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Abstract

Pooja S., Babu S. (2017): Responses of rice to Rhizoctonia solani and its toxic metabolite in relation to expres-
sion of Osmyb4 transcription factor. Plant Protect. Sci., 53: 208–215.

The reaction of IR 50, TRY 3, and IR 36 cultivars of rice to R. solani challenge, the causal agent of sheath blight, and 
its toxic metabolite was studied. Differential response of these cultivars to the pathogen and/or toxin inoculation was 
observed in detached leaf sheaths and greenhouse-grown plants. The observations were based on disease scoring, 
electrolyte leakage, and also microscopic views of infection cushions. The Osmyb4 gene expression was studied in the 
tissues from all these experiments and a correlation between the level of expression and disease response of the varie-
ties was found at least in some experiments. The mechanisms regulated by Osmyb4 might have a lower but significant 
contribution to the tolerance of rice cultivars to sheath blight. 
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Sheath blight is a major fungal disease of rice caused 
by Rhizoctonia solani Kuhn leading to significant yield 
losses in all the rice growing regions of the world. 
Every year, sheath blight causes up to a 50% decrease 
in rice yield under favourable conditions (Groth 2008; 
Bernardes et al. 2009). In Asia, it affects approxi-
mately 15–20 million ha of irrigated rice fields and 
causes a yield loss of 6 million tons of rice grains per 
year (Bernardes et al. 2009). Until now the control 
measure practiced to combat the disease has been 
the use of fungicides. According to the reports, IR 50 
is a variety known to be susceptible to sheath blight 
(Nandakumar 2002). TRY 3 (parentage: ADT43/
Jeeraga samba) is a sheath blight tolerant variety 
released from Tamil Nadu Agricultural University, 
Coimbatore, India in 2010. IR 36 is a variety resistant 
to multiple diseases (Khush & Virk 2005) including 
blast, bacterial blight and viral disease. However, the 
molecular mechanisms behind the field observed 

resistance of TRY 3 to sheath blight are unknown. 
With the availability of the whole genome sequence 
of rice and the advent of omics technologies, it is 
now possible to understand the mechanism of several 
complex physiological processes including disease re-
sistance. While the pathogenic mechanism of R. solani 
is studied based on the whole genome sequencing of 
the fungus (Su’di et al. 2013; Zheng et al. 2013), on 
the other hand we attempted to study the role of rice 
transcription factors in sheath blight resistance. With 
the long-term objective of using the understanding 
in molecular breeding for sheath blight resistance, 
transcription factors are believed to be useful targets 
to investigate as they regulate and network many 
physiological processes in plants.

The rice Osmyb4 gene belonging to the R2/R3 
subgroup of Myb transcription factors is known to 
be involved in response to both abiotic and biotic 
stresses. Homologous as well as heterologous overex-
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pression of Osmyb4 in monocot and dicot plants have 
been reported to improve stress tolerance through 
direct or indirect activation/repression of several 
downstream genes. This includes expression in crops 
and plants like rice (Park et al. 2010), barley (Soltesz 
et al. 2012), Arabidopsis (Vannini et al. 2004, 2006; 
Mattana et al. 2005), tomato (Vannini et al. 2007), 
apple (Pasquali et al. 2008), and Osteospermum 
ecklonis (Laura et al. 2010). Docimo et al. (2013) 
performed an ectopic expression of Osmyb4 in tobacco 
and Salvia sclarea plants to produce specific bioactive 
compounds, the objective of which was different from 
the aforesaid studies on other plants. The Osmyb4 
subfamily was found to be highly conserved among 
monocots and putative homologues are predicted in 
both monocots and dicots (Baldoni et al. 2013). They 
also observed Osmyb4 regulating its own expression 
by an autoregulatory mechanism. Altogether, the 
results of these studies indicate the pivotal role of 
Osmyb4 as a candidate gene for engineered stress 
tolerance/resistance in plants. It is obvious that most 
observations are oriented towards abiotic stress and 
the direct role of this gene in biotic stress response 
remains largely unknown. 

We reported naturally existing levels of Osmyb4 
expression in rice varieties relating to sheath blight 
and bacterial leaf blight resistant/susceptible geno-
types (Singh et al. 2013). Recently, we reported an 
induction of this gene upon the sheath blight patho-
gen challenge and its correlation with other disease 
resistance genes like aminotransferase, ankyrin, and 
WRKY 12 (Pooja et al. 2015). 

In this study, we used artificial inoculation of 
Rhizoctonia solani, the rice sheath blight pathogen 
and its toxic metabolite in rice plants to demonstrate 
the role of Osmyb4 in sheath blight pathogen response.

Material and Methods

Rice varieties and growth of seedlings. Rice (Oryza 
sativa L.) seeds of cultivars TRY 3 (tolerant to sheath 
blight), IR 50 (susceptible to sheath blight), and IR 36 
(resistant to multiple diseases of rice excluding sheath 
blight) were obtained from Paddy Breeding Station, 
Tamil Nadu Agricultural University, Coimbatore, 
India. The seedlings were grown in germination 
paper in Hoagland’s solution at room temperature 
for a period of two weeks. For a pot culture experi-
ment, seedlings of the same varieties were raised 
in plastic pots (3.75 inches high and 5  nches at the 

opening). The pots contained wetland soil with or-
ganic carbon 0.23%, pH 6.64, electrical conductivity 
of 0.06 dS/m (non-saline), and available N, P, K 168, 
13.0, and 188 kg/ha, respectively.

Pathogen. Rhizoctonia solani Kuhn (strain RS 7, 
anastomosis group AG1, subgroup 1A) was obtained 
from the Department of Plant Pathology, Tamil Nadu 
Agricultural University, Coimbatore, India. The cul-
ture was maintained on potato dextrose agar (PDA).

Partial purification and inactivation of R. solani 
toxin. R. solani was grown in Richard’s medium (50 g of 
sucrose, 10 g of KNO3, 5 g of K2HPO4, 2.5 g of MgSO4, 
0.02 g of FeCl3, and 1000 ml of distilled water, pH 7.0) 
in 500 ml Erlenmeyer flask by inoculating 4–5 mycelial 
discs (5 mm in diameter) grown in PDA and incubated 
at room temperature for 21 days. Mycelia were removed 
by filtering through Whatman filter paper No. 1 and 
the culture filtrate was treated with an equal volume 
of methanol, it was further stored overnight at 4oC. 
Further the filtrate was condensed to 15 ml volume in a 
rotary evaporator (SuperfirTM Rotavap; Genser Scientific 
Instruments, Rothenburg ob der Tauber, Germany) at 
65°C. Partial purification of the toxin was done with 
hexane, ethyl acetate, and chloroform in succession in 
a separating funnel. Gel permeation chromatography 
(Vidhyasekaran et al. 1997) was done for obtaining 
the partially purified toxin. The column contained 
Sephadex G-75 (Sigma Chemical Co., St. Louis, USA) 
as the gel matrix. Several 5-ml fractions were collected 
and the elutions corresponding to the peak absorbance 
were pooled and condensed in a rotary evaporator and 
reconstituted in sterile water. Chemical inactivation of 
toxin was done by mixing 2 ml of 35 mM potassium 
periodate with 10 ml of the partially purified toxin and 
incubated at 5°C for 22 hours. Further, the mixture was 
dialysed against sterile water for 24 hours.

Electrolyte leakage study. Rice sheath tissue pieces 
of cultivars TRY 3, IR 50, and IR 36 (2 mm size) 
were prepared from 45-days-old plants and tied 
in muslin cloth (100 mg/cloth bag). Three sets of 
the tubes were made each containing 3 ml of active 
toxin, inactive toxin, and water (control). Tissue 
pieces were infiltrated in vacuo for 30 min at room 
temperature followed by rinsing in distilled water 
several times and further leaching against 10 ml of 
distilled water for 45 minutes. The solution was used 
to evaluate the mean values of conductivity (µS/cm) 
at 0, 15, and 30 min (Vidhyasekaran et al. 1997). 
The experiment was performed with ten replications.

Artificial inoculation and disease scoring. A 
sheath blight infection assay was performed in de-
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tached sheath as well as greenhouse-grown plants. 
Seedlings were raised in pot culture as described by 
Singh et al. (2013). For the detached sheath bioas-
say, sheaths were obtained from the actively grow-
ing tillers of 45-days-old plants. Inoculation of the 
pathogen was done by the pin prick method on the 
surface of the detached sheath and sheath portions 
of greenhouse-grown plants. Mycelial discs were cut 
from the active growing edges of R. solani culture 
in PDA plates using a cork borer.

Detached sheath bioassay with mycelial disc – Rice 
sheaths collected from 45-days-old plants of all the three 
varieties were uniformly cut into 7 cm. Each sheath 
was placed on a glass slide and its end was fixed with 
tape to avoid the disturbance of the sheath position. An 
injury was made using a sterile needle and the mycelial 
disc was placed over it. Plain PDA disc without culture 
served as control. The slides were kept in sterile Petri 
plates lined with 3 layers of Whatman filter paper 
No. 1 wetted with sterile water. The Petri plates were 
incubated at room temperature under laboratory condi-
tions (12 h light and 12 h of darkness ± 2). Ten sheaths 
(replications) were used per treatment per variety and 
the entire experiment was done twice.

Detached sheath bioassay with active/inactive toxin 
– The experiment set up and disease scoring were 
similar as described for the bioassay done with mycelial 
disc. Instead of the mycelial disc, a volume of 50 µl of 
toxin (50 µg glucose equivalence) and inactive toxin 
(used to check the effect on Osmyb4 expression) were 
placed on the needle pricked region of the sheath. 
Inoculation with sterile water served as control. Ten 
sheaths (replications) were used per treatment per 
variety and the entire experiment was done twice.

Bioassay in greenhouse-grown plants – Seedlings 
were grown in a greenhouse for four weeks at 28–30°C 
under natural light conditions. Artificial inoculation 
using R. solani mycelial discs was done on replicated 
sets (ten plants for each variety and two sheaths per 
plant). Moisture was maintained everyday by ap-
plying sterile distilled water at the site of infection. 
Plants were covered with polythene bags sprayed 
with sterile water 24 h before and after inoculation.

Disease scoring was done following the standard 
protocol (Nandakumar et al. 2002) at 120 h and per-
centage disease index (PDI) was calculated based on the 
grades of 0–9 scale. For every treatment, scoring was 
done on two sheaths per plant on ten plants. Twenty 
score points were totalled to get the total grade points: 
Disease index = (Total grade point/No. of sheath observed)  
                           × (100/Max. grade)

Observation of infection cushions. The experimen-
tal setup was similar as described for the bioassay 
done with R. solani mycelial discs. A region of 2.5 cm 
long each from the infected and uninfected sheath 
from the three cultivars TRY 3, IR 50, and IR 36 was 
cut and the epidermal layer along with tissues was 
dissected using a sterile needle. This was stained 
with 0.5% trypan blue and placed on a glass slide. 
The number of infection cushions was counted in 
each square at 100× using a light microscope and 
reported as the number of infection cushions per cm2  
(Choppakatla et al. 2006).

Semi-quantitative RT-PCR analysis. After disease 
scoring (120 h after inoculation) in the detached 
sheaths as well as sheaths of greenhouse-grown plants, 
a region of 1 cm long each from above and below the 
pin pricked site of infected and uninfected sheaths 
was cut from all samples and frozen for the gene ex-
pression analysis. Tissue samples collected from ten 
sheaths for each treatment and variety were pooled 
and ground to a fine powder using liquid nitrogen. 
Total RNA was isolated from all preserved samples 
of the infection assay experiment, using the Raflex 
total RNA isolation kit (Genei, Bangalore, India) as 
per the manufacturer’s protocol. Semi-quantitative 
reverse transcription PCR was carried out following 
the protocol as we already reported (Singh et al. 
2013) with the following primers: forward primer ‒ 
5'GCGTCGACTATGAAGCGGAAGCGGCCGGC’3 
and reverse primer ‒ 5'CGCGGATCCGCTTACT-
GTTTGGATTCCATGA’3. Amplification of the  
Osmyb4 gene was carried out with initial denatura-
tion at 95°C for 2 min and 20 cycles of denaturation 
at 95°C for 1 min, 48°C annealing for 1 min and 72°C 
extension for 1 minute. The rice actin gene was used as 
an internal control and amplification was performed 
using the primers 5'GTATCCATGAGACTACATA-
CAAC'3 and 5'TACTCAGCCTTGGCAATCCACA'3 
with an annealing temperature of 54°C. The experi-
ment was repeated twice to confirm the results.

Statistical analysis. Statistical analysis was per-
formed using ANOVA and the results of infection 
assays and electrolyte leakage study were expressed 
as mean ± SD with error bars in the graphs. P < 0.05 
implies significance.

Results

Infection assay on detached sheath. Artificial in-
oculation using the mycelial discs of R. solani was done 
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on three varieties, TRY 3, IR 50, and IR 36 (Figure 1A). 
Cv. IR 50 recorded a higher percentage disease index 
compared to cvs TRY 3 and IR 36 (Figure 1B). A similar 
experiment was performed with active and inactive 
toxin for inoculation and the PDI was calculated (Fig-
ure 2). Although the cultivar differences in response 
to active toxin were not drastic in terms of the PDI, 
inoculation with inactive toxin revealed cultivar dif-
ferences. Overall, inoculation with inactive toxin 
recorded very negligible lesions and correspondingly 
the lower PDI. Inoculation with the active toxin of 
R. solani resulted in a PDI of 17.66 in cv. IR 50 where 
the inoculation of inactive toxin in the same variety 
recorded PDI 0.70. The sheath blight PDI was 0.35 
and 0.62 in cvs TRY 3 and IR 36, respectively, when 
inoculated with inactive toxin. 

Electrolyte leakage study. The ability to cause the 
leakage of electrolytes from rice sheath tissues was 
studied with the three cultivars TRY 3, IR 50, and IR 
36 using active and inactive toxin with water as control 
(Figure 3). The conductivity was measured at 0, 15, 
and 30 minutes. Active toxin showed rapid electrolyte 
leakage as compared to inactive toxin and control where 

the cv. TRY 3 showed a maximum with 2.95 µS/cm  
followed by cvs IR 50 and IR 36 with the lowest leakage. 
Inactive toxin was able to cause maximum electrolyte 
leakage in the cv. IR 50 (1.17 µS/cm) followed by cv. IR 
36 and the lowest leakage was exhibited by cv. TRY 3. 

Observation of infection cushions. Development 
of R. solani hyphae on the inoculated sheath tissue of 
the rice cultivars was microscopically observed and 
the number of infection cushions produced by the 
fungus was counted. In general, the growth of the 
hyphae was observed to be random (Figure 4). The 
severity of the infection could be correlated with the 
number of infection cushions formed, i.e. the sus-
ceptible cv. IR 50 showed the maximum number of 
infection cushions (225 cm–2) followed by tolerant/
resistant cv. IR 36 (218 cm–2), and cv. TRY 3 (185 cm–2)  
after 72 h of infection.

Infection assay in greenhouse-grown plants . 
Artificial inoculation with R. solani in the sheaths 
resulted in the PDI of 23.44 for cv. IR 50. The PDI 
values of the other two varieties TRY 3 and IR 36 
were found to be 16.03 and 12.96, respectively. The 
results of the experiment are shown in Figure 5.
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Figure 1. Infection assay on detached sheaths of different 
varieties using R. solani mycelial discs: (A) Symptom deve-
lopment on stems inoculated with R. solani mycelial discs 
(a) and plain agar discs (b); (B) Disease severity of the rice 
varieties upon inoculation with R. solani mycelial discs

0
2
4
6
8

10
12
14
16
18
20

TRY 3                       IR 50                         IR 36

 D
is

ea
se

 in
de

x 
(%

 P
D

I)

Rice varieties

Active toxin Inactive toxin

Figure 2. Infection assay on detached sheaths of different 
varieties using R. solani active or inactive toxin: (A) Sheath 
blight lesions produced on different varieties inoculated 
with active toxin (a), inactive toxin (b), and sterile water 
(c); (B) Disease severity in rice varieties upon treatment 
with R. solani active or inactive toxin
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RT-PCR analysis of Osmyb4 expression. Osmyb4 
was not found to be expressed in the control sheaths 
of IR 50, whereas after R. solani infection the variety 
showed the gene expression although it was lower as 
compared to the other two cultivars. On the other 
hand, cv. TRY 3 was observed to have the expression 
of the gene in both control and infected sheaths, but 
the expression was found to be higher with infec-
tion. There was not a large difference observed in 
the expression level of this gene and it was found to 
be more or less similar in cv. IR 36, with or without 
infection (Figures 6a–d). The RT-PCR analysis done 
on RNA samples obtained from the infection assay 
experiment using toxin revealed varietal differences 
in Osmyb4 expression (Figures 6e–j). The TRY 3 va-
riety displayed a reduction in the expression level of 
the gene. Comparing the inoculation of inactive toxin 
and active toxin, similar results were obtained for cv. 
IR 36. In cv. IR 50, inactive toxin was able to induce 
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Figure 3. Electrolyte leakage from rice sheath tissues by 
R. solani toxin

Figure 4. Microscopic view (100×) of infection cushions 
developed on detached sheats of three cultivars: Lateral 
sections of sheath tissues of (A) TRY 3, (B) IR 50, and (C) 
IR 36 showing R. solani infection cushions
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Figure 5. Pathogenicity assay on intact plants grown under 
greenhouse conditions: (A) Sheath blight symptoms on 
stems of different varieties inoculated with R. solani (a) or 
uninoculated (b); (B) Disease severity of different varieties 
upon artificial inoculation
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the expression of the gene which was not found in 
the case of active toxin inoculation. Osmyb4 expres-
sion was induced in the greenhouse-grown cv. TYR 3 
plants upon inoculation with R. solani compared to 
other varieties (Figures 6 h–n). The expression level 
was undetectable in cv. IR 50 in both inoculated and 
uninoculated plants.

Discussion

Homologous expression in rice was found to pro-
duce a similar induction of stress tolerance like in 
heterologous species (Park et al. 2010). In previous 
work, we demonstrated that the naturally existing 
levels of the Osmyb4 gene expression in rice seed-
lings correlate with the known genotypic reaction 
of rice cultivars to sheath blight disease (Singh et 
al. 2013). The susceptible IR 50 variety had a lower 
level of expression than cvs TRY3 and IR 36. 

In the present study, we have explored the reaction 
of these varieties to R. solani challenge, the causal 
agent of sheath blight, and its toxic metabolite. Dif-
ferential response of these cultivars to the pathogen 
and/or toxin inoculation was observed in detached 
leaf sheaths and greenhouse-grown plants. The ob-
servations were based on disease scoring, electrolyte 
leakage, and also microscopic views. The Osmyb4 
gene expression was studied in the tissues from all 
these experiments and a correlation between the level 
of expression and disease response of the varieties 
was found at least in some experiments. 

The clear statistical difference observed between 
varieties in reaction to the inoculation of mycelial 
discs of R. solani in either detached sheaths or green-
house-grown plants was not seen in the experiments 
with toxin. The results of mycelial disc inoculation 
studies were also supported by the observations on 
infection cushions of R. solani in the inoculated 
tissues. The number was higher in susceptible cv. 
IR 50 than in the other two varieties. These results 
indicate that either the inoculation of toxin does not 
exactly mimic the pathogen infection or the quantity 
of toxin (we used 50 µl containing 50 µg glucose 
equivalents) used in the study was not sufficient to 
induce any response in rice tissues.

The gene expression analysis in detached sheaths 
inoculated with mycelial discs of R. solani revealed 
interesting results. TRY 3 and IR 36 varieties ex-
hibited the gene expression even without pathogen 
challenge. Increased expression upon challenging 

Figure 6. Osmyb4 expression analysis in rice cultivars 
under different experimental conditions

Lane 1 –TRY 3; Lane 2 – IR 50; Lane 3 – IR 36; (a) Detached 
sheath inoculated with R. solani mycelial disc (Osmyb4); (b) 
Detached sheath inoculated with R. solani mycelial disc (rice 
actin); (c) Detached sheath inoculated with plain agar disc 
(Osmyb4); (d) Detached sheath inoculated with plain agar disc 
(rice actin); (e) Detached sheath inoculated with R. solani active 
toxin (Osmyb4); (f ) Detached sheath inoculated with R. solani 
active toxin (rice actin); (g) Detached sheath inoculated with 
R.  solani inactive toxin (Osmyb4); (h) Detached sheath ino-
culated with R. solani inactive toxin (rice actin); (i) Detached 
sheath inoculated with sterile water (Osmyb4); (j) Detached 
sheath inoculated with sterile water (rice actin); (k) Greenhouse- 
grown plants inoculated with R. solani (Osmyb4); (l) Green-
house-grown plants inoculated with R. solani (rice actin); (m) 
Greenhouse-grown plants – uninoculated control (Osmyb4); (n) 
Greenhouse-grown plants – uninoculated control (rice actin)
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with the pathogen was observed only in cv. TRY 3 
compared to cv. IR 36. IR 36 is a variety which is 
known for its resistance to multiple diseases including 
blast, bacterial leaf blight, grassy stunt, and tungro 
(Khush & Virk 2005). This variety was selected 
in our study to compare sheath blight resistant cv. 
TRY 3 with a non-resistant variety in addition to a 
susceptible variety. The difference observed between 
cvs TRY 3 and IR 36 with respect to the Osmyb4 
expression indicated that Osmyb4 mediated resist-
ance may be specific to sheath blight. The reason 
behind observed resistance to sheath blight in cv. IR 
36 in the artificial inoculation studies needs further 
investigations. Cv. IR 50 showed the gene expression 
after infection and the level was comparable with the 
uninoculated cvs TRY 3 and IR 36. In other words, 
Osmyb4 is induced in a susceptible variety by the 
pathogen infection to a level which is similar to the 
natural level in a tolerant variety. The amount of 
Osmyb4 transcripts in rice plants determines the 
susceptibility or resistance to R. solani.

In the experiment with toxin inoculation, the ex-
pression of Osmyb4 remained more or less unaltered 
in TRY 3 both in toxin inoculated and uninoculated 
sheaths. Inactive toxin also suppressed the expres-
sion of the gene. This correlates with our results in 
electrolyte leakage and disease scoring experiments 
involving toxin. In addition, inactive toxin was found 
to elicit the expression of Osmyb4 in the susceptible 
IR 50 variety. Based on these two experiments it can be 
concluded that R. solani mycelia as well as its toxin are 
able to induce Osmyb4 transcripts in detached sheaths 
of susceptible variety, however to a level which is not 
sufficient to demonstrate a tolerance or resistance re-
action. In the whole plants (greenhouse experiment), 
there was no detectable gene expression in cv. IR 50 
either with or without pathogen challenge indicating 
that the gene could have a role in resistant varieties 
and not in susceptible varieties. The results from the 
greenhouse-grown plants were similar to those observed 
in detached sheath experiment (inoculated with mycelial 
discs). Overall, considering the gene expression results 
in detached sheaths and greenhouse plants inoculated 
with mycelial discs, in the experiments which closely 
resemble natural infection in field conditions compared 
to toxin experiments there is a clear induction of the 
gene in the sheath blight tolerant variety TRY 3 upon 
pathogen challenge. 

Since electrolyte leakage is a measure of the ef-
fect of R. solani toxin on rice plants and an indica-
tor of susceptibility/resistance (Vidhysekaran et 

al. 1997; Sriram et al. 2000), we tried to observe 
electrolyte leakage in the varieties under study and 
also the expression of Osmyb4 upon toxin treatment. 
Although the results obtained with toxin inoculation 
and electrolyte leakage are not convincing, it also 
leads to an understanding that the Osmyb4 medi-
ated resistance might involve a direct effect on the 
pathogen rather than its toxic metabolite. In other 
words, Osmyb4 mediated sheath blight resistance 
might not be based on a detoxification mechanism. 
This is supported by our recent observation on the 
induction of Osmyb4 along with aminotransferase 
and ankyrin proteins which have a direct role in 
pathogen resistance through the cell wall thickening 
and callose deposition (Pooja et al. 2015).

The mechanisms regulated by Osmyb4 might have 
a significant contribution to the tolerance of rice 
cultivars to sheath blight. Vannini et al. (2004) 
reported that the expression level of the Osmyb4 
transcription factor is known to be low in normal 
conditions and strongly induced at 4°C. The natural 
promoter of this gene in rice genome is cold induc-
ible. Sheath blight is a major disease in tropical rice 
grown under hot humid weather. The low level of the 
natural expression of Osmyb4 could be one of the 
reasons why most indica varieties are susceptible to 
this disease. This can also be interpreted as follows: 
the cold inducible nature of the gene could be the 
reason why sheath blight is not a serious disease in 
temperate countries/regions. From this point of view, 
the engineered expression of Osmyb4 by replacing 
the cold inducible promoter with a constitutively 
expressing promoter remains a valid strategy for 
developing a transgenic rice variety with sheath 
blight resistance. 
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