAACCTGCGG-3′) and ITS4 (5′-

TCCTCCGCTTATTGATATGC-3′) primers were 

used to amplify the internal transcribed spacer 

(ITS) region [15]. The fungi were further 

characterized by PCR amplification of D1/D2 

region of 28S rRNA large subunit (LSU) using 

NL1 (5′-GCATATCAATAAGCGGAGGAAAAG-

3′) and NL4 (5′-GGTCCGTGTTTCAAGACGG-3′) 

primers [16]. The fungal Actin gene was again 

characterized by another primer pair Act-1 (5′-

GTATTGTTCTCGACTCTGGTGATGG-3′) and 

Act-2 (5′- TCTCAGGTGGTGCAACGACC-3′) 

[17]. For amplification with primer pair ITS 1 and 

ITS 4 the PCR condition was denaturation step of 

95°C for 5 min, followed by 35 cycles of 94°C for 

1 min, 55°C for 1 min, 72°C for 2 min with a final 

extension of 72 °C for 10 min. In case of primer set 

NL-1 and NL-4, PCR condition was 2 min at 94°C 

followed by 35 cycles of 1 min at 94°C, 1.30 min at 

53°C and 2 min at 72 °C and a final extension at 

72°C for 10 min. In case of primer set Act-1 and 

Act-2, PCR condition was 2 min at 94°C followed 

by 35 cycles of 1 min at 94°C, 1.30 min at 51°C 

and 2 min at 72 °C and a final extension at 72°C 

for 10 min. 

The amplicons were separated in 1% 

agarose gel and were visualized in UV-

transilluminator. The purified PCR products were 

cloned in pGEM-T easy vector following the 

method of Sambrook and Russel [18] and were 

sequenced from Chromous Biotech Pvt. Ltd., 

Bangalore (India). 

 

2.5. Phylogenetic analysis 
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The nucleotide (nt) sequences of the amplicons 

were submitted in the GenBank after BLASTn 

analysis [19]. Phylogenetic tree was created in 

MEGA 6.0 [20] following alignment with 

ClustalW 1.6 [21]. The phylogenetic tree was 

created by neighbour-joining method through 

Kimura-2 parameter. The nucleotide identity matrix 

were created with SDT 1.2 [30].  

 

3. Results 

 

3.1. Study of disease incidence on the basis 

of visible symptoms 

 

In some fields of Darjeeling districts of West 

Bengal, India, fruit rot disease was prevalent, 

where premature fruits show rotting. In some case 

young fruits detached from the plants. Leaves also 

show disease symptoms as white small circular to 

oval spots, which later enlarged and finally became 

necrotic (Figure 1(A-D)).  

 

3.2. Morphology and identification 

 

In PDA plates, white fungal mycelia mat of 3 cm in 

diameter was observed in 5 days old culture which 

after sporulation turn into pink colouration (Figure 

1(E)). In colonies abundant, loosely floccose, white 

mycelium were observed. Under light microscope 

20-50 µm long macroconidia were observed with 5 

to 6 septa. Macroconidia were with a pronounced 

dorsiventral curvature, tapered and elongated apical 

cell, and prominent foot-shape (Figure 1(F)). 

Microconidia were absent. The morphological 

characteristics of the fungus resembled to Fusarium 

equiseti [22]. 

 

3.3. Confirmation of pathogenicity through 

Koch’s postulates 

 

During pathogenicity test of the isolated fungus, 

symptoms started to appear from 3 days after 

inoculation. Although, all the control sets were 

symptomless even after 15 days. Then the pathogen 

was re-isolated and compared with the original 

isolate and the organism found was 

morphologically similar with that of the original 

inoculums. Thus, Koch‟s postulation confirmed the 

association of the present organism (F. equiseti).  

3.4. Molecular identification 

Nonetheless, upon PCR amplification of ITS 

regions with specific primers (ITS 1 and ITS 4) an 

expected amplicon of ~520 nt were observed on 

1% agarose gel (Figure 1 (G)). For further 

confirmation, another region of 28S rRNA large 

subunit (LSU) i.e., D1/D2 were also amplified 

using NL1 and NL4 primers. The amplified PCR 

products showed an expected amplicon of ~500 nt 

(Figure 1 (H)). In case of the primer pair, Act-1 and 

Act-2 i.e., the amplified Actin gene products 

showed ~500 nt PCR product (Figure 1 (H)). 

The sequenced product of ITS region was found to 

be 520 nt long and showed 99% nt identity with F. 

equiseti from Malaysia (Acc. No. MK209007), 

China (Acc. No. MN486566). The sequence 

comprised of partial 18S rRNA, complete ITS-1, 

5.8S rRNA, ITS-2 and partial 28S rRNA genes. In 

BLAST analysis the partial 28S rRNA of LSU also 

confirmed 99% similarity (Figure 2(C)) with F. 

equiseti from China (Acc. No. KF803549, 

MN368509), Brazil (Acc. No. KM246052). The 

sequenced product of Actin gene shows 97% 

sequence similarity with F. equiseti from India 

(Acc. No. MN938374). A phylogenetic tree was 

created by using ITS sequences, where our isolates 

were showed similarities with other F. equiseti 

strains isolated from different plants (Figure 2). In 

nucleotide identity matrix our F. equiseti isolate 

also showed similarity with other F. equiseti strains 

isolated from different plants (Figure 3). 

 

4. Discussion 

 

The pathogen F. equiseti is found to be pathogenic 

in a number of plants such as aleppo pine from 

Algeria [23], cumin from India [24], cauliflower 

from China [22], wheat and heartleaf ice plant from 

Iraq [25], zucchini from Morocco [26]. In the 

family cucurbitace F. equiseti also cause infection 

in the plants viz. watermelon from Georgia [27], 

cantaloupe from Thailand [28]. In the year 1980, it 

was first recorded that F. equiseti causes fruit rot 

disease in pointed gourd in Bihar [29]. Till date, 

there was no record on F. equiseti causing fruit rot 

disease in pointed gourd in West Bengal. Our study 

recorded a remarkable disease incidence of F. 

equiseti in pointed gourd plant of sub-Himalayan 

West Bengal.  
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Figures and Figure Legends 

 

Figure 1. A-D) Naturally infected pointed gourd leaves and fruits showing fruit rot disease; E) Mycelia mat of Fusarium 

equiseti on PDA dishes after 5 days of inoculation; F) Conidiophores bearing conidia of F. equiseti under light microscope; 

G) Amplified  PCR product of ITS gene of F. equiseti on 1% agarose gel under UV-transilluminator; H)  Amplified  PCR 

product of 28S gene (L1, L2 ) and amplified PCR product of Actin gene of F. equiseti on 1% agarose gel under UV-

transilluminator (L3-L6) [M=250 bp DNA ladder]. 
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Figure 2. Phylogenetic tree of the ITS region of Fusarium equiseti [indicated in the figure by bondface] and other Fusarium 

isolates obtained from GenBank. The tree was generated by neighbour joining method using Kimura-2-parameter model. 

Values at the nodes indicate percentage of bootstrap support out of 1000 replicates. GenBank accession numbers have been 

indicated at the end of each branch. 
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Figure 3. Nucleotide sequence identity matrix of ITS gene of Fusarium equiseti isolates of the present study and other 

Fusarium isolates worldwide infecting different hosts. Identity percentages are indicated on the right side corner of the 

matrix. 
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Trichosanthes dioica, commonly known as pointed gourd, is
one of the important vegetable crops of India. During the
summer of 2017 cultivated pointed gourd plants with necrotic
symptoms on leaves were found in sub-Himalayan region of
West Bengal, India. Disease incidence was 20–25%. Initially,
yellow spots (6–10 mm) were observed on young leaves
which gradually expanded and turned into grey rings with
scattered tiny black dots. Subsequently, complete lamina be-
came necrotic leading to defoliation. Isolation from diseased
leaf samples yielded grey to black mycelia mat on PDA plates.
Conidia were 18–35 μm in diameter, dark brown to black,
globose, borne singly or in short chains on simple or branched
conidiophores and coarsely echinulate, spines, 2–7 μm in
length, adhered close to one another. Based on conidial
morphology the isolate was identified as Periconia
macrospinosa Lefebvre & A.G. Johnson (Ellis 1968).
The ITS and D1/D2 region of 28S rRNA large subunit
(LSU) of representative isolate (PGISH2) were amplified
using the primers ITS1/ITS4 and NL1/NL4 respectively
and sequenced (GenBank accession No. ITS: MF447844
and 28S LSU: MF447843). These sequences showed
99% sequence identity with ITS and 28S LSU region
of P. macrospinosa strain CBS 135663 (ITS: KP183999
and 28S LSU: KP184038). Pathogenicity of the isolate

was tested by spraying conidial suspension (106conidia/
ml) onto both surfaces of the leaves of ten healthy two-
week-old potted pointed gourd plants. Control plants
were sprayed with sterile distilled water. Necrotic symp-
toms, similar to those observed in the field, appeared on
inoculated leaves after five days. Control plants remained
symptomless. The fungus was successfully re-isolated from
symptomatic tissues, fulfilling Koch’s postulates. Although
P. macrospinosa has previously been reported as a beneficial
endophyte but in some cases it was established as a pathogen
(Van Dyk 2004). In the present work, we found it as a patho-
gen causing necrosis. To our knowledge, this is the first report
of P. macrospinosa causing leaf necrosis of pointed gourd in
India.
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Pointed gourd (Trichosanthes dioica Roxb.) is a popular summer vegetable in India. During April
2017, severe leaf blight symptoms were observed in many fields located in the sub-Himalayan
region in West Bengal state of India (21.14 to 21.30°N, 78.82 to 79.02°E). Lesions initially
appeared as yellow spots (4 to 5 mm in diameter) on leaf margins that gradually expanded to
cover almost the whole leaf between the veins. As lesions aged, they turned brown and dry,
ultimately leading to defoliation. Tiny black pycnidia were scattered throughout the dried lesions.

Symptomatic leaves were collected, cut into small square pieces approximately 5 mm2, surface
sterilized with 1% NaOCl, and transferred to potato dextrose agar. The agar plates were incubated
at 28°C for 7 days. After 5 days of incubation, compressed, white velvety mycelia appeared on the
plates, and the colonies gradually turned gray after sporulation. Conidia were hyaline, two to three
septate, 4 to 8 μm long, 1.5 to 3 μm wide, thin and smooth walled, ellipsoidal to cylindrical conidia
with both rounded ends. Fifteen isolates having similar morphology were recovered from diseased
leaf tissue. Morphological characteristics matched those of Ascochyta
medicaginicola var. macrospora Q. Chen & L. Cai (Chen et al. 2015). To confirm identity, DNA was
extracted from the mycelia of the representative isolate PGALD2. The internal transcribed spacer
(ITS) region of ribosomal RNA (rRNA) and the D1/D2 region of the 28S rRNA large subunit were
amplified using primers ITS1/ITS4 (White et al. 1990) and NL1/NL4 (O’Donnell 1993), respectively.
The sequences of the resulting polymerase chain reaction products were submitted to GenBank.
BLAST analysis of the ITS region (accession no. MF447846) and D1/D2 region (accession no.
MF447845) showed 99 and 100% nucleotide identity with ITS and D1/D2 regions of A.
medicaginicola var. macrospora strain CBS 112.53 (ITS, GU237749; and D1/D2, GU238101),

respectively. For pathogenicity testing, a conidial suspension (106 spores/ml) of isolate PGALD2
was sprayed onto both surfaces of the leaves of 10 healthy 2-week-old potted pointed gourd plants
until run-off. A set of 10 control plants was sprayed with sterile distilled water and maintained as a
control. The plants were kept in a transparent and perforated polythene chamber for maintaining
high humidity and aeration in the greenhouse for 15 days. Humidity was maintained by spraying
sterile distilled water at 1-day intervals. The experiment was conducted three times. Three days
after inoculation, yellow spots were visible on the inoculated leaves, which gradually expanded to
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cover a major part of the leaf. The controls remained symptomless. A. medicaginicola was
successfully reisolated from symptomatic tissues. To our knowledge, this is the first report of A.
medicaginicola var. macrosporacausing leaf blight of pointed gourd. A. medicaginicola can cause
severe yield losses of pointed gourd in India.
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Supplementary Figure 1. (A) Naturally infected pointed gourd leaves showing leaf 
blight symptoms; (B) Mycelia mat of Ascochyta medicaginicola on PDA plates after 5 
days of inoculation; (C) Conidia of A. medicaginicola under light microscope; (D) 
Amplified PCR product of ITS on 1 % agarose gel under UV-transilluminator; (E) 
Amplified PCR product of 28S rRNA gene on 1 % agarose gel under UV-
transilluminator [M=500 bp DNA ladder] 
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Disease report/Rapport des maladies

Curvularia leaf spot of pointed gourd in India
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Abstract: ‘Pointed gourd’ or ‘parwal’ (Trichosanthes dioica) is a member of the cucurbit family and an important vegetable crop in India
which is also widely grown in West Bengal. Fungal diseases are a major constraint to cultivation of pointed gourd. Yellow to dark brown
spots were observed on leaves of pointed gourd in different fields in West Bengal during June–August 2015. In extreme cases, plants
showed necrosis during early stages of growth and did not bear any fruit. Symptomatic leaves were collected for fungal isolation and
colonies that produced an olive-grey mycelial mat on potato dextrose agar were obtained. Ascendant or erect conidiophores with dark
brown pigmentation and light brown, oblong to cylindrical conidia with 2–3 transverse septa were visible using a light microscope. The
fungus was identified as Curvularia spicifera (anamorph: Bipolaris spicifera) on the basis of morphological characteristics. Pathogenicity
tests on detached leaves and whole plants confirmed that the isolates were pathogenic. The ITS and 28S rRNA large subunit regions of
ribosomal DNAwere amplified with two different primer sets for molecular identification of the fungus. The amplicons were cloned and the
sequences submitted to GenBank (accession nos. KX910098 and KY411823). Sequence similarities confirmed the organism as C. spicifera.
This is the first report of C. spicifera as a pathogen of pointed gourd.

Keywords: cucurbitaceae, Curvularia spicifera, leaf spot, parwal, Trichosanthes dioica

Résumé: La courgepointue ou parwal (Trichosanthes dioica) est un membre de la famille des cucurbitacées et sa culture, en Inde, est
importante. Elle est également très répandue au Bengale-Occidental. Par ailleurs, les maladies fongiques constituent une entrave
majeure à sa culture. De juin à août 2015, des taches jaunes et brun foncé ont été observées sur les feuilles de la courgepointue
poussant dans différents champs du Bengale-Occidental. Dans les cas les plus graves, les plants affichaient des signes de nécrose
durant les premiers stades de la croissance et ne produisaient jamais de fruits. Des feuilles symptomatiques ont été collectées pour en
isoler le champignon sur de la gélose dextrosée à la pomme de terre, et l’on a obtenu des colonies qui produisaient un mycélium gris-
olive. Sous le microscope, il était possible d’apercevoir des conidiophores ascendants ou érigés brun foncé a insique des conidies
oblongues à cylindriques brunclair avec deux ou trois cloisons transversales. En se basant sur ses caractéristiques morphologiques, le
champignon a été identifié en tant que Curvularia spicifera (forme imparfaite: Bipolaris spicifera). Des tests de pathogénicité effectués
sur des feuilles prélevées et sur des plants entiers ont confirmé que les isolats étaient pathogènes. Les régions de l’ITS et de la grande
sous-unité 28S de l’ARNr de l’ADN ribosomique ont été amplifiées avec deux jeux d’amorces différents pour identifier le
champignon. Les amplicons ont été clonés et les séquences, soumises à la GenBank (Acc. N°s KX910098 et KY411823). Les
similitudes des séquences ont confirmé quel’organisme était C. spicifera. Il s’agit de la première mention de C. spicifera en tant
qu’agent pathogène de la courgepointue.

Mots clés: Cucurbitaceae, Curvularia spicifera, tachedes feuilles, Trichosanthes dioica
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Introduction

‘Pointed gourd’ or ‘parwal’ (Trichosanthes dioica Roxb.,
Family Cucurbitaceae) is an important vegetable crop of
West Bengal as well as north-east India and is extensively
grown in the many eastern states of the country (Mondal
et al., 2014). It is also cultivated in neighbouring countries
such as Bangladesh, Myanmar, Nepal, Pakistan and Sri
Lanka (Susanne & Pandey, 2013). It is a dioecious vine
which produces edible fruit that can provide health benefits
in reducing obesity, gastric problems, diabetes, hyperlipidae-
mia and several other diseases (Gupta & Pagoch, 2014). The
fruit is a rich source of vitamin A, vitamin C, saponins,
tannins, alkaloids, terpenes (tetra- and penta cyclic), novel
peptides and proteins (Gupta & Pagoch, 2014). In India, a
total of 169 460metric tons of parwal was harvested from 12
790 hectares of land during 2013–2014 (Ministry of
Agriculture, 2014). Diseases have been reported to cause
considerable damage to pointed gourd production in India.
These include downy mildew caused by Pseudoperonospora
cubensis (Bilgrami et al., 1979; Khatua et al., 1981; Mondal
et al., 2014), fruit rot by Pythium aphanidermatum and P.
cucurbitacearum (Chaudhuri, 1975), sclerotinia stem rot by
Sclerotinia sclerotiorum (Khatua et al., 2014), fruit and vine
rot by Phytophthora melonis (Khatua et al., 1981; Guharoy
et al., 2006), anthracnose by Colletotrichum capsici (Khatua,
2004) and root knot nematode, Meloidogyne incognita
(Mukherjee & Sharma, 1973; Khatua, 2004). Raj et al.
(2011) have also reported Ageratum enation virus infection
of pointed gourd in India.

Severely diseased pointed gourd fields in West Bengal,
India were surveyed during June to August, 2015 and a
leaf spot disease was found to be prominent. The initial
symptoms were yellow superficial discolouration on leaves
which gradually turned dark brown and finally developed
into necrotic spots, with lesions on petioles leading to
defoliation. In extreme cases of infection, plants showed
necrosis in the early stages of growth which resulted in
considerable yield loss. The purpose of this study was to
identify the causal organism through morphological and
molecular approaches and pathogenicity tests.

Materials and methods

Plant sampling and fungal isolation

Five different pointed gourd fields in West Bengal, India
were sampled and diseased leaf samples showing yellow
to brown spots were collected (Fig. 1a,b). Some healthy
leaf and fruit samples were also collected. Infected leaves
as well as healthy leaves and fruits were cut into pieces of
about 5 mm in size, sterilized with 0.1% mercuric

chloride (HgCl2) solution for 30 s and washed with sterile
distilled water. The sterilized samples were then trans-
ferred aseptically onto potato dextrose agar (PDA) (SRL,
India) and incubated at 28 ± 1°C in darkness for 3 days.
Isolated fungi were transferred through mycelial tips to
fresh medium. Cultures of each of five fungal isolates
were observed for morphology of hyphae and conidia
using a Leica Application Suite V4.4 microscope
(Singapore) equipped with Leica MC 120 HD digital
camera (Singapore). Morphology of the colonies on
PDA was studied at 1-day intervals for 7 days.

Pathogenicity test

Pathogenicity of the five fungal isolates was determined
following the detached leaf inoculation technique of
Dickens & Cook (1989). Conidial suspensions were pre-
pared by flooding 10-day-old sporulating cultures grown
on PDA at 28°C with sterile distilled water and dislod-
ging the conidia by gentle stirring. The conidial concen-
tration was adjusted to 106 conidia mL−1 with sterile
distilled water using a hemocytometer. Detached leaves
collected from 2-month-old parwal plants ‘Swarna
Alaukik’ grown under natural daylight conditions were
placed on moist blotting paper in sterile plastic trays (16
cm × 10 cm) and covered. For each of the five fungal
isolates and one control treatment, 10 leaves were inocu-
lated. Each leaf was inoculated with 20 µL of spore
suspension or 20 μL sterile distilled water at two spots
on either side of the midrib. All the inoculated and con-
trol leaves were kept at room temperature (28 ± 2°C).
Pathogenicity was assessed by presence or absence of
symptoms 3–7 days after inoculation.

One isolate, ‘KHBR’, was selected for further studies.
A pathogenicity test on whole parwal plants was per-
formed on two locally cultivated varieties, ‘Swarna
Alaukik’ and ‘Swarna Rekha’, following the whole
plant inoculation technique of Sinha & Das (1972). The
experiment was performed in three biological replicates
for each variety. Eight leaves of each plant were inocu-
lated. Conidial suspension (106 conidia mL−1) of the iso-
late was sprayed onto both sides of the leaves. Sterile
distilled water was sprayed on control leaves. The inocu-
lated and control plants were maintained at 30°/25°C and
90/70% relative humidity in a growth chamber with a 12
h day–12 h night cycle. Pathogenicity was assessed by
presence or absence of symptoms after 5 days of incuba-
tion. Reisolations were made from the inoculated leaves
of both the detached leaf and whole plant inoculation
experiments to determine if the fungi causing the lesions
were the same as those used for inoculation.
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Molecular identification

The total genomic DNA of five isolates was extracted
from 5–6-day-old potato dextrose broth cultures follow-
ing the method of Haible et al. (2006). The DNA sample
was subjected to PCR using two independent primer
sets. The ITS1 (5′-TCCGTAGGTGAACCTGCGG-3′)
and ITS4 (5′-TCCTCCGCTTATTGATATGC-3′) primers
were used to amplify the internal transcribed spacer
(ITS) region (White et al., 1990). The D1/D2 region of
28S rRNA large subunit (LSU) was amplified using
NL1 (5′-GCATATCAATAAGCGGAGGAAAAG-3′)
and NL4 (5′-GGTCCGTGTTTCAAGACGG-3′) primers
(O’Donnell, 1993). Amplification reaction was per-
formed in a 25 μL reaction mixture containing 2 µL
DNA template, 5 µL 5× Taq DNA buffer (containing
100 mM KCl, 10 mM Tris-HCl pH 7.4), 0.1 mM EDTA,
1 mM dithiothreitol, 0.5% Tween 20 and 50% glycerol;
Promega, USA), 1.5 µL 25 mM MgCl2 (Promega,
USA), 1 µL 10 mM dNTPs (Promega, USA), 0.5 µL
10 µM each forward and reverse primers (Sigma, USA)
and 0.125 µL 5u µL−1 Taq DNA polymerase (Promega,
USA). PCR protocol for the amplification with the ITS 1
and ITS 4 primers was denaturation at 95°C for 5 min,
followed by 35 cycles at 94°C for 1 min, 55°C for
1 min, 72°C for 2 min with a final extension at 72°C
for 10 min. PCR conditions for the NL-1 and NL-4
primers was 2 min at 94°C followed by 35 cycles of
1 min at 94°C, 1.5 min at 53°C and 2 min at 72°C and a
final extension at 72°C for 10 min. The amplicons were
resolved in 1% agarose gels and were visualized on a
UV-transilluminator (Genei, Bangalore, India). The pur-
ified PCR products were cloned in pGEM-T easy vector
(Promega, USA) following the method of Sambrook &
Russel (2001) and were sequenced by Chromous
Biotech Pvt. Ltd. (Bangalore, India). The nucleotide
sequences of the amplicons were submitted to
GenBank after BLASTn analysis (Altschul et al.,
1997). The nucleotide identity matrices were formed
with SDT 1.2 (Muhire et al., 2014). Phylogenetic trees
were generated by neighbour-joining method through
Kimura two-parameter in MEGA 6.0 (Tamura et al.,
2013) following alignment with ClustalW 1.6
(Thompson et al., 1994).

Results

Isolation and morphological characterization of the
pathogen

Early disease symptoms in the field were yellow super-
ficial discolouration on leaves. In severe cases, the

discolouration gradually turned dark brown and finally
developed into necrotic spots with lesions on petioles
(Fig. 1a,b). Five fungal isolates with similar colony mor-
phology were obtained from infected leaves, but not from
fruit or asymptomatic leaf samples. All isolates produced
erect conidiophores with dark brown pigmentation, which
were branched, with geniculate and sympodial elonga-
tions. Light brown, oblong to cylindrical conidia with
2–3 transverse septa were attached to the conidiophores
singly or in clusters (Fig. 1d,e). Olive grey mycelial mats
were observed in 5-day-old cultures grown on PDA
(Fig. 1c). Morphological characteristics of the fungus
resembled Curvularia spicifera (Bainier) Boedijn (Jeon
et al., 2015).

Pathogenicity test

Irregular yellow spots began to appear on the inoculated
leaves 3 days post inoculation, which turned dark brown
after 7 days for all five isolates in the detached leaf
pathogenicity test. All the control leaves remained
symptomless. In the whole plant inoculations, plants of
‘Swarna Alaukik’ and ‘Swarna Rekha’ showed disease
symptoms at 5 days after inoculation which were similar
to those seen in the detached leaf tests, and no disease
symptoms were evident on the uninoculated control.
After 7 days, a fungus was isolated from all the sympto-
matic inoculated leaves in both tests which showed
similar morphology with that of the original fungal
isolate.

Molecular identification of the pathogen

The amplified products of the ITS region and 28S rRNA
LSU showed expected amplicons of ~ 530 nucleotides (nt)
(Fig. 2a) and ~ 560 nt (Fig. 2b), respectively. The
sequences of all five isolates were identical and one repre-
sentative isolate, ‘KHBR’, was deposited in GenBank. The
sequenced product of the ITS region was found to be 514
nt long (accession no. KX910098). It showed 100% nt
identity (Fig. 3) with C. spicifera infecting Citrus from
Italy (accession no. KR229979) and buffalo grass from the
Netherlands (accession nos. HF934914, HF934915,
HF934916). The sequence obtained for the partial 28S
rRNA of LSU (accession no. KY411823) showed 100%
nt similarity (Fig. 4) with C. spicifera strain B19 from
India (accession no. KM111233) in BLASTn analysis. In
both the phylogenetic trees of ITS and 28S rRNA LSU
gene sequences, our isolate formed a cluster with other C.
spicifera strains along with some strains of Bipolaris spi-
cifera from different continents.
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Discussion

Decline in production of pointed gourd due to fungal patho-
gens has been reported from eastern and north-eastern India
(Chaudhuri, 1975; Bilgrami & Jamaluddin, 1979; Khatua
et al., 1981; Khatua, 2004; Guharoy et al., 2006; Mondal
et al., 2014). Nematode (Mukherjee & Sharma, 1973;
Khatua, 2004) and viral (Raj et al., 2011) infections in pointed
gourd have also been reported from India. Although the
fungus C. spicifera has not been previously reported to be a
pathogen of pointed gourd, it has been reported to infect
several other crops including maize (Li et al., 2016), tomato
(Ismail et al., 2016), mandarin (Garganese et al., 2015),
buffalograss (Amaradasa & Amundsen, 2014), sugarcane
(Lin et al., 2012), pomegranate (Kadri et al., 2011), sorghum

(Unal et al., 2011), switchgrass (Vu et al., 2011), watermelon
(Mhadri et al., 2009) and bermudagrass (Koo et al., 2003).
The morphological features of C. spicifera, as reported by
Jeon et al. (2015), were similar to those of our C. spicifera
isolates. Pathogenicity tests through detached leaf and whole
plant inoculations confirmed that C. spicifera was the causal
agent of the disease. Molecular characterization of the fungus
through sequencing of the ITS and 28S rRNA LSU regions
also showed that all the strains ofC. spicifera and B. spicifera
clustered together as reported by Jeon et al. (2015), Madrid et
al. (2014) andManamgoda et al. (2011). Recent classification
suggests that B. spicifera is an anamorph of C. spicifera and
repositioned under the genus Curvularia (Curvularia group
2) of Pleosporaceae (Jeon et al., 2015). In the present study,
C. spicifera and B. spicifera clustered together in the

Fig. 1. (Colour online) (a–b) Naturally infected pointed gourd leaves showing leaf yellowing and brown necrotic leaf spots; (c) Mycelia mat
of Curvularia spicifera on PDA dishes after 5 days of inoculation; (d) Hyphae and conidiophores bearing conidia of C. spicifera under light
microscope; (e) Germinating conidia of C. spicifera showing bipolar germination under light microscope.

Fig. 2. Amplified PCR product on 1% agarose gel under UV-transilluminator. (a) ITS gene of Curvularia spicifera (L1–L6) and (b) PCR
product of 28S rRNA gene of C. spicifera (L1–L4) [M = 500 bp DNA ladder].
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Fig. 3. Phylogenetic tree of the ITS region of Curvularia spicifera isolate KHBR (indicated in the figure by ♦) and other Curvularia (Group 2) and
Bipolaris (Group 1) isolates obtained fromGenBank. The treewas generated by neighbour joiningmethod usingKimura two-parametermodel. Values at
the nodes indicate percentage of bootstrap support out of 1000 replicates. GenBank accession numbers have been indicated at the end of each branch.
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Fig. 4. Phylogenetic tree of the 28S rRNA region of Curvularia spicifera isolate KHBR (indicated in the figure by ♦) and other Curvularia
(Group 2) and Bipolaris (Group 1) isolates obtained from GenBank. The tree was generated by neighbour joining method using Kimura two-
parameter model. Values at the nodes indicate percentage of bootstrap support out of 1000 replicates. GenBank accession numbers have been
indicated at the end of each branch.
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constructed phylogenetic tree. Thus, we report C. spicifera as
a new pathogen of pointed gourd.
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sites of Haryana, in honey flow and dearth period
during 2014-16.
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Pointed gourd (Trichosanthes dioica Roxb.) is
an important vegetable crop in sub-Himalayan,
West Bengal, India. Fungal diseases are reported
to be the main cause of crop losses. The present
study thus focused on isolation and identification of
the virulent pathogen as well as to control the
pathogen by known bio-agents.

Infected leaf samples showing white leaf spots
were collected from the fields of pointed gourd in
Alipurduar, W.B. The pathogen was isolated in PDA
from infected portions after surface sterilization with
0.1% HgCl

2
 following standard technique. The

conidial and colony morphology were compared with
previous descriptions (Li et al., 2017).

Fungal genomic DNA was purified from 5-6
days old PDB cultures and used for PCR
amplification of ITS region with primers ITS1 and
ITS4. Further, the D1/D2 region of 28 S rRNA large
subunit (LSU) was amplified by PCR using NL1
and NL4 primers. For ITS region amplification, the
PCR conditions were: denaturation step of 95°C for
5 min, followed by 35 cycles of 94°C for 1 min,
55°C for 1 min, 72°C for 2 min with a final extension

of 72 °C for 10 min. For D1/D2 region, the PCR
conditions were: 2 min at 94°C followed by 35
cycles of 1 min at 94°C, 1.30 min at 53°C and 2
min at 72 °C and a final extension at 72°C for 10
min. The amplicons were separated in 1% agarose
gel and were visualized in UV-transilluminator. The
purified PCR products were cloned in pGEM-T easy
vector following the method of Sambrook and
Russel (2001) and were sequenced from Chromous
Biotech Pvt. Ltd., Bengaluru. The nucleotide
sequences of the amplicons were submitted in the
GenBank after BLASTn analysis. Phylogenetic
trees were created in MEGA 6.0 following
alignment with ClustalW 1.6. The phylogenetic trees
were created by neighbour-joining method through
Kimura-2 parameter. The nucleotide identity matrix
was created with SDT 1.2.

In Alipurduar, about 40% of crop fields were
found to be affected by white leaf spot. Early
symptoms on leaves were found as small circular
to oval, white spots that later enlarged and
developed necrotic symptoms (Fig. 1A). Defoliation
of necrotic leaves was observed in several fields.
Necrotic symptoms were found on the fruits also.

doi: 10.5958/0974-0163.2018.00052.6



   
   

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

   
   

   
   

M
em

b
er

s 
C

o
p

y,
 N

o
t 

fo
r 

C
o

m
m

er
ci

al
 S

al
e 

   
 

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 1
80

.1
51

.4
.1

86
 o

n
 d

at
ed

 2
2-

M
ay

-2
01

8

Short Communication

223

Fig. 1. (A) Naturally infected pointed gourd leaves showing white circular leaf spots, (B) Mycelial mat of Fusarium
equiseti on PDA plates after 5 days of inoculation, (C) Conidia of F. equiseti under light microscope, (D)
Amplified PCR product of ITS on 1 % agarose gel, (E) Amplified PCR product of 28S rRNA gene on 1 %
agarose gel [M=500 bp DNA ladder]

Fig. 2. (A & C) Sequence identity
matrix of the ITS (A) and
28S rRNA (C) region of
Fusarium equiseti. Identity
% corresponds to the color
matrix is indicated on the
right side of the figure. (B &
D) Phylogenetic tree of the
ITS (B) and 28S rRNA (D)
region of Fusarium equiseti
generated by neighbour
joining method using
Kimura-2-parameter model
[Values at the nodes indicate
percentage of bootstrap
support out of 1000
replicates. GenBank
accession numbers have
been indicated at the end of
each branch].
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In PDA plates, white fungal mycelia mat of 3.5
cm in diameter was observed in 5 days old culture
which after sporulation produced pink colouration
(Fig. 1B). In colonies, abundant, loosely floccose,
white mycelium was observed. Under light
microscope macroconidia were observed bearing 5
to 6 septa in each. Macroconidia were 30-40 µm
long, possessed dorsiventral curvature, tapered and
elongated apical cell. Microconidia were absent
(Fig. 1C). The morphological characteristics of the
fungus resembled Fusarium equiseti (Li et al.,
2017).

The identity of the pathogen was further
confirmed on molecular basis. Upon PCR
amplification of ITS regions and D1/D2 regions,
expected amplicons of ~530 nucleotide (Fig. 1D)
and ~560 nucleotide (Fig. 1E) was observed on 1%
agarose gel respectively.

The sequenced product of ITS region showed
100% nucleotide identity (Fig. 2A) with F. equiseti
infecting Vicia faba from Mexico (Acc. No.
KY554857) and Hordium sp. from China (Acc.
Nos. KY365574, KY365564, KY365589). The
sequence comprised of partial 18S rRNA, complete
ITS-1, 5.8S rRNA, ITS-2 and partial 28S rRNA
genes. In BLAST analysis the partial 28S rRNA of
LSU also confirmed 100% similarity (Fig. 2C) with
F. equiseti strain C1/24, C1/30 and C1/26 isolated
from soybean cultivated in Brazil (Acc. No.

KM246252, KM246258, KM246254). In both the
phylogenetic tree, our isolates showed similarities
with other F. equiseti strains isolated from different
plants (Fig. 2B, D). In addition, both of them showed
high similarities with F. incarnatum, which may
provide information  about their evolutionary lines.

It was evident that T. harzianum (62.2%) and
T. viride (62.3%) could reduce the growth of the
pathogen (Bandhyopadhyay et al., 2003). Among
the bacterial species Rhizobium radiobacter was
most effective (65.9%) in controlling the pathogen.
It was followed by Pseudomonas putida that
exhibited about 64.5% inhibition activity (Fig. 3).
Similar studies showed that the biocontrol agents
were effective in controlling several pathogens
(Gurha 2001; Kamlesh and Gurjar, 2002; Chaudhary
et al., 2016).
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Fig. 3. (A) Antagonistic activity of Trichoderma harzianum and T. viride against F. equiseti (B) Antagonistic activity
of Bacillus subtillis, B. amyloliquefaciens, Pseudomonas putida, Serratia marcescens, Rhizobium
radiobacter against F. equiseti.
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In India, rapeseed- mustard is an important
group of oilseed crops and contributed around 26.1%
of the total oil seed production. Indian mustard
[Brassica juncea (L.) Czern. and Coss.]
contributes about 85% of the total rapeseed -
mustard produced in India. The yield potential of
these crops is severely affected by several fungal ,
bacterial and other diseases. Alternaria blight caused
by Alternaria brassicae (Berk.) Sacc., is one of
the key disease responsible for heavy losses in
terms of oil yield. Thus, the present study was
undertaken.

Nine genotypes of Indian mustard namely,
Kranti, Varuna, PR-9650, Kirshna, PR- 8988, PR -
9301, PR- 9024 and Divya were selected for the
experiment. Field- layout consisted of nine plots as
genotypes of 4X3 m size for each protected and
unprotected conditions and randomly replicated
thrice. Each plot was surrounded with sowing of
Brassica alba resistant to Alternaria blight. One
plot of each genotype was protected from
Alternaria blight as much as possible by sprayings
of Mancozeb (0.2%) and another plot of each
genotype was kept unprotected. Total seven
sprayings of mancozeb were given at fifteen days

interval in protected plots during entire crop growth
period. Five plants randomly selected in each plot
both protected and unprotected and these plants
were tagged for taking observations of yield
components.

Under protected conditions, plant height of
genotype Kranti was observed to be maximum
(200cm), followed by PR 8988, PR 8943, PR 9024
and Krishna. All these genotypes were at par
however, genotype Varuna PR9301 were at par with
all these genotypes mentioned except Kranti. Under
unprotected conditions, plant height of genotype
Pr8988 was higher (183.66). Plant height of Divya
was significantly smaller than all other genotypes
under both conditions. Under protected conditions,
Divya produced maximum number of pods on main
raceme (51.33) than all other genotypes but it was
not significantly differently from PR-8988, PR- 9024,
KrishnaPR-8943, and Varuna. Under unprotected
conditions Divya produced maximum pods on main
raceme (47.00). Total pods / plant showed that
genotype Kranti produced maximum number of
pods followed by genotypes Divya (422.66 and
389.00, respectively) that were significantly different
from all other genotypes under protected conditions.
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