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Abstract:  Ragi (Eluesina coracana(L)Gaertn) is the most important small millet in the tropics and is 

cultivated in more than 25 countries in Africa and South Asia predominantly as a staple food grain. 

Temperature is one of the most important factors which affect plant growth and its productivity. High 

temperature stress affects a number of physiological and biochemical processes in plants. According to TIR 

technique, the seedlings are exposed to optimum induction temperature before being exposed to a severe 

challenging temperature and subsequently allowed to recovery at room temperature. One resistant genotype 

(Indaf-8) and one susceptible genotype (CO-7) were selected for the estimation of total protein content and 

SDS-PAGE analysis. For both selected genotypes, the protein content values of induced seedlings were very 

high and the values of non-induced seedlings were very low compared to control seedlings.  In resistant 

genotype varied protein banding was observed in the three treatments i.e. control, induced and non-induced. 

In the induction treatment the total number of bands and the intensity of banding had increased compared to 

control and non-induction treatments.  These new protein bands may be the HSP’s or the enzymes of the anti-

oxidant systems which play very important role in providing tolerance against oxidative burst. The induced 

seedlings had acquired thermotolerance during gradual increasing temperatures and had shown high % 

survival though they experienced lethal temperature in TIR technique. Hence this method is unique for 

screening of thermotolerance.          

Key words: Temperature induction response, acquired thermotolerance, SDS-PAGE, heat shock proteins, 
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I. INTRODUCTION  

Ragi (Eluesina coracana(L)Gaertn) is the most important small millet in the tropics and is cultivated in more 

than 25 countries in Africa and South Asia predominantly as a staple food grain (Sub sectoral Analysis). For 

present population Ragi is the major food as it is considered as the power house of health benefits. The 

production of Ragi is coming down slowly due to the climatic factors like temperature and drought. 

Temperature is one of the most important factors which affect plant growth and its productivity. High 

temperature causes irreversible damage to plant functions and developments like inhibition of plant growth, 

alternation of photosynthesis, phenology, dry matter partitioning, yield reduction of crop quality and also 

alters the oxidative stress also. 

Breeding of selected genotypes with increased heat tolerance is therefore one of the most vital objectives in 

crop improvement Programme. Based on preliminary studies, an efficient screening technique referred to as 

the Temperature Induction Response (TIR) technique has been developed to identify thermotolerant lines by 

Senthil Kumar et al., (2003). To assess acquired thermotolerance of induced seedlings by studying the total 

protein content quantitatively and qualitatively (SDS-PAGE) is another objective of the present study.  

Plants adopt to high temperature stress by inherent basal level tolerance as well as acquired tolerance to severe 

temperature stress. Acquired thermotolerance is quite rapid and has been shown to be induced during cell 
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acclimation to moderately high temperature periods (Hikosaka et al.,2006; Larkindale et al., 2005; Massie et  

al.,2003) Many earlier studies have demonstrated that genetic variability for high temperature tolerance is 

noticed only upon induction treatment prior to severe stress (Burke,2001; Srikanthbabu et al.,2002) This TIR 

technique has been used to screen thermotolerant varieties of Ragi (Sujatha et al.,2018, Venkateshbabu 2013), 

Black gram (Sujatha et al., 2018), Rice (Vijayalakshmi et al 2015; SapnaHarihar et al.,2014; Renukadevi et 

al.,2013; Sudhakar et al.,2012), Cotton (Kheir et al 2012), Groundnut ( Kumar et al.,2006), Sunflower (Senthil 

Kumar et al.,2003), Pea (Srikanthbabu et al.,2002). Protein synthesis is maintained significantly higher in 

acclimated seedlings compared to non-acclimated seedlings on being exposed to severe temperature stress 

(Kumar et al.,1999). Enzyme functions also sensitive to changes in temperature. Heat induced alteration in 

enzyme activity can lead to imbalance in metabolic pathways or heat cause complete enzyme inactivation due 

to protein denaturation (Vierling 1991). The best characterized aspect of acquired thermotolerance is 

production of heat shock proteins (HSP’s) (Vierling 1991 and Burke 2001). 

II. METHODS AND MATERIALS 

Following standardized lethal (non-induction) and sub lethal (induction) temperatures the thermotolerance of 

24 Ragi genotypes has been tested using Temperature Induction Response (TIR) technique. (Based on our 

previous study Sujatha et al.,2018) 

                                                     Control 

 

 

 

 

         

                                   Non-induced                        

Figure .1 Standardized Temperature Induction Response (TIR) Protocol for Ragi 

The 5-day old Ragi seedlings were exposed to gradual increase in temperature range of 32-480C for 5hrs and 

later subjected to the lethal temperature of 540C for 2 hrs. These treated seedlings were allowed to recover at 

300C and 60% relative humidity for 2 days. (Figure.1) After recovery a) percent survival, b) Percent reduction 

of root growth and c) percent reduction of shoot growth was calculated. After TIR treatment one resistant 

genotype (Indaf-8) and one susceptible genotype (CO-7) were selected for further experiments namely the 

total protein content, SDS-PAGE analysis.                             

Protein from the plant tissue of different treatments (as per TIR protocol) control, induced, non-induced of 

selected genotypes were extracted by the method Grimplet J., et al., (2009) and estimated by the method of 

Lowry et al., (1951). SDS-PAGE was developed for protein profiling by adopting the method of Laemmli 

U.K. (1970) with minor modifications. 

III. RESULT AND DISCUSSION 

Total protein content            

In the seedlings of control treatments for both selected genotypes the protein content had increased gradually 

from 0 to 3 days of treatments. Whereas the total protein content initially decreased in the seedlings of induced 

treatment for both selected genotypes, later increased from 0 to 3 days of treatments. The total protein content 

again gradually increased in the seedlings of non-induced treatment for both selected genotypes days from 0 

to 3 days of treatments. 
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Figure.2 Total protein content of resistant genotype. 

 For the resistant genotype (Indaf-8) in the ‘Day 0’ immediately after TIR treatment (Figere.2) the protein 

content of the induced seedlings showed 91.06% positive growth over control seedlings and the non-induced 

seedlings showed 48.11% negative growth over control seedlings. In the ‘Day 1’ immediately after treatment 

the protein content of the induced seedlings showed 39.49% positive growth over control seedlings and the 

non-induced seedlings showed 55.46% negative growth over control seedlings. In the ‘Day 2’ immediately 

after treatment the protein content of the induced seedlings showed 06.47% positive growth over control 

seedlings and the non-induced seedlings showed 52.5% negative growth over control seedlings. In the ‘Day 

3’ immediately after temperature induction treatment the protein content of the induced seedlings showed 

07.37% positive growth over control seedlings and the non-induced seedlings showed 48.6% negative growth 

over control seedlings.     

 

Figure .3 Total protein content of resistant genotype. 

For the susceptible genotype (CO-7) in the ‘Day 0’ immediately after TIR treatment (Figure.3) the protein 

content of the induced seedlings showed 95.17% positive growth over control seedlings and the non-induced 

seedlings showed 55.76% negative growth over control seedlings. In the ‘Day 1’ immediately after 

temperature induction treatment the protein content of the induced seedlings showed 40.7% positive growth 

over control seedlings and the non-induced seedlings showed 55.79% negative growth over control seedlings. 

In the ‘Day 2’ immediately after treatment the protein content of the induced seedlings showed 27% positive 

growth over control seedlings and the non-induced seedlings showed 61.12% negative growth over control 

http://www.jetir.org/


© 2019 JETIR  March 2019, Volume 6, Issue 3                                        www.jetir.org  (ISSN-2349-5162) 

 

JETIR1903B43 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 282 

 

seedlings. In the ‘Day 3’ immediately after treatment the protein content of the induced seedlings 

showed13.37% positive growth over control seedlings and the non-induced seedlings showed 25.3 % negative 

growth over control seedlings. 

For both selected genotypes, the protein content values of induced seedlings were very high and the values of 

non-induced seedlings were very low compared to control seedlings (Figure2 and 3). In the TIR treatment, 

the total protein content of induced seedlings of resistant genotype had shown drastic increase with positive 

growth compared to control seedlings in the Day 0. This increase was statistically significant at P value 0.05. 

This increase may be due to elevation of Heat Shock Proteins (HSP’s) or Anti-Oxidant enzymes with response 

to high temperature stress. Plant adopt several strategies to optimize thermo tolerance. One of the most widely 

studied aspect is the enhancement of HSP’s Srikanthbabu et al., (2002). Gradual increase in induction 

temperature would also lead to synthesis of higher level of anti-oxidant enzymes Bhoominathan et al., (2016). 

Upon exposure to acclimation temperature stress many of HSP’s and other stress response genes are up 

regulated Senthil Kumar et al., (2003); Srikanthbabu et al., (2002). Significant increase in soluble protein 

upon induction treatment could possibly due to the synthesis of heat shock proteins Xu et al., (2006) in turf 

grass and Wahid and Close (2007) in sugar cane. Plant exposed to heat stress respond to a characteristic set 

of conserved cellular and metabolic processes. Higher values of soluble protein in acclimated settings than 

non- acclimated settings indicated the stability of induced seedlings under stress conditions Gomathi et al., 

2014.The heat stress causes a decrease in normal protein synthesis accompanied by an accelerated synthesis 

of new proteins known as heat shock proteins. Mohmed et al., (2013). The induced seedlings had acquired 

thermotolerance during gradual increasing temperatures and had shown high % survival though they 

experienced lethal temperature in TIR technique. 

SDS-PAGE 

The selected two genotypes i.e. resistant (Indaf-8) and susceptible (CO-7) were further studied by SDS 

PAGE(Figure.4). In Lane-1 control of resistant genotype (CR), in Lane -2 induced of resistant genotype (IR) 

and in Lane-3 non-induced of resistant genotype (NIR) were taken. In Lane-4 control of susceptible genotype 

(CS), in Lane-5 induced of susceptible genotype (IS) and in Lane-6 non-induced of susceptible genotype 

(NIS) were taken.  
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Figure.4 Protein proliferation of selected genotypes on SDS-PAGE. 
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Lane 1: Resistant genotype (VR - 900) Control, Lane 2: Resistant genotype (VR - 900) Induced, Lane 3: 

Resistant genotype (VR-900) non-induced, Lane 4: Susceptible genotype (VR -1138) Control, Lane 5: 

Susceptible genotype (VR-1138) Induced, Lane 6: Susceptible genotype (VR-1138) non-induced. Lane-M: 

Protein marker.  

 At molecular weight of 10Kda CR had a prominent protein band, at the same place IR had very light protein 

band and there was no band in NIR. Between molecular weight of 21-30Kda CR had a normal protein band, 

at the same place IR had more prominent protein band and NIR had very light protein band. At molecular 

weight of 30Kda a protein band is observed in IR and there was no band in CR and NIR. Between molecular 

weight of 30-45Kda a prominent protein band was observed in IR, at the same place NIR had very light protein 

band and there was no band in CR. At molecular weight of 45Kda CR had a protein band, at the same place 

there was no band in IR and NIR. Between molecular weight of 45-65Kda CR, IR and NIR had protein band 

but was prominent only in NIR and was light in CR and IR. At molecular weight of 65Kda also CR, IR and 

NIR had protein band but was prominent only in CR and IR and was light in NIR. Between molecular weight 

of 65-97Kda IR had a prominent protein band, at the same place CR and NIR had light protein band. At 

molecular weight of 97Kda CR and IR had a protein band, at the same place NIR had no band. At molecular 

weight of 120Kda CR had protein band, at the same place IR and NIR had no band.  

At molecular weight of 10Kda, between molecular weight of 10-21Kda and 65Kda CS and IS had a protein 

band, at the same place NIS had no band. At molecular weight of 30Kda IS had a protein band, at the same 

place CS and NIS had no band. Between molecular weight of 45 -65 andat120Kda NIR had a protein band, 

at the same place CS and IS had no band. Between molecular weight of 65-97Kda IS and NIS had a prominent 

protein band, at the same place CS had no band. 

Three sets of modifications were observed in the protein patterns of SDS-PAGE (figure.4) 

1)The resistant genotype had shown thick and significant protein bands compared to the susceptible genotype. 

2)In resistant genotype varied protein banding was observed in the three treatments i.e. control, induced and 

non-induced. In the induction treatment the total number of bands and the intensity of banding had increased 

compared to control and non-induction treatments. Some protein bands selectively increased in the induction 

treatment both in resistant and susceptible genotypes. 

3)where as in non-induced treatment some bands had disappeared and the remaining bands were with less 

intensity compared to control and induction treatments 

These results were in accordance with Kumar et al., (2011) who found that there was gradual increase in the 

number of new protein bands in Wheat cultivars with the increase in heat shock temperature. Similar 

expression of Hsp’s upon heat stress was reported Sanjam et al., (2010). One of the most widely studied aspect 

of thermotolerance is the enhanced expression of heat shock proteins (Hsp’s). Synthesis and Localization of 

a few Hsp’s  have been shown to trigger several physiological and biochemical  processes Cushman and 

Bohnert (2000).These new protein bands may be the HSP’s or the enzymes of the anti-oxidant systems which 

play very important role in providing tolerance against oxidative burst which is conformity with the 

observations made by Yamaguchi et al., (1995) Kumar et al., (2011)who observed that the expression of many 

new protein bands in case of resistant compared to susceptible one in Wheat cultivars under heat stress 

treatment which was also observed by Amako et al.,(1994) 

Plants have developed many strategies to tolerate stress that include expression of some novel proteins Wang 

et al., (2003). There is convincing evidence to show that the stress-responsive proteins and genes are 

predominantly expressed during the sub-lethal induction stress that would bring the required changes in the 

plant metabolism necessary for withstanding the subsequent severe stress Lindquist and Craig (1988). 
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IV. CONCLUSION 

Plants alter their cellular and physiologies in an attempt to counter the imbalance created by high temperature 

stress is referred as thermotolerance, which can be acquired by gradual increase in temperature. This acquired 

thermotolerance can be assessed by analysing the total protein content quantitatively and qualitatively (SDS-

PAGE). Using this TIR technique it is easy to identify thermotolerant lines from a large range of population 

at the seedling level itself. Hence this method is unique for screening of thermotolerance. 

 

V. ACKNOWLEDGMENT  

We are very much thankful to Dr.T.S.S.K. Patro, Sr. Scientist and Head of ARS, Vizianagaram, Andhra 

Pradesh for providing research material. 

 

VI. REFERENCES    

[1] Ajay Kumar, Pritee Sharma, Sunil Kumar Ambrammal.,.2014. Climatic Effects on Food Grain 

Productivity in India-A Crop Wise Analysis. Journal of Studies in Dynamics and Change,1(1):38-48. 

[2] Amako, K., Chen, G. X. and Asada, K., 1994. Separate assays specific for ascorbate peroxidase and 

guaiacol peroxidase for the chloroplastic and cytosolic isozymes of ascorbate peroxidase in plants. Plant Cell 

Physiol, 35: 497–504. 

[3] Burke, J.J., 2001.Identification of genetic diversity and mutations in higher plant acquired 

thermotolerance. Physiologia Plantarum, 112(2): 167-170.  

[4] Cushman, J. C. and Bohnert, H. J.,2000. Genomic approaches to plant stress tolerance. Current Opinion 

in Plant Biol.,3:117-124. 

[5] Ehab Abou Kheir, Sheshshayee, M.S., Prasad, T.G., and Udaya Kumar, M., 2012. Temperature Induction 

Response as a screening technique for selecting high temperature-tolerant Cotton lines. The Journal of Cotton 

Sciences,16:190-199.  

[6] Gangappa, E., Ravi, K.  and Veera Kumar, N., 2006. Evaluation of Groundnut (Arachis hypogea L.) 

genotypes for temperature tolerance based on Temperature Induction Response (TIR) technique. Indian 

Journal of Genetics, 66(2):127-130.           

[7] Gomathi, R., Siyamala, S., Vasantha, S. and Suganya, A., 2014. Optimization of temperature conditions 

for screening thermotolerance in Sugarcane through temperature induction response (TIR) technique. 

International Journal of Sciences, 3:5-18. 

[8] Grimplet, J., Wheatly, M.D., Jouira, H.B., Deluc, L.G., Cramer, G.R. and Cushman, J.C., 2009. Proteomic 

and selected metabolite analysis of grape berry tissues under well-watered and water deficit stress conditions. 

Proteomics, 9(9):2503-2528. 

[9]  Hikosaka, K., Ishikawa, K., Borjigidai, A., Muller, O. and Onoda, Y.,2006. Temperature acclimation of 

photosynthesis: mechanisms involved in changes in temperature dependence of photosynthetic rate. J. Exp. 

Bot., 57:291-302. 

[10] Kumar, G., Krishna Prasad, B.T., Savitha, M, Gopala Krishna, R., Mukhopadhyaya, K., Rama Mohan, 

G. and Uday Kumar, M. 1999. Enhanced expression of heat shock proteins in thermotolerant lines of 

Sunflower and their progenies selected on the basis of temperature induction response (TIR). Theoretical and 

Applied Genetics,99:359-367. 

http://www.jetir.org/


© 2019 JETIR  March 2019, Volume 6, Issue 3                                        www.jetir.org  (ISSN-2349-5162) 

 

JETIR1903B43 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 285 

 

[11] Kumar, R. R., Goswami, S., Kumar, N., Pandey, S.K., Pandey, V.C., Sharma, S.K., Pathak, K and Rai, 

R. D., 2011. Expression of novel ascorbate peroxidase isoenzymes of wheat (Triticum aestivum L.) in 

response to heat stress. Inter. J. Plant Physiol. Biochem.,3 (11):188-194.  

[12] Laemmli, U.K., 1970.  Cleavage of structural proteins during assembly of head bacteriophage T4. 

Nature,227:680-685.  

[13] Larkindale, J., Mishkind, M. and Vierling, E.2005b. Plant responses to high temperature, In: Jenks, M. 

A. and Hasegava, P. M. (edits). Plants abiotic stress. P:71-95. Oxford: Black well Scientific Publications. 

London, UK. 

[14] Lindquist, S.L. and Craig, E., 1998. The heat shock proteins. Annu. Rev. Genet, 22:631-637.  

[15] Lowry, O.H., Rose brought, N.J., Farr, A.L. and Randall, R.J. 1951.J. Biol. Chem.193-265. 

[16] Massie, M. R., Laooczka, E. M., Boggs, K. D., Stine, K.E. and White, G.E., 2003. Exposure to the 

metabolic inhibitor sodium azide induces stress protein expression and thermotolerance in the nematode 

Caenorhabditis elegans. Cell Stress Chaperons, 8:1-7.  

[17] Mohamed, H. I., and Abdel Hamid, A. M. E. 2013. Molecular and biochemical studies for heat tolerance 

on four cotton genotypes. Romanian Biotechnological Letters, Vol. 18, No. 6, 2013. 

[18] Renuka Devi, K. Siva Shankar, A. and.Sudhakar, P., 2013. Screening of Rice genotypes for 

thermotolerance by TIR technique. International Journal of Applied Biology and Pharmaceutical Technology, 

4(4):205-210. 

[19]  Sanjam, M.J., Tucic, B. and Malic, G. 2010. Differential expression of heat shock proteins Hsp 70 and 

Hsp 90 in vegetative and reproductive tissues of Iris Pumila, Acta Physiol.,33:233-240. 

[20] Sapna Harihar, Srividya, S., Vijayalakshmi, C. and Boominathan, P., 2014.Temperature induction 

response – A physiological approach to identify thermotolerant genotypes in Rice. International Journal of 

Agricultural Sciences, (10):230-232. 

[21] Senthil-Kumar, M., Srikanthbabu, V., Mohan Raju, B., Ganesh Kumar, N., Shivaprakash, N. and Uday 

Kumar, M., 2003. Screening of inbred lines to develop thermotolerant sunflower hybrid using the temperature 

induction response (TIR) technique: a novel approach by exploiting residual variability. Journal of 

Experimental Botany, Vol.54(392): 2569-2578. 

[22] Srikanth babu, V., Ganesh Kumar, Krishna prasad, B. T., Gopala Swamy, R., Savitha, M. and Uday 

Kumar, M., 2002. Identification of pea genotypes with enhanced thermotolerance using temperature induction 

response technique (TIR). Journal of Plant Physiology, 159:535-545. 

[23] Sub – sectoral analysis of Ragi. 

 [24] Sujatha, B., Bharathi, Y. V. and Sirisha, P.,2018. Screening of Black gram (Vinga mungo (L.) Hepper) 

genotypes with acquired thermotolerance using Temperature Induction Response (TIR) Technique. 

JETIR.,5(12):588-598. 

[25] Sujatha, B., Sirisha, P. and Bharathi, Y.V., 2018. Screening of acquired thermotolerant Ragi (Eluesina 

coracana (L) Gaertn) genotypes using T.I.R. technique.                                                            International 

Journal of Plant Sciences, Vol.13:165-170. 

[26] Uwimana Marie Angle, Srividya, S., Vijayalakshmi, C and Boominathan, P., 2016.  Temperature 

induction response reveals intrinsic thermotolerant genotypes in Soybean. Legume Res, 39(6):926-930. 

http://www.jetir.org/


© 2019 JETIR  March 2019, Volume 6, Issue 3                                        www.jetir.org  (ISSN-2349-5162) 

 

JETIR1903B43 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 286 

 

[27] Venkatesh babu, D., Sudhakar, P. and Sharath Kumar reddy.Y., 2013. Screening of    thermotolerant 

Ragi genotypes at seedling stage using TIR technique. The Bioscan, 8(4):    1493-1495. 

[28] Vierling, E. 1991. The roles of heat shock proteins in plants. Annu.  Rev. Plant Physiology and Plant 

Molecular Biology, (42):579-620.  

[29] Vijayalakshmi, D..Srividya, S,. Vivitha, P. and Raveendran, M., 2015. Temperature induction response 

(TIR) as a rapid screening protocol to dissect the genetic variability in acquired thermotolerance in Rice and 

to identify novel donors for high temperature stress tolerance. Indian Journal of Plant Physiology, 20 (4):368-

374. 

[30] Wang, W., Vinocur, B. and Altman, A.,2003. Plant responses to drought, salinity and extreme 

temperatures: Towards genetic engineering for stress tolerance. Planta, 218:1-14. 

[31] Wahid, A. and Close, T. J. 2007.  Expression of dehydrins under heat stress and their relationship with 

water relations of sugarcane leaves. Biol,51;104-109. 

[32] Xu, S., Li, J., Zhang, X., wei, H. and Cui, L.,2006. Effects of heat acclimation pre-treatment on changes 

of membrane liquid peroxidation, antioxidation metabolites and ultrastructure of chloroplasts in two cool-

season turf grass species under heat stress. Environ. Exp. Bot., 56:274-285.  

[33] Yamaguchi, K., Mori, H. and Nishimura, M., 1995. A novel isoenzyme of ascorbate peroxidase localized 

on glyoxysomal and leaf peroxisomal membranes in pumpkin. Plant Cell Physiol, 36: 1157-1162. 

http://www.jetir.org/

