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  Regular article Identification of seed storage protein markers for drought tolerance in mungbean 
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 A set of 292 mungbean germplasm accessions including 62 popularly adapted local land races and two wild forms (Vigna radiata var. sublobata), important breeding lines and 
standard ruling varieties were screened for drought stress tolerance at seedling stage.  Eight genotypes e.g., C. No. 35, OUM 14-1, OUM 49-2, Pusa 9072, OM 99-3, Banapur local B, Nipania munga, Kalamunga 1-A) have been identified to possess drought tolerance.  Globulin seed storage protein profiling was carried out in 19 selected mungbean genotypes comprising eight drought tolerant, seven drought sensitive, two wild forms of mungbean (TCR 20 and TCR 213) and two standard checks (LGG 460 and T 2-1) to explore differentially expressed polypeptides. Seed protein profiles revealed 15 scorable polypeptide bands with molecular weights ranging from 10.0 to 102.2kD.A specific 12.8kD polypeptide band was present in all above drought tolerant test genotypes including the wild accession TCR 20. Such a polypeptide band may serve as useful biochemical marker for identification of drought tolerant genotypes in mungbean.  
Key words: Genetic diversity, seed storage protein profile, wild and cultivatedVigna radiata.  Mungbean (Vigna radiata (L.) wilczek, 2n= 22) is an important short duration pulse crop of India and Odisha in particular. Generally, pulses are very susceptible to water stress (Agele et al. 2006). Unfortunately, available mungbean varieties lack satisfactory level of drought tolerance and at present drought tolerant high yielding varieties are not available in this crop. The extent and rate of progress in improving drought stress tolerance through conventional breeding is limited owing to its multigenic nature and complex mechanism involved (Athar and Ashraf 2009). Therefore, searching for 

candidate genes conferring drought tolerance could be a practical proposition. In this context, screening of a large collection of germplasm lines including wild accessions can pave the way for identification of tolerant genotypes. Drought tolerant genotypes are reported to accumulate stress related proteins particularly dehydrins which are synthesized in mature seeds. Garnczarska et al. (2008) and Tolleter et al. (2007) revealed accumulation of dehydrins following seed desiccation in pea. Besides, Russouw et al. (1995) isolated and characterized an11kD LEA (late embryogenic abundant) like-protein from embryonic axes 

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Update Publishing (E-Journals)

https://core.ac.uk/display/236012903?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


S K Tripathy et al. / Research in Biotechnology, 7: 43-49, 2016  

44  

during development of pea seeds. Besides, a few low molecular weight polypeptides associated with responses to water deficit were observed at 14.2kD for a barley dehydrins (Close et al. 1989), 22kD for 
Lathyrus sativus (Tyagi et al. 1995), Brassica 
napus and Arabidopsis thaliana (Marie-Pierre et 
al. 1992, Yamaguchi-Shinozaki and Shinozaki 1993), a 26kD osmotin in tobacco (Singh et al. 1987) and 23kD polypeptide in rice (Rao et al. 1993). Polypeptide banding pattern has been also effectively employed by Afiah and Rashed (2000) and Sinha et al. (1999) for isolation of plants under calcareous soil in mungbean and for tolerance to salt stress in 
Lathyrus sativus (L.) respectively.   Polypeptide markers detected through seed protein profiling are known to be quite stable as compared to soluble proteins and isozymes (Dutta and Mallick 2012). Seed storage protein profiling has been employed for elucidation of evolution and phylogenetic relationships (Naik 1998, Kole et 
al. 2000), hybrid selection, characterization and identification of varieties (Tripathy et 
al.2010a, b, c).  Panigrahi et al. (2001) detected species specific seed protein markers for differentiation of Cajanus cajan fromC. 
cajanifolius. Similarly, Abdellati et al. (2012) differentiated drought tolerant varieties from susceptible genotypes of faba bean by presence of some specific seed storage protein bands. Thus, seed storage protein finger printing assumes immense value for polypeptide profiling. In the present investigation, the authors attempted to unravel polypeptides markers associated with drought tolerance using seed storage protein profiling ofmungbean.   
Materials and Methods  A large collection of 292 mungbean genotypes were phenotyped for status of drought tolerance under water stress at seedling stage. Nineteen selected mungbean genotypes comprising drought tolerant and sensitive checks were field tested under water 

deficit. Globulin seed storage protein fraction of matured seeds of each of these genotypes was extracted with 0.5M NaCl, denatured with an equal volume of cracking buffer (0.125M Tris HCl pH 6.8, 4% SDS, 20% glycerol, 10% 2-mercaptoethanol, 0.1% Bromophenol blue) at 800C in hot water bath. Seed proteins were analysed simultaneously by running two gels at a time in a vertical slab gel (12.5% polyacrylamide gel) at constant current of 60mA (2.5mA per lane for two gels run each time) for four hours following Laemmli (1970) with minor modifications. Reproducibility was confirmed by minimum of two repeats of each run of sodium dodecyl polyacrylamide gel electrophoresis (SDS-PAGE) under similar electrophoretic conditions. After electrophoresis, gels were stained with 0.125% w/v coomassie brilliant blue R 250, 50%v/v methanol, and 10% v/v glacial acetic acid for four hours with intermittent shaking followed by destaining overnight in 50% methanol and 10% glacial acetic acid; and finally, several washings with 5% methanol and 7% glacial acetic acid. The molecular weights of the dissociated polypeptides were determined by using molecular weight marker with known molecular weights i.e., bovine plasma albumin, (66kD), egg albumin (45kD), glyceraldehydes-3-phosphate dehydrogenase (34.7kD) and bovine pancreas tripsinogen (24kD). Differentially expressed unique polypeptide bands were noted to find relationship with drought tolerance.  
Results and Discussion Screening techniques for drought tolerance in legumes has been widely reported (Singh et 
al. 1999, Dutta and Bera 2008). Singh et al. (1999) used wooden box lined with polythene sheets and filled with soils and sand mixture (1:1) for screening cowpea genotypes under drought stress. Dutta and Bera (2008), however, adopted artificial screening for drought tolerance using polyethylene glycol (PEG) in mungbean.  In the present pursuit, 
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ten day old seedlings of a large collection of 292 mungbean accessions grown in plastic cups, were exposed to moisture stress by watering with a gap of one, three and five days and then left for a week without irrigation. The drought tolerance screening was repeated thrice until all plants of the sensitive variety were died. Eight genotypes e.g., C. No. 35, OUM 14-1, OUM 49-2, Pusa 9072, OM 99-3, Banapur local B, Nipaniamunga, Kalamunga 1-A (Fig. 1 & 2) were scored drought tolerant (score 0-1) in 0-9 scale. However, Dutta and Bera (2008) identified drought tolerant genotypes based on tolerance index (ratio of dry weight of 

seedling under stress to dry weight of seedling under control condition) and Singh 
et al. (1999) stressed on percentage permanent wilting and percentage plant recovery after resume of watering as useful criteria for genotypic assessment of drought tolerance. The candidate genotypes identified above along with seven drought sensitive (DS), two wild forms (Vigna radiata var. sublobata: TCR 20 and TCR 213) and two standard checks (LGG 460 and T 2-1) were subjected to seed storage protein profiling  to identify marker(s), if any, associated with drought tolerance.   

 

 Fig  1.  Drought tolerance screening of mungbean germplasm lines (normal seedlings 10 days after sowing). 
 The SDS-PAGE revealed altogether 15scorable polypeptide bands with molecular weight ranging from 10.0 to 102.2kD (Fig 3). A minimum six polypeptide bands were observed in case of Nipaniamunga, TCR 213 and T 2-1 while, it was as high as 13 in C. No. 35 and OUM 14-1. The importance of protein profiling has long been acknowledged in plant abiotic stress studies. In the present investigation, a polypeptide bandat 60.5kD was  specifically absent  in  the   drought  resistant  local  land  race  Nipaniamunga, but 

present in all other test genotypes (Fig 3). Such a genotype barely expressed six globulin polypeptide bands including two monomorphic bands at 102.2kD and 53.7kD in mature seeds as compared to 10-13 bands in other drought resistant genotypes. Absence of the above polypeptide band in this drought resistant genotype could be due to down regulation of a kind of stress inducible protein under drought stress. Jiang 
et al. (1997) have shown that the promoter regions of storage protein genes contain the 
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information for their down regulation during seed desiccation. Deletion or mutation in regulatory and /or structural genes may lead to failure of protein expression (Brown et al. 1981). A few differentially expressed polypeptide(s) were reported to be present only in the susceptible genotypes for YMV resistance in mungbean (Patnaik and Kole 2002) and green leafhopper resistance in rice 

(Padmavathi et al. 1999). In contrast, Chand and Kole (2002) identified a polypeptide band at Rm 0.790 in resistant genotypes and another band at Rm 0.781 unique to susceptible genotypes of mungbean. Iqbal et 
al. (2005), however, observed no relationship between SDS-PAGE based seed storage protein markers with varietal resistance to 
Ascochita blight in chickpea.  

 

  Fig 2. Drought stress resistant genotypes (top row- left to right): OM 99-3, Nipaniamunga,  Kalamunga 1A, OUM 14-1, Banapur local B; Drought  sensitive genotypes (bottom row-left to right): OUM 13-2, OBGG 183, PMB 9, Pusa 2072 and T 7-7 Sel.2       

          Fig. 3.SDS-PAGE polypeptide profile of globulin seed storage protein fraction of 19 mungbean genotypes, Lane 1-8 (drought tolerant): C. No. 35, OUM 14-1, OUM 49-2, Pusa 9072, OM 99-3, Banapur local B, Nipaniamunga, Kalamunga 1-A; Lane 9-15(drought sensitive): T 7-10 sel. 3, OUM 13-2, OBGG 183, PMB 9, Pusa 2072, T 7-7 Sel.2, Nayagarh Local-C; Lane 16& 17(wild mungbean): TCR-20, TCR 213; Lane 18 & 19(standard checks): LGG 460,  T 2-1.   
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Table  1. Electrophoretic (SDS-PAGE) polypeptide banding patterns of Globulin seed storage                    protein of 19 selected genotypes.  
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 
B1(102.2kd)   1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
B2  (94.0kd) 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 0 1 0 
B3  (85.9kd) 1 1 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 
B4  (81.2kd) 1 1 0 1 0 1 0 0 1 1 1 1 1 0 1 0 0 1 0 
B5  (64.0kd) 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 0 1 0 0 
B6  (60.5kd) 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 
B 7 (53.7kd) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
B8 (50.7kd) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 
B9  (45.8kd) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 
B10(40.0kd) 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 0 0 1 0 
B11(38.1kd) 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 
B12(35.6kd) 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 
B13(29.0kd) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 
B14(12.8kd) 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 1 0 0 0 
B15(10.0kd) 1 1 1 1 1 0 0 1 1 1 0 0 1 0 0 0 0 1 1 
Total 13 13 11 12 11 10 6 10 10 11 11 11 12 9 10 10 6 12 6 

 A number of different proteins usually accumulate in mature seeds to stabilize and protect cellular structures during dehydration. These include some members of the LEA supergene family (Ingram and Bartels 1996) and heat shock proteins (HSPs) (Wehmeyer and Vierling 2000). Magnetic resonance imaging (MRI) can visualize accumulation of dehydrin proteins in the provascular tissue of both the maturing seed embryo axes and cotyledon whichevidenced involvement of dehydrins in promoting water influx into the vascular bundles. Among 13 polymorphic globulin 

polypeptide bands examined in the present set of drought resistant and drought sensitive genotypes; a specific polypeptide band at approximately 12.8kD (Fig 3, marked by arrow) was present in all erstwhile mentioned eight drought tolerant test genotypes including the wild accession TCR 20. This globulin protein fraction might be accumulated upon dehydration during seed maturation in the tolerant genotypes grown under drought stress. The physiological implication of this polypeptide expression only in the resistant genotypes; and the strength of linkage of the loci controlling the 
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polypeptide (12.8kD) and tolerance to drought stress is not known. However, identification of such drought stress related responses of mungbean cultivars in the mature seeds may provide marker(s) for selection in breeding programme. Besides, this approach was also used to screen YMV resistant genotypes in mungbean (Pattnaik and Kole 2002).A LEA like-protein has been isolated with molecular weight 11kD in embryonic axes of pea seeds (Russouw et al. 1995).  
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