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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. 
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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. 

 


