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Tilletia indica in wheat showed the high of amount 

protein and more biomass production induced by host 

factors 

 
Abhishek Kumar, Gohar Taj and Anil Kumar 

 
Abstract 
The Karnal bunt disease is a very important disease of wheat which is stable food for human beings 

caused by Tilletia indica (T. indica). This disease profoundly affects wheat yield attributes since it causes 

the bed smell due to the presence of trimethyl amines. Therefore it is directly related to the wheat trade 

and leads to key interest among the researchers to understand more about the pathogen T. indica. 

However, this pathogen showed high variation in morphological, biochemical, and developmental forms. 

Observed results suggested that the variability among the monopodial culture was mostly because of 

genetic factors. Moreover, variability is also because of internal factors apart from external 

environmental factors. Therefore here it is very obvious to understand more about some internal factors 

of the host so-called host factors which are much pronounced in monosporidial strains.  

Host factors are heat labile and have a profound effect on the pathogen because of nutritional and 

hormonal effects. How the host factors responsible for pathogenesis is not elucidated till now. In the 

present study, we could observe that the host factors play an important role in the total amount of protein 

in a time-kinetic manner among, the different monopodial strains of Tilletia indica. We also observed 

that host factors treated strain showed more biomass production apart from an increase in the radial 

diameter of monopodial culture. This new observation will open up new horizons to know more about 

the pathogenesis that leads to the quarantine of Karnal bunt disease. Moreover, it will also provide 

morphological markers specific to the strain of Tilletia indica this could be useful for investigating the 

levels of pathogenesis apart from protein biochemistry and finally management of Karnal bunt disease. 

 

Keywords: Biomass, radial diameter, Host factors, protein amount and Tilletia indica 

 

1. Introduction 

Among the cereal crops wheat is one of the most momentous cereals not only in India but also 

in the world (Singh et al 2018) [52]. The total production of wheat in India was about 112.74 

million tons in 2022-23 (https://www.cnbctv18.com/economy/indias-wheat-output-set-to-

touch-a-new-record-at-11274-million-tonnes-in-2022-23-agriculture-ministry-16766831.htm). 

To fill the required demand of the tremendous growing population, it needs to produce more 

than 112.74 million tons of wheat in future. Therefore it required good agronomical 

management practices to achieve the pecunious task of wheat production. Here one important 

practice is the management of the disease which is directly related to yield loss mostly caused 

by the fungus Tillitia indica and the name of the disease is Karnal bunt (Kumar et al 2019) [30]. 

Pathogen infection showed that tissue specificity and the boot emergence stages (S2) were 

more susceptible than the other two stages boot stage (S1) and seed forming stage (S3) (Bains, 

1994) [5]. The infected grain later produces the teliospore which emits a bad odor due to 

trimethylamine (Sekhon et al., 1980; Singh and Bedi, 1985) [48, 57]. The disease was first time 

observed by Mitra in 1931 [33] on wheat caused by the fungus Tillitia indica (Mitra 1931[33] and 

1935) in Haryana apart from, Punjab, Rajasthan, H.P, J. and K, U.P, Uttrakhand practices, and 

West Bengal as well as the Mexican state of Sonora Pakistan, Iraq, Afghanistan, and Nepal in 

the worlds.  

Severely infected kernels showed a reduction in seed germination, the palatability of food, and 

toxicological aspects because of mycotoxins (Bhat et al., 1980) [10]. Yield loss studies suggest 

a low impact of the disease on production not only in India but also abroad like Mexico. It is 

found that different variability has been observed in the seed grains infect ability (Mitra, 1931; 

Mundukur 1943, Gill et al., 1931) [33, 35]. Not all the ears in a stool carry the disease and even 

in the same ear; only a few grains are smutted (Bedi et al., 1949; Pal, 1966; Joshi et al., 1980) 
[9, 26, 46].
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Due to the irregular distribution of infected grains in the ear, it 

has been presumed that the result of air-born local infection 

takes place. As the grains reach maturity, the outer glumes 

spread out slightly, and the inner glumes of the spikes expand. 

The spore mass remains covered by the pericarp for some 

time but later rupture exposing the black powder to the 

atmosphere. The presence of foul smell due to trim 

ethylamine secreted by teliospores is a very prominent and 

peculiar feature in this disease and therefore the disease had 

been mentioned by some early workers as stinking smut. 

Fungus spores are both soil or seed-borne and can survive for 

years (Bedi et al., 1949; Aujla et al., 1977; Khetrapal, 1980; 

Joshi et al., 1980) [9, 1, 27, 26]. The fungus can be survived 

with germinating teliospores, primary sporidia, or secondary 

sporidia under laboratory conditions. In old culture (in potato 

dextrose agar), filiform / thread-like structures similar to 

primary sporidia have been observed, (Krishna and Singh, 

1983) [29]. It has been shown that variability in sporidia can be 

because of influenced by the types of culture conditions. 

Depending upon the cultural conditions, an allantoid type of 

sporidia can produce a filiform type or vice versa also true 

(Dhaliwal and Sigh, 1988) [16]. Singh and Singh (1986) [54] 

found that czapeck’s agar amended with wheat germ/wheat 

embryo/wheat seedling, supported growth of the fungus. 

While wheat grain dextrose agar supported maximum 

sporulation and least vegetative growth. However, wheat 

grain dextrose agar + 0.2% yeast extract supported both 

moderate growth and sporulation. (Singh and Singh, 1986) 

[54]. Singh and Singh (1992) [53] reported that glucose yeast 

extracts agar supported maximum growth while autoclaved 

wheat grains supported maximum sporulation. The growth 

and sporulation occur at 10-400 C with optimum at 200 C and 

at pH level 6.0. Maximum sporadic production was recorded 

in continuous fluorescent light (1000 lux). Proper aeration and 

a light amount are required for sporidia production (Singh and 

Singh, 1989; Singh et al., 1990) [59, 55]. 

The promycelium is occasionally branched and sporadical 

whorl normally develops from the tip of only one branch but 

rarely arises from more than one point. Primary sporidia arise 

as small finger-like projections from the tip of promycelium 

which increase in size and finally acquire filiform shape. 

Mitotic division of the daughter nuclei has also been reported 

in the promycelium. Each primary sporidium receives one 

nucleus which undergoes a further mitotic division (Fuentus, 

1989; Holton, 1951) [55]. The primary sporidia or macro 

(filiform) conidia are splashed, dispersed, and in turn, produce 

a large quantity of secondary or micro allantoid spores. The 

secondary sporidia are released forcibly and are produced in 

numerous quantities when the leaf wetness tends to dry. These 

spores are the only forms that infect the wheat ear head 

(Dhaliwal and Sigh, 1988; 1989) [16, 55]. In T. indica 

heterothallism demands fusion between secondary sporidia 

that are compatible. The rapid vegetative multiplication of the 

allantoid spores and the heavy sporulation increases the 

probability of successful fusion of possible opposite mating 

types (Nagarajan et al., 1977) [40]. 

The Mycelial of the fungus is an important vegetative part of 

its survivability because it plays a significant role in the 

perpetuation of the life cycle. During its life cycle mycelia has 

to manifest different appearances in the form of homokaryon 

and dikaryon and represented in haploid and diploid 

conditions respectively. It has been shown that teliospore is a 

diploid status however promycelium is a haploid phase that is 

produced from teliospore. Monokaryon try to fuse with 

different compatible monokaryon depending upon other 

factors and the genes are responsible for this coupling process 

known to be multiallelic in nature. Therefore its molecular 

regulation bit complex the understanding the whole process of 

fusion which finally leads to the whole phenotype of the 

fungus.  

Here we have shown that the factors on monosporidial culture 

of Tilletia indica lead to more biomass production and 

increase the radials and diameter apart a high amount of 

protein accumulation in a time-dependent manner. Our data 

showed that host factors induce the pathogenesis in wheat in 

response to more amount of biomass production of Tilletia 

indica. 

 

2. Materials and methods  

The important materials required here with the methodologies 

as mention below:  

 

2.1 Collection of wheat varieties  

Here the Karnal bunt susceptible Wheat variety seeds WH-

542 were collected from Punjab Agricultural University, 

Ludhiana (Punjab), and the same were grown in G. B. Pant 

University, Pantnagar, and spikes of S-2 stage samples were 

collected. 

 

2.2 Collection of fungal strains 

 For our study, we used KBPN6, KB3, and JK (JK msb) strain 

of Karnal bunt which was collected from G.B. Pant Uni. of 

Agriculture and Technology, Pantnagar and from IARI New 

Delhi respectively. 

 

2.3 Preparation of media 

Fungus was cultured by using potato dextrose media in 

appropriate environmental conditions. Here both modified 

PDA (Potato Dextrose Agar) solid and modified PDB (Potato 

Dextrose Broth) liquid were used for the culture of the 

fungus. In the case of liquid media, the above mention media 

were dissolved with the appropriate amount of distilled water. 

After proper dissolving the media same was transferred to a 

different conical flask containing about 50 ml of media. For 

solid media, PDA was used and preparation was done as 

above mention with the incorporation of solidifying agent 

(2% agar). After the adjusting appropriate volume both the 

solid and liquid broth same were autoclaved. The same solid 

media was used to prepare culture plates as well as slants. The 

different content of the media such as PDB Broth (24 g), 

Glycerine (10 g), KH2PO4 (0.1 g), Mg SO4 (0.5 g), NaCl (50 

mg), and Yeast Extract (5.0 g) was used to get the optimal 

result and observation. Prepared modified PDA media 

sterilized by autoclaving. Cool the media at <45˚c, added 

streptomycin 50 ug/ml to prevent bacterial growth. 

(Streptomycin Preparation: Dissolve 0.1g of streptomycin in 1 

ml of sterilized distilled water and filter sterilized it and store 

at 4˚c). 

 

2.4 Development of monosporidial culture of Tillitia indica 

The monosporidial strain was developed at Pantnagar 

University by the continued culture from the base isolates of 

all three stains of tilitia indica such as (KB3, JK, and KBPN). 

Sporidia were collected by the decanding method from 

isolates (KB3, JK, and KBPN) which have been cultured on 

modified PDA medium separately at 7 days and 14 days of 
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intervals after the full growth of the strain on the same media. 

After the proper observation of solitary-grown sporidia with 

the help of a microscope, again all three strains were cultured 

individually for further studies in the form of monoculture.  

 

2.5 Harvesting of the Mycelium 

The potato dextrose broth was prepared and aliquots about the 

10.0 ml broth in each conical and same were autoclaved with 

proper care. After that autoclaved flasks were inoculated from 

the mother culture with mycelia disk and the same were 

grown inside the Biological Oxygen Demand (BOD) 

incubator at 22+2 0C desired temperature under 

the diurnal light and dark phases. Then these flasks containing 

the broth were used for various purposes such as protein 

isolation at respective time intervals. Similarly in the same 

environmental conditions of BOD but in humidified state petri 

plates grown containing modified PDA were inoculated with 

fungal discs taken from fungal colonized plates. After the 

proper growth and development of fungus mycelial in lab 

conditions, it was properly harvested in 7 days and 14 days 

time intervals both in the presence of host factors and in the 

absence of host factors. To get a good amount of the mycelia 

mat fungus was filtered with muslin cloth and collected in a 

separate clean flask. Thereupon collected mycelia were 

washed several times first in 0.05 molar PBS maintaining a 

pH of 7.2 and then similarly same were washed with 

autoclaved deionized water several times. Then it was 

collected again in a separate clean flask as a wet-weight 

mycelium and the same was lyophilized for 5 hours to reduce 

the moisture for proper long-time storage. Finally, it was 

stored in a different chamber of freeze depending upon the 

use of mycelia for the lab analysis.  

 

2.6 Development of the Acetone collects from susceptible 

host 

First of all susceptible host of wheat variety was collected 

from the field at the booting stage of spike and after that same 

was washed with tap water about the 50 g of the plant sample 

grind in fine powder with the help of liquid nitrogen and 

pestle and mortar. After that same sample dissolved in chilled 

acetone in the range of one-tenth. From the day forward chill 

was filtered after the five hours of treatment with shaking and 

after proper packing, the collection was stored in frize for 

further use. The collected solution was consequently dried 

with the help of an evaporator. After that same material was 

dissolved in 1/10th volume of autoclaved distilled water 

aseptically inside the laminar airflow and it was filtered with 

the help of filter paper to maintain the conta-free acetone 

collection. Consequently the same was used in preparation of 

the culture mediums.  

 

2.7 Treatment of homogenized strain using host factors 

Here the different monosporidial culture of all three stains 

was separately added in the culture flask containing the wheat 

acetone collect as it is mentioned just above in para 2.3 

including the media broth of modified PDA in the ratio of 1: 

10 as acetone collect and media broth respectively. 

Consequently, the same was collected after proper growth of 

the mycelial after the completion of 14 days.  

 

2.8 Preparation of fungal extracts 

After the treatment of monospridial culture with acetone 

collect fungal mycelial was harvested separately in a flask of 

all three strains such as KB3, JK, and KBPN after the 7 days, 

14 days, 21 days and 30 days of treatment.  

 

2.9 Preparation of the protein extraction buffer 

The protein extraction buffer has been prepared with the help 

of the following used chemicals for a total volume of 100 ml 

and the pH was adjusted to about the 7.5 with help of 

hydrochloric acid Tris base (0.06 g), Ethylene diamine Tetra 

Acetic acid in sodium (1.861 g), ethylene glycol-bis (β-

aminoethyl ether)-N, N, N′, N′-tetraacetic acid (0.38 g), 

TritonX-100; 0.5%, β Mercaptoetanol (0.3 g), phenylmethyl 

sulfonyl fluoride (34.8 g), Ascorbic acid (0.39 g), 

Polyvinylpyrrolidone (0.4 g), and distilled water were used as 

a makeup volume 100 ml and same was kept inside the 

freezer. 

 

2.10 Isolation of fungal protein 

After the harvesting of the fungal mycelial about 2 g of the 

same fungal mycelial was crushed in fine powder with the 

help of liquid nitrogen and petite and mortar after that about 2 

ml of protein extraction buffer was added to each sample. 

Lysate was centrifuged at 12000 rpm at 4 °C for 30 minutes. 

Supernatant were collected and consequently, aliquots were 

made and stored at -20 °C for further use.  

 

3. Result and discussion  

3.1 Media components play important roles in the 

morphological variation of Tilletia indica  

For our study, we have selected three base strains such as 

KB3, JK msb, and KBPN6 to understand more about the 

disease of Karnal bunt. We observed the monosporidial 

cultures of all three strains showed considerable variation 

among each other. It is known that in general, phenotypic 

characters are well modulated by environmental factors. 

However, the phenotypic features detected in terms of time 

kinetic studies are in good accordance with these molecular 

characterization features. Here we tried to understand more 

about how the morphological variation could be influenced by 

monosporidial strains of T. indica. The fungus could grow in 

a variety of synthetic and semi-synthetic culture media. 

However, Glucose Yeast Extract Agar (GYEA) supported the 

maximum colony growth. The fungus produced abundant 

secondary sporidia on autoclaved wheat and rice grains. 

GYEA supported the profuse sporulation of most of the 

isolates; while some of them sporulate best on Potato 

Dextrose Agar (Singh and Singh, 1989) [55]. This result clearly 

suggested that these strains are nutrients specific apart from 

some common requirements. Wheat grains dextrose agar was 

one of the important factors for the sporulation of the fungus 

(Singh and Singh, 1986) [54]. Liquid cultures have been also 

employed for the same work. The advantage of liquid culture 

over solid is that they produce sporidia more rapidly for 

inoculation (Singh and Singh, 1986) [54]. It was found that 

Potato Dextrose Broth (PDB) and PDB supplemented with 

sucrose or sucrose plus dextrose, consistently produced 

abundant sporidia (Warham and Cashion 1984) [61]. Sporidia 

produced in liquid cultures are considered as secondary 

sporidia since they resulted from primary sporidia produced 

on the promycelium of the germinating teliospores. These 

secondary sporidia are similar to the primary sporidia 

morphologically (i.e. they are filiform); they are referred to as 

filiform secondary sporidia to distinguish them from allantoid 

secondary sporidia produced on solid media (Singh and 
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Singh, 1986) [54].  

With kind regards 

 

 
 

Fig 1: Obtained culture homogeneity of different strains of 

Tilletia indica 

 

Here in the figure: 3.1 showed that the monosporidial culture 

of base isolate of KB3, JK msb and KBPN6 different 

morphological variation. Among the three strsin KB3 strain 

showed fast radial growth with respect to other two 

monosporidial culture of T. indica. The colour of KB3; 

mycelia were creamy white and showed floppy type of texture 

of mycelia. Monosporidial strain of JKmsb possesses 

moderate radial growth as compare to base isolate of KB3 due 

to its slow growth rate as well as also compared to 

monosporidial culture of KBPN6.The texture of mycelia were 

smooth and cremy white in colour. Similarly in KBPN6 strain 

showed dense growth and creamy white colony colour of 

monosporidial culture. However the radial growth was very 

fast as compared to base isolate of KB3 and monosporidial 

culture of JK msb. Therefore from this observation it is 

clearly suggested that morphological variations could be 

because of inherent characteristic of individual base isolates.  

 

3.2 Host factors induce the larger radial diameter and 

biomass production on monosporidial culture of Tilletia 

indica. 

To understand more about the how the of host factors play 

crucial role in radial growth development different strains of 

the fungus were culture on solid media including the host 

factor and without the use of host factors. Ii has been 

observed that the radial diameter were more in host factors 

treated strain of monosporadia culture (table 3.1) as compared 

to without host factors treatment irrespective of the three 

strain such as KB3, JK msb and KBPN6) of T. indica. 

Similarly all three monosporidal cultures of fungal strains 

were cultured on liquid culture media with and without the 

use of host factors (WH 542, S2S). Myceliums of fungus from 

the liquid cultures were harvested after the 14 days of the 

treatment and mycial biomass were measured. In below table 

3.1 and the figure 3.2 clealy showed the total biomass 

production were more in host factors treated funal strain and 

highly fluctuated in all three strains of monosporiadal culture 

of Tillitia indica. Here total biomass production, as well as 

radial diameter, was more in host factors treated base isolates 

as compared to non-treated host factors independent of 

different base isolates. 

 

Table 1: Effect of host factors on growth of fungal cultures. 
 

Strains/ 

Isolates 

Mycelial Biomass (gram % age on wet basis at 14 days) Radial Diameter (mm) (at 14 days) 

With the treatment of host 

factors 

Without treatment of host 

factors 

Without treatment of host 

factors 

With the treatment of host 

factors 

KB 3 6.59 7.79 22.0 34.0 

JKmsb 6.62 8.99 22.0 33.0 

KBPN 6 7.72 8.62 25.0 38.0 

 

 
 

Fig 2: The amount of biomass production were more in hosts factors traded homogenize culture of different strain of Tilletia indica 

 

 
 

Fig 3: The radial diameter was more with the presence of hosts factors in a different strain of Tilletia indica 
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This observation has been made as a general conclusion to T. 

indica because of the involvement of host factors which 

finally leads to growth promotion in mycelium. The same 

result has been correlated with the acetone extracts prepared 

from the S2 stage of inflorescence and found to be growth 

promotory and induced mycelination T. indica (Rana et al. 

(2001) [45]. The growth promotory activity may be attributed 

to the fact that the wheat plant at anthesis possesses a rich 

source of nutrients or hormones that might help the 

synchronization of its growth and parasitic development of 

fungus. Here, our result is correlated to other fungi like the 

Ustilago violacea which has been grown in controlled 

environmental conditions and was reported by Day et al. 1981 

interestingly the parasitic behavior was specific to the host 

plants only. Surprisingly here the Host factors also stimulated 

the increase the mycelial formation besides the improvement 

and expansion of conjugation peg as compared to without the 

host factor in the same host U. violacea in the mating phase.  

 

3.3 Time kinetics studies on the alteration of total amount 

mycelial protein of Tilletia. indica treated with host factors  

To determine the impact of host factors on protein amount the 

fungal strains were cultured on liquid media with and without 

the host factors isolated from the susceptible host WH542, 

S2S). Fungal mycelia from liquid cultures were harvested and 

total proteins were isolated according to the specified protocol 

as mentioned in the materials and methods. After the analysis 

of our data as for concerns to mycelia protein, we could 

observe more protein with the treatment of the host factors as 

compared to without the host factors irrespective of the strain 

of fungus as mentioned in table 4.2. The low protein contents 

on the 7th day were observed in all three strains of T. indica 

(0.70mg/g, 1.2 mg/g, and 2.4 mg/g wet mycelia) without the 

host factors as compared to treatment of the host factors (1.3 

mg/g, 2.7 mg/g and 3.2 mg/g). However KBPN6 strains here 

exhibited quite high protein content (3.2 mg/g) with the host 

factors in comparison without the host factors at 7 days (2.4 

mg/g) respectively and showed an increase of about 85%. 

However, in Jkmsb the protein content increased 125% in the 

presence of host factors, but KBPN6 showed only a 33.3% 

increments. It is also correlating fact that host factors induce 

higher temporal protein expression in Tilletia indica (Kumar 

et al 2019) [30] and also factors induce higher 

immunomodulatory protein in Tilletia indica (Kumar et al 

2019) [30].  

 
Table 2: Protein content of fugal mycelia of all three strains grown with and without host factors at the wet basis in a time kinetics manner 

 

Fungal strain and Treatments 

Total soluble protein content in mycelia (mg/g of mycelia wet basis) 

7 Days 14 Days 

Replicates Replicates 

R1 R2 R3 Mean ± SE % increase R1 R2 R3 Mean± SE % increase 

KB 3 (N.T.) 0.6 0.7 0.8 0.7±0.4 
86 

1.6 1.7 1.6 1.6±0.2  

25.0 KB 3 (T.) 1.2 1.3 1.4 1.3±0.4 2.0 2.1 2.0 2.0±0.2 

JKmsb (N.T.) 1.2 1.3 1.2 1.2±0.2 
125 

1.8 2.1 2.1 2.0±0.8 
45.0 

JKmsb (T.) 2.6 2.9 2.7 2.7±0.9 2.7 3.1 2.8 2.9±0.2 

KBPN6 (N.T.) 2.2 2.5 2.5 2.4±0.4 
33.3 

2.7 2.6 2.9 2.8±0.4 
17.8 

KBPN6 (T.) 3.2 3.1 3.2 3.2±0.9 2.7 2.8 2.6 2.7±0.4 

Fungal strain and treatments 

21 Days 30 Days 

Replicates Replicates 

R1 R2 R3 Mean ± SE % increase R1 R2 R3 Mean ± SE %increase 

KB 3 (N.T.) 2.1 2.0 2.2 2.1±0.8 
0.0 

2.3 2.1 2.0 2.1±0.9 
19.9 

KB 3 (T.) 2.1 2.2 2.1 2.1±0.4 2.4 2.2 2.3 2.3±0.4 

JKmsb (N.T.) 2.1 2.5 2.4 2.3±0.8 
15 

2.1 2.5 2.4 2.3±0.4 
30.4 

JKmsb (T.) 3.2 3.4 3.0 2.3±1.2 3.1 3.2 2.9 3.0±0.4 

KBPN 6(N.T.) 2.9 2.2 2.0 2.0±0.4 
34.0 

2.4 2.5 2.6 2.3±0.6 
31.6 

KBPN 6 (T.) 2.4 2.1 2.2 3.1±0.2 2.7 2.6 3.4 2.9±0.4 

 

The fast-growing strains indicated low protein content at 30th 

days compared to the 21st days but slow-growing strains at 

30th days indicated constitutively higher protein contents 

compared to the 21st days. The prominent protein variations 

are indicated in all three strains.  

 

4. Conclusion with future prospective  

Here we conclude that several of the pathogenicity of the 

fungus Tillia indica in the susceptible variety of wheat could 

be possible because of so many reasons, among them Host 

factor(s) could be one of the crucial factors for the incidence 

of the diseases. Although a clear mechanism of the disease 

severity is not clear how the presence of Host factors 

influences the growth of the mycelium fungus pathogen under 

the lab conditions. Moreover, the real molecular mechanism 

of the incidence of the disease because of the fungus is not 

clear, although many mitogens activated protein is known for 

the activation of diseases in the plant system. Furthermore, 

the nature of the plausible factors also needs to be understood 

more with respect to disease incidence in the sucetable host. 

However, from our present observations, we could understand 

that more mycelia protein is there in the presence of Host 

factors in the fungus pathogen of T. indica. Hence it is very 

obvious here at least one can know more about the high 

hostility of the fungus pathogen on the susceptible host of 

wheat variety in the presence of the host factors which 

finally leads to the progress of the disease in the infected 

wheat grains. These observations further confirm the 

hypothesis that the host factor(s) exerts growth factors like 

effect on plant pathogenic fungi, T. indica. However, the 

integrative approach is still more valid to understand more 

about host factors for pathogenesis and the nature of host 

factors at the molecular level apart from biochemical and 

physiological aspects. 
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