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ABSTRACT 

Foot rot caused by Phytophthora capsici is a major soil borne disease in black pepper, known as the king of 

spices. Piper colubrinum a distant relative of black pepper is known to be resistant to foot rot disease. The induction of 

PR proteins and defense response genes during pathogen stress is known to be an important strategy for plants to control 

the spread of infection during the initial stages of attack by the pathogen. Here we investigated the role of PR proteins 

viz osmotin, β-1,3-glucanase, defensins and thaumatin like protein, already proven in many plants to be an important 

factor in the control of various pathogens, through real time PCR. Two strains of pathogen maintained at National 

repository of Phytophthora, IISR were used for inoculation of the plant. Plants inoculated with 05-06 strain showed high 

level of expression for the genes under study but the plants inoculated with the other strain 98-93 showed subdued 

expression when compared to plants inoculated with the strain 05-06. These results show the importance of these genes 

and the effect of two different strains on resistant reaction of P. Colubrinum against Phytophthora capsici. 
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INTRODUCTION 

Black pepper, (Piper nigrum L.), the king of spices is an important commercial crop which fetches 

considerable export earnings to the country. Phytophthora foot rot has been identified as a major production 

constraint not only in India but also in other parts of the world. Foot rot is caused by Phytophthora capsici, a soil 

borne oomycete pathogen. Piper colubrinum a wild species of piper is known to be resistant to foot rot disease. 

The present investigation focuses mainly on the expression analysis of osmotin, β-1,3-glucanase, defensin and 

thaumatin like protein genes in challenge inoculated Piper colubrinum plants with P.capsici through quantitative 

RT- PCR.  

Plants have different adaptations to counter the pathogen attack (Agrios 1997). The plants synthesize 

pathogenesis related proteins as a viable strategy (Van Loon et al. 1999) and other defense related or defense 

response protein. When challenged with a pathogen plants activate numerous host defence responses, which 

involve numerous biochemical changes within the host (Jones and Dangle, 2006). This defense mechanisms up to 

some extent include physical strengthening of the cell wall through lignification, suberization, and callose 

deposition; production of phytoalexins which are secondary metabolites, toxic to bacteria and fungi; and synthesis 

of pathogenesis-related (PR) proteins such as β-1,3-glucanases,osmotin, chitinases, defensin, thaumatin like 
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proteins (Bowles 1990). 

The PR proteins are primarily expressed during stress related condition and predominantly during pathogen stress 

(Antoniw and Pierpoint 1978; Van Loon et al. 1994). The discovery of PR proteins was first done in tobacco plants which 

were infected with tobacco mosaic virus (van Loon and van Kammen). PR proteins are currently grouped into seventeen 

families based upon their properties Based on their primary structures, immunologic relationships, and enzymatic 

properties, PR proteins are currently grouped into seventeen families (PR-1 to PR-17) (Van Loon 1999; Görlach et al. 

1996; Okushima et al. 2000; Christensen et al. 2002).The are responsible for the creation of systemic acquired resistance 

(SAR) during invasion by plant pathogens. Osmotin was originally isolated from salt-adapted tobacco cells (Singh et al. 

1987). Additionally, several closely related proteins, usually referred to as osmotins and osmotin-like proteins, have been 

characterized in many plant species (King et al. 1988; Woloshuk et al. 1991; Anzlovar 2002). 

Osmotin is grouped in to the PR-5 family (van Loon and van Strien, 1999). The PR-5 proteins from a variety of 

plant sources have been shown to inhibit fungal growth in vitro (Vigers et al. 1992; Salzman et al. 1998). They caused lysis 

of fungal spores, inhibition of hyphal growth and/or reduction of spore germination (Woloshuk et al. 1991; Abad, et al. 

1996; Koiwa et al. 1997). Osmotin is known to cause sporangial lysis of Phytophthora infestans (Woloshik et al. 1991) by 

a oomycete membrane permeabilizing mechanism. Abad et al. (1996) reported that tobacco osmotin caused membrane 

leakage and dissipated the pH gradient across the cell wall/membrane of sensitive fungal species. In addition, transgenic 

plants constitutively expressing PR-5 proteins have been shown to exhibit enhanced disease resistance (reviewed in 

Velazhahan et al. 1999; Velazhahan and Muthukrishnan 2003). In this respect, PR-5 proteins must have an important role 

in plant defense against pathogens. β-1,3-glucanase belongs to PR-2 class and are able to catalyze endo-type hydrolytic 

cleavage of the 1,3-β-D-glucosidic linkages in β-1,3-glucans. β-1,3-Glucans are the major components of the cell walls of 

oomycetes (Wessels and Sietsma 1981). It mainly solublize elicitor active glucan molecules from the fungal cell wall 

(Mauch and Staechelin 1989). This is well documented for interactions between soybean and the β-glucan elicitor from the 

pathogenic oomycete Phytophthora megasperma f. sp. glycinea (Albersheim and Valent 1974). Cysteine rich proteins 

closely related to mammalian proteins are called as plant defensins (Thomma et al. 2002; Zasloff 2002; Lay and Anderson 

2005). They are expressed in most, if not all, plants. Defensins bind specifically to the plasma membrane of fungi 

(Thevissen et al. 1997) and permeabilize them resulting in cell growth arrest (Thevissen et al. 1999). Receptor mediated 

signals are either transmitted through MAP kinases or directly to unidentified molecular factors eventually affecting the 

downstream processes. It is not clearly known if the interaction of plant defensins with pathogen cell wall components 

and/or plasma membrane components (other than sphingolipids) is required for entry into the pathogen cells. It remains to 

be determined if plant defensins have specific organelle and/or other subcellular targets inside the fungal cell. (Kaur et al 

2011). Thaumatin-like proteins are having similiarity to the sweet protein thaumatin from the West African plant 

Thaumatococcus daniell (Iyengar et al. 1979). TLP are involved in plasma membrane permeabilization of sensitive 

pathogen, before this it binds to β-(1,3)-glucans (Abad et al. 1996) which usually requires direct insertion of the protein 

into fungal membranes to form transmembrane pores (Roberts and Selitrennikoff 1990).  

MATERIALS AND METHODS 

Piper colubrinum plants maintained in green house were used for this study. Young leaves were used for pathogen 

inoculation. Phytophthora capsici grown on carrot agar medium was used for inoculation. Isolate 05-06 and 98-93 

maintained at the National Repository for Phytophthora at the Indian Institute of Spices Research were used for the present 
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study. Out of the two isolate, 98-93 isolate have been proven to be highly virulent (Vinitha et al unpublished results). 72 

hour old culture was used for inoculation. The mycelial discs measuring 10 mm was cut out from the culture plates and 

was used for inoculation. The disc were kept below the surface of the leaves along with wet cotton and held together with 

cellophane tape. A total of nine treatments (different time intervals) were used for RNA extraction. These time intervals 

include 1, 2, 4, 8, 16, 24, 48, and 72 hours. An un inoculated leaf sample served as a control. Primer designing (Table 1) 

were done using Primer 3 software using sequence information obtained as a result of transcriptome sequencing done in 

Piper colubrinum challenge inoculated with P.capsici, by Indian Institute of Spices Research (Genotypic Technologies, 

Bengaluru). 

Table 1: List of Primers Used for this Study 

SL NO Gene Primer Sequences 
Amplicon 

Length 

1 OSMOTIN 
5`-CTCCAACCTCGACTTCTTCG-3` F 

195 
5-`GCCGGCGTTGCAACAATACT-3` R 

2 
Β-(1,3)-
GLUCANASE 

5`-CGATGGGTACGTACGTGAACAGTG-3` F 
190 

5`-CCGGCCTACAAAATGACATC-3` R 

3 DEFENSIN 
5`-GTTTCAACTTCCCTCCCACA-3` F 

164 
5`-ACTGAGCCACAGGTTCAAGG-3` R 

4 
THAUMATIN 
LIKE 
PROTEIN 

5`GTACAAAACCCGGACCAGAA-3` F 
198 

5`-GTGGAGCGAGGTCAGAAAAG-3` R 

 
RNA Extraction  

Total RNA was extracted from the inoculated and control samples using kits manufactured by Sigma. Leaves 

homogenized in liquid nitrogen were used as a starting material. After the isolation the RNA quality was confirmed with 

the help of an agarose gel and simultaneously the concentration of the RNA was measured by spectrophotometer. The 

RNA was also given a DNase (Ambion) treatment to remove any contaminating DNA in the sample. 

cDNA Synthesis 

About two micrograms of RNA were used for cDNA synthesis. And cDNA synthesis was done according to 

standard procedure prescribed by the manufacturer. 

Real Time PCR 

Realtime PCR was done with 100ng cDNA. Quantifast SYBR green (Qiagen) was used and the PCR conditions 

and the concentration of the reagents were according to the manufacturer’s instruction. Threshold cycle (CT) value was 

determined mainly by using the software version 2.0.2 Rotorgene-Q and normalization of the data was done by actin gene. 

RESULTS 

The expression levels of osmotin, β-1,3 glucanase, defensin, thaumatin like protein known to play an effective 

role in plant defense, were compared by real time PCR technique in inoculated plants with respect to uninoculated control 

plants, during the interaction between Piper colubrinum and Phytophthora capsici at different time points. RNA samples 

were extracted from inoculated leaves at six time points after challenge inoculation with P.capsici strain (05-06) and 

another strain 98-93 which is known to be more virulent than 05-06. The time points chosen in this experiments were 1, 2, 

4, 8, 16, 24, 48, 72 and 96 hours; and in case of defensin, 1 and 2 hour treatments were included as it showed high level of 
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expression in the preliminary experiments conducted. Prior to experimentation, the specificity of designed primers was 

checked with normal PCR and the products were run on agarose gels and it was found that the primers were working well 

with single distinct band produced in case of each primer.  

Real time PCR experiments showed that accumulation of osmotin, β-1,3-glucanase defensin, thaumatin like 

protein RNA’s were significantly higher in inoculated plants than that of the control plants. Plants inoculated with 05-06 

strain showed higher level of expression of these defense genes when compared to the strain 98-93, except in the case of β-

1,3-glucanase. Osmotin gene showed a peak expression at 72 hours post inoculation (hpi) and was down regulated at 96 

hpi. In case of 98-93 higher expression was reached at 48 hpi (Figure 1). β-1,3- glucanase gene also showed an early 

induction at 16 hpi and reached its peak expression at 72 hpi and was showing a low level of expression at 96 hpi. In case 

of plants inoculated with 98-93 the peak expression was observed at 48 hours and was down regulated at 96 hpi (Figure 2). 

Defensin gene showed an early induction and high expression at 1 hpi in both 05-06 and 98-93 strain inoculated plants 

(Figure 3). Thaumatin like protein showed peak expression at 72 hpi in case of 05-06 and there was no significant 

expression in the case of treatments inoculated with 98-93 (Figure 4). 

 

Figure 1: Graph for Relative Expression of Osmotin Gene 

 

Figure 2: Graph for Relative Expression of β-1,3 Glucanase Gene 
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Figure 3: Graph for Relative Expression of Defensin Gene 

 

Figure 4: Graph for Relative Expression of Thaumatin like Protein Gene 

DISCUSSIONS 

Induction of genes encoding proteins with anti-oomycete activity is one of the strategies of the plant defense 

mechanism especially in resistant plants. Primary mRNA amounts, the rate, and the level of induction of these genes are 

three important factors to protect plants against pathogenic attacks. In this study we investigated the expression of some of 

the PR protein genes and other defense responsive genes in Piper colubrinum challenge inoculated with two Phytophthora 

capsici strains. An interesting finding in this research is that plants inoculated with the strain 05-06 showed higher level of 

expression for all the genes when compared to the strain 98-93, except in the case of β-1,3 glucanase gene. The low 

activity of defense genes in specific cases might be due to suppression of host defense genes by 98-93 strain found to be 

more virulent than the strain 05-06 (Vinitha et al unpublished results). The activity of effectors of the virulent pathogen 

might be one of the cause for this low expression as reviewed by (Brett Tyler 2009), where RxLR-DEER effectors from 

oomycetes caused suppression of defense responsive genes. P.infestans RXLR effector PexRD2 has evolved to interact 

with a specific host MAPKKK to perturb plant immunity–related signaling (King et al. 2014). Phytophthora sojae effectors 

have the peculiar ability to suppress RNA silencing in plants which eventually leads to enhanced plant susceptibility to 

Phytophthora infection (Qiao et al. 2013). 
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Pathogenesis Related proteins has been found systemically and locally in an infected plant (Van Loon et al. 2006). 

Among these osmotin which belongs to PR 5 group and β-1,3 glucanase belongs to PR 2 group are very vital for plant 

defense. Osmotins are thought to create transmembrane pores (Woloshik et al. 1991). Osmotin inhibits the germination and 

growth of an invading hyphae or the development of a functional haustorium in Phytophthora infestans (Woloshik et al. 

1991) and β-1,3-glucanase attack β-1,3 glucans; components of the cell wall in fungi as well as in oomycetes. Here in this 

experiment significantly higher expression level of osmotin gene was observed (nearly 899 times compared to the control). 

Similiarly in Realtime PCR experiment in Piper colubrinum inoculated with the pathogen Phytophthora capsici showed 

induction of osmotin transcripts by more than 100 fold (Dicto and Manjula, unpublished results). β-1,3-glucanase showed 

early high level of expression at 24 hpi and peak expression was observed at 72 hpi. Glucanase have been reported to be 

strongly expressed at 24 hpi in pepper (Capsicum) cultivars inoculated with Phytophthora capsici (Silvar et al. 2007). 

Nazeem et al (2008) reported the role of β -1, 3 glucanase in the defense mechanism in foot rot tolerant variety of black 

pepper ‘Kalluvally’. Significant induction of β-1,3-glucanase genes against Colletotrichum was observed in strawberry 

plants at 24 hpi and 48 hpi (Shi et al 2005). Defensin which is another important PR protein gene (PR 12) was expressed 

very early after challenge inoculation of plants with both the pathogen strains and expressed at higher levels at 1 hpi. This 

shows that defensin protein is an important component in disease resistant reaction probably required for membrane 

permeablization of pathogen at very early stage as defensin is known to cause membrane permeabilization. Defensins are 

known to have an important role in the first line of defense against pathogens (Terras et al. 1995). Defensin gene 

expression was observed to occur rapidly and strongly induced during early hours of infection of cowpea with cowpea 

severe mosaic virus (Padovan et al. 2009). Real time PCR analysis of defensin in transgenic lines of potato showed relative 

expression level ranging from 1 to 15 folds and was very effective against Phytophthora infestans infection (Portieles et al. 

2010). Thaumatin like protein also showed late expression peak at 72 hpi. In Solanum tuberosum plants inoculated with 

Phytophthora infestans thaumatin like protein showed high level of expression at 72 hpi (Restrepo et al. 2005).  

CONCLUSIONS 

Real time PCR analysis of the above mentioned defense responsive genes, which showed high level of expression 

compared to un-inoculated plant, gives us some insight on the importance of these genes in defense reaction of Piper 

colubrinum against the oomycete pathogen Phytophthora capsici.  
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