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Abstract 

 

The objective of this study was to determine the performance wheat genotypes for plant 

height, seed yield, seed weight per spike, chlorophyll content, harvest index, protein content, 

sedimentation, thousand seed weight and test weight; to identify gliadin band patterns and the 

extent of genetic diversity; to investigate gliadin components composition and the base of 

gliadin polymorphisms; in bread wheat genotypes. So, significant differences between years 

and genotypes showed that genotypes are under genotype x environment interaction for 

agronomic and quality characters, and wide range of differences took place among genotypes 

for agronomic, quality, gliadin and glutenine electrophoretic profiles. The highest 

performances were taken from Altay-2000, Müfitbey and Bezostaja-1 genotypes in seed yield, 

seed weight per spike, plant height, chlorophyll content, thousand seed weight, test weight, 

harvest index, protein content and sedimentation. Similarly, These genotypes had the highest 

gliadin relative mobility indexes and glutenine band scores. Correlations between seed weight 

per spike and seed yield, chlorophyll content and seed yield were significant. Quality 

characteristics had significant relationships with each other.  Bezostaja-1, Müfitbey and 

Altay-2000 were found as high yielding and quality genotypes. 

 

 Keywords: Wheat. Genotypes. Yield components. Quality characters. Bi-plot analysis.  

 

1. Introduction 

 

Wheat is one of the essential crops in the world and plays vital role in home  

consumption, food industry and international trade., In 2020’s, world demand for wheat is 

predicted to be almost 50 percent higher than now. However, possibilities available for wheat 

production are likely to be significantly lower. Wheat will be the major edible commodity and 

the most important staple food for the people (Anon.,   2011). Rapid growth has occurred in 

the world population and dietary requirements in the rapid development of agriculture have 

been a source of strength. For this purpose, changing the genetic structure of plant breeding 

studies with better quality, higher yielding, disease-and pest-resistant and high adaptability to 

obtain varieties that have been studied (Kang, 1990).  Morphological, physiological, 

phenotypic and quality characteristics, formed under the effect of genotype x environment 

interaction are considered as selection criteria in wheat breeding. Determining the effect and 

differences of such characters in genotypes are going to accelerate genetic improvement 

progress (Peltonen-Sainio etal., 2007). The cultivar having high grain yield and quality 

requires showing higher genetic potential and stability in different environmental factors. 

Variability in yield and quality components such as plant height seed yield and seed weight 

per spike, chlorophyll content, harvest index, protein content, sedimentation, thousand seed 
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weight and test weight are very important for the cultivar selection. These characters are 

quantitative characters and learning responses of traits to genetic and environmental 

variability will lead good selection of parents in breeding programs. Evans and Fischer, 

(1999) reported that detailed information for grain yield and its yield and quality components 

is more likely to improve the efficiency of breeding programs by making appropriate indices 

for development of better selection for wheat genotypes (Blum, 1986).  

Quality of wheat is formed by quality and quantity of proteins, divided as 

metabolically active and storage proteins in seed.  Besides, proteins could be classified as 

albumins, globulins, gliadins and glutenines (D’Ovidio and Macsi, 2004). Constituting of 

almost 20% of total wheat flour proteins, albumins and globulins behave as nutrient reserves 

for the germinating embryo and help to protect embryo from insects and pathogens before 

germination (Dupont and Altenbach, 2003). Gliadins are high in proline and glutamine, and 

contribute to dough physical characteristics. They are used as markers for wheat genetic 

resources and for wheat variety identification due to their high amount of heterogeneity 

among the genotypes (MirAli 2000; Tanaka etal., 2003).  Glutenine have high levels of 

glutamine and proline and low levels of charged amino acids, it is therefore liable from 

glutenine elasticity and baking quality of wheat flour (Wieser, 2007). The objective of this 

study was to determine the performance wheat genotypes for plant height, seed yield, seed 

weight per spike, chlorophyll content, harvest index, protein content, sedimentation, thousand 

seed weight and test weight; to identify gliadin band patterns and the extent of genetic 

diversity; to investigate gliadin components composition and the base of gliadin 

polymorphisms; in bread wheat genotypes; to determine similarities/dissimilarities among 

plant characters and wheat genotypes.  

 

2. Materials and Methods 

 

This study was carried out in greenhouse conditions at Osmangazi University, 

Agricultural College Eskişehir, Turkey (30°32’E 39°46’ N, at an altitude of 792 m) in the 

2011-2012 and 2012–2013 cropping seasons. Experiments were carried out in randomized 

complete block design with three replications. Plot sizes were 8.0x0.20x6.0=9.6 m
2
 at 

planting 7.0x0.20x6=8.4 m
2
 at harvest. 100 kg N/ha in rainfall conditions, 60 kg N/ha in rain 

fed conditions (½ in planting and ½ in early spring) were applied. Besides, amount of P2O5 

was 60 kg/ha in both conditions (all at planting). Physical and chemical characteristic of soil 
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were loamy texture clay, 0.09 % in salt, 1.6 % organic matter, 1.4 in loam, 29.6 kg/ha in P2O5, 

1235 kg/ha K2O, 7.1 in pH, 1.7 ds m
2
 in electrical conductivity. Normal quality water 

(EC = 1,5–2,3 dS m
−1

) was selected in the study. Genotypes were sown at seed rate of 500 

seed m
2
 in first half of September and harvested in first half of July. Weed controls were 

made by 1.6 lt/ha of 2.4, D amine herbicide. Eleven bread wheat genotypes were used. 

Crosses of wheat genotypes were LUTESCENS17/ SKOROSPELKA2 in Bezostaja-1, 

HYS/7C in Atay-85, AGRI/NAC in Sultan-95, 1502-W9-01 in Harmankaya, 

ES14//YKT/BLUEBOY2 in Altay-2000, ID800994.W/VEE in Alpu-01, BEZ//BEZ/ 

TVR/3/KREMENA/LOV29/4/KATEA-1 in Sönmez-01, NGDA146/4/YMH/ TOB// MCD/ 

3/LIRA/5/F130L1.12 in Müfitbey, F900K/3/EGL//BUC/PVN in Nacibey, LLKOFEN/ 

GEREK79*4 in Es-26 and SG-S1915/FANDANGO in Yunus were used.  

Precipitations in 2011-2012, 2012-2013 and long term years (1970-2009) were 316,9 

mm, 329,4 mm and 311,5 mm, respectively. Besides, minimum, maximum and average 

temperatures were -2,6°C, 24,9°C and 7,2°C in 2011-2012; -3,3 °C, 23,3 °C and 9,9 °C  in 

2012-2013;  -.8°C, 29.0 °C and  9.0 °C  in long term years. Total rainfalls in both years were 

higher than long term periods. Besides, monthly rainfalls in 2012-2013 were higher than previous 

year. Yield components, plant heigh, seed yield, seed weight per spike, chlorophyll content, 

harvest index, protein content, sedimentation, thousand seed weight and test weight were 

measured. For gliadin grain storage protein electrophoresis; sodium dodecyl sulfate 

polyacrylamide gel electrophoresis (SDS-PAGE) analysis was used to identify 11 wheat 

genotypes by their gliadin protein patterns. Gliadin proteins were performed on vertical slab 

using gel electrophoresis apparatus.  In gliadin bands, Relative mobility index Rm, distance 

from the first band to origin Rmy and distance from the last band to origin Rmz were calculated 

by formulas below. 

 

 

 

 

 

 

 

The glutenin subunit compositions were fractionated by SDS-PAGE using 4% w/v 

polyacrylamide for stacking gel, 8.7% w/v polyacrylamide for separating gel. The numbering 

system for bread wheat were determined and quality score were calculated on the effect of 
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individual bands or pairs of bands on glutenine quality as determined by the alveograph test. 

All the data were statistically analyzed and means were compared by Duncan test at 5% level 

of probability. Similarities/dissimilarities among plant characters and wheat genotypes were 

made. Statistical analyses were made by SAS and Minitab 15 software programs. 

 

3. Results and Discussion 

 

Yield, yield components and quality characteristics are formed in consequence of 

genetic capacity, environmental conditions and agronomic practices (therefore they should be 

taken into consideration in breeding programs (Pireivatlou etal., 2011). The results showing 

performance of genotypes for yield components and quality parameters in 2011-2012, 2012-

2013 are presented in Table 1. Effects of year on genotypes and variations between genotypes 

were found to be significant for all characteristics except that effect of years on test weight 

was insignificant. Besides, interactions between years and genotypes in seed yield, 

chlorophyll content, protein content, sedimentation, thousand seed weight and test weight 

were insignificant.  

Only interactions between years and genotypes in plant height seed weight per spike, 

harvest index were found to be significant at 1%. Blum (1986) stated that many studies have 

been carried out under different prevailing climatic conditions and agronomic applications, 

significant interactions between factors and their interactions could naturally be expected. 

Leaves are known as important source of photosynthesis, and crop having more 

photosynthetic capacity products more dry matter. Moreover, plant height of bread wheat in 

many countries including Turkey ranges from 70-100 cm it is one of the plant characteristics 

and play effective role on yield (Joshi etal., 2002). However, plant height can cause reduction 

grain yield due to negative correlation with it (Jaradat etal., 1996). Plant heights in 2012-2013 

(82,79 cm) were higher than 2011-2012 (76,03 cm).  Altay-2000 had the highest plant height 

in both years (88.35 cm in 2011-2012, 99,50 cm in 2012-2013) and average (93,92 cm). 

Whereas, shortest plant height belonged to Es-26 genotype (88.35 cm in 2011-2012, 99,50 cm 

in 2012-2013 and 93,92 cm in average).  

Seed yield is formed under GxE interaction and is closely related to yield components 

such as seed weight per spike, thousand grain weight, test weight. Evaluation of yield related 

characterşistics is main objective of breeding programs  (Dimitrijevic, 2011).  Seed yield 

ranged between 2,48-4,42 t/ha.  More seed yield in 2012-2013 (3,61 t/ha)  was taken and  
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more rainfall in October, November. April, May and June seemed to cause yield increase.  

Yield performance significantly depends upon amount of rainfall in rainfed conditions. 

Particularly monthly rainfall in sowing and flowering periods form yield potential (Pireivatlou 

etal., 2011). Bezostaja-1 had the highest seed yield in both years (4,07 t/ha in 2011-2012, 4,42 

t/ha in 2012-2013) and average (4,25 t/ha). Lowest seed yields belonged to Yunus genotype 

(2,48 t/ha in 2011-2012, 2,84 t/ha in 2012-2013 and 2,66 t/ha in average).  

 

Table 1: Results of yield components and quality parameters  on bread wheat genotypes. 

in 2011-2012, 2012-2013.  

 
 Plant Height (cm) Seed Yield (t/ha) Seed Weight  per Plant (gr) 

Genotypes 2011-12 2012-13 Mean 2011-12 2012-13 Mean 2011-12 2012-13 Mean 

Alpu-01 75,65    78,85 77,25de 3,04 3,31 3,18c 1,15 1,59 1,37cd 

Nacibey 88,20 85,65 86,92b 3,35 3,59 3,47bc 1,38 1,52 1,45cd 

Bezostaja-1 67,00 93,50 80,25cd 4,07 4,42 4,25a 1,90 1,99 1,95a 

Müfitbey 69,60 74,70 72,15de 4,02 4,18 4,10a 1,52 1,91 1,71b 

Atay-85 84,45 77,30 80,87cd 3,47 3,62 3,55bc 1,48 1,48 1,48cd 

Harmankaya 83,35 86,25 84,80bc 3,44 3,81 3,63b 1,45 1,65 1,55b-d 

Es-26 60,25 73,25 66,75e 3,22 3,52 3,37bc 1,16 1,59 1,38de 

Sönmez-01  81,85 88,00 84,92bc 3,19 3,35 3,27c 1,44 1,75 1,60bc 

Yunus 69,90 78,00 73,95d 2,48 2,84 2,66d 1,30 1,09 1,20e 

Sultan-95 67,75 75,70 71,72e 2,95 3,14 3,05c 1,38 1,44 1,41cd 

Altay-2000 88,35 99,50 93,92a 3,81 3,98 3,90ab 1,76 1,70 1,73b 

Mean 76,03b 82,79a 79,41 3,37b 3,61a 3,49 1,45b 1,61a 1,53 

F Values Y:3253,76**, G:588,21** YxG:75,54* Y:8,31*, G: 11,44**, YxG:2,34ns Y:4,34**, G:10,85** YxG:3,37** 

L.S.D. (%) Y:2,49, G:5,84 YxG:8,26 Y:0,19*, G: 0,31**, YxG:0,06ns Y:0,09**, G:0,21** YxG:0,30** 

  Chlorophyll content (SPAD) Harvest Index Protein Content (%) 

Genotypes 2011-12 2012-13 Mean 2011-12 2012-13 Mean 2011-12 2012-13 Mean 

Alpu-01 37,25 45,50 41,38c 41,85 45.80 43.82b-e 13,04 12,63 12,84a-c 

Nacibey 48,87 56,10 52,49b 40,26 46.40 43.33b-e 11,11 12,15 11,63f 

Bezostaja-1 57,94 62,05 59,99a 49,24 44.20 46.72ab 12,50 12,93 12,72b-d 

Müfitbey 57,11 52,81 54,96ab 38,53 43.20 40.87ef 13,79 13,42 13,61a 

Atay-85 54,21 53,73 53,97ab 39,34 42.80 41.07ef 12,22 12,61 12,41cd 

Harmankaya 53,50 58,75 56,13ab 43,64 47.90 45.77a-c 12,30 12,66 12,48cd 

Es-26 43,54 55,20 49,37b 40,09 44.25 42.17d-f 12,75 13,10 12,93a-c 

Sönmez-01 53,80 57,61 55,71b 45,78 49.20 47.49a 11,70 12,22 11,96d-f 

Yunus 34,78 44,45 39,62c 36,74 40.75 38.74f 11,17 11,55 11,36f 

Sultan-95 52,87 54,15 53,51ab 40,94 44.30 42.62c-e 12,23 12,49 12,36c-e 

Altay-2000 53,99 53,25 53,62ab 46,92 42.30 44.61a-d 13,34 13,42 13,38ab 

Mean 49,81b 53,96a 51,89 42,12b 44.64a 43.38 12,38b 12,65a 12,52 

F Values Y:47,16**, G:31,73** YxG:6,42ns Y:131,47**, G:94,74** YxG:74,59** Y:46,84**, G:37,15** YxG:4,61ns 

L.S.D. (%) Y:2,95**, G:6,91** YxG:7,18ns Y:1,47**, G:3,45** YxG:4,88** Y:0,24**, G:0,77** YxG:0,80ns 

 Sedimentation (ml) Thousand Seed Weight (gr) Test Weight (kg/hl) 

Genotypes 2011-12 2012-13 Mean 2011-12 2012-13 Mean 2011-12 2012-13 Mean 

Alpu-01 41,12 40,85 40,98a 48,47 48,50 48,49ab 80,30 80,65 80,48ab 

Nacibey 29,44 32,85 31,15c 41,04 47,30 44,17b-e 78,24 78,70 78,47b-d 

Bezostaja-1 37,06 41,00 39,03a 46,82 48,55 47,69ab 82,95 82,15 82,55a 

Müfitbey 41,30 40,40 40,85a 39,92 45,57 42,75c-e 76,20 80,60 78,40b-d 

Atay-85 29,78 35,30 32,54c 47,01 46,70 46,86a-c 83,01 80,80 81,90a 

Harmankaya 32,14 35,95 34,05bc 44,36 44,10 44,23b-e 79,28 78,55 78,91b-d 

Es-26 39,04 40,53 39,79a 39,13 45,80 42,47c-e 78,79 81,70 80,24ab 

Sönmez-01  26,74 35,60 31,17c 48,73 49,07 48,90a 83,19 82,12 82,66a 

Yunus 32,69 32,70 32,70c 40,48 41,60 41,04e 75,61 77,60 76,61d 

Sultan-95 36,34 38,12 37,23ab 40,55 43,30 41,93de 77,80 76,95 77,37cd 

Altay-2000 39,73 40,87 40,30a 45,28 47,01 46,15a-d 80,35 79,65 80,00a-c 

Mean 35,04b 37,65a 36,34 43,80b 46,14a 44,97 79,61 79,95 79,78 

F Values Y:52,37**, G:68,54** YxG:9,43ns Y:91,27**, G:65,28** YxG:2,77ns Y:113,53ns, G:88,46**YxG:9,42ns 

L.S.D. (%) Y:1,72**, G:4,04** YxG:4,20ns Y:1,90**, G:4,46** YxG:4,63ns Y:1,90ns, G:2,80** YxG:2,91ns 

Y: Year, G: Genotype, YxG: Year x Genotype Interaction 
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Seed weight per spike in 2012-2013 crop growing season was higher (1,61 gr) than 

2012-2013 (1,45 gr). Ranges between genotypes in seed weight per spike occurred between 

1,09-1,99 gr, respectively. Moreover, the highest values in seed weight per spike in 2011-

2012, 2012-2013 and average were Bezostaja-1 (1,90 gr, 1,99 gr and 1,95 gr, respectively).  

Lowest values were as 1,15 gr on Alpu-01 in 2011-2012 , as 1,09 gr on Yunus in 2012-2013 

and as 1,20 gr on Yunus in average, respectively (Table 1).  Seed weight per spike is 

important character in determining the grain yield potential and this characteristic is 

significantly affected from environmental changes; negative effects of water and temperature 

stress reduces grain weight (Farooq et. al., 2009). Chlorophyll content showing 

photosynthetic activity, places great importance in high yield. It varies as a function of plant 

growth and development under genotype x environment interaction. Highest chlorophyll 

content takes place at the flowering phase, and it takes part in the process of organogenesis 

(Simova-Stoilova etal., 2006). Besides, harvest index also plays important role contributing to 

genetic yield improvement in wheat (Triticum aestivum L.), increase in harvest index seems to 

demonstrate high-yielding ability, it can also indicate challenges to yield formation (Paltonen-

Sainio etal., 2007).  Ranges between genotypes in chlorophyll content and harvest index were 

34,78-62,05 SPAD and 36,74-49,30, respectively. The lowest and the highest values in 

chlorophyll content and harvest index in 2011-2012 were 34,78 SPAD in Yunus genotype and 

57,94 SPAD in Bezostaja-1 genotype; 36,74 in Yunus genotype and 49,24 in Bezostaja-1 

genotype. In 2012-2013, Yunus genotype had the lowest values in chlorophyll content and 

harvest index as 44,45 SPAD and 40,75, respectively. The highest chlorophyll content and 

harvest index belonged to Bezostaja-1 with 62,05 SPAD and Sönmez-01 with 49,20. In 

average, The lowest and the highest values in chlorophyll content and harvest index were 

39,62 SPAD in Yunus genotype and 59,99 SPAD in Bezostaja-1 genotype; 38,74 in Yunus 

38,74 in Yunus genotype and 47,49 in Sönmez-01  genotype (Table 1).  

Protein in cereals including albumin, globulin, gliadin and glutenin subunits is known 

as one of the most important nutrients for humans and the protein content in wheat seed 

ranges between 10 % - 18 % of the total dry matter (Pomeranz, 1988). Protein content in 

genotypes ranged between in 11,11-13,79 %.. The highest protein contents in 2011-2012, 

2012-2013 and average were found in Müfitbey with 13,79 %, 13,42 %, 13,61 %, 

respectively. Moreover, Nacibey (11,11 %) in 2011-2012, Yunus in 2012-2013 (11,55 %) and 

in average (11,36) had the lowest protein contents. The sedimentation test is closely related to 

the protein quantity and the quality of bread wheat and positive correlation were observed 
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between sedimentation volume and glutenine strength (Shewry and Tatham, 2000); it is used 

as a safe method in wheat breeding as well as in milling processes (Rubenthaler and 

Pomeranz, 1988). Sedimentation range in genotypes was found between 26,74 - 40,98 %. 

Müfitbey had the highest protein content (41,30 %) in 2011-2012, while the highest protein 

contents were taken from Alpu-01 (40,85 % 2012-2013 and 40,98 % in average). On the other 

hand, Sönmez-01 (26,74 %) in 2011-2012, Yunus (32,70 %) in 2012-2013 Nacibey (31,15 %) 

in average had the lowest protein contents (Table 1). Thousand seed weight and test weight 

could easily be used to predict potential flour yield and are known as vital quality traits in 

milling industry (Schuler etal., 1995). Genotypes, environments and GxE interaction  have 

significant influence on the wheat quality traits such as  thousand seed weight, test weight in 

wheat seed  (Evrendik etal., 2008) As pointed out by Mut etal., (2010) that protein content, 

thousand seed weight, test weight,  volume of genotypes changed from 34.5 gr to 41.4 gr, 

from 76.5 kg/hl to 80.4 kg/hl. Limits in thousand seed weight and test weight were 39,1-49,07 

gr and 75,61-83,19 kg/hl, respectively. The highest values were taken from Sönmez-01 (48,73 

gr in 2011-2012, 49,07 gr in 2012-2013 and 48,90 gr in average) in thousand seed weight; 

Sönmez-01 (83,19 kg/hl) in 2011-2012, Bazostaja 1 in 2012-2013 (82,15 kg/hl) and in 

average (82,55 kg/hl) in test weight. Meanwhile, in thousand seed weight the lowest values 

belonged to Es 26 with 39,13 gr in 2011-2012, Yunus in 2012-2013 (41,60 gr) and in average 

(41,04 gr). In test weight, Yunus in 2011-2012 and average (75,61 kg/hl and 76,61 kg/hl), 

Sultan-95 95 in 2012-2013 (76,95 kg/hl) had the lowest test weight values (Table 1).  

Glutenine and gliadin as a vital components, plays essential role in bread wheat 

quality. Gliadins are monomeric and endosperm proteins and are rich in proline and 

glutamine, and supply positive effect on physical properties of dough. Besides gliadins are 

well used in genetic diversity studies and gliadin electrophoresis method is the safest method 

to show the relationship of gliadin polymorphism with genetic diversity (Zillman and Bushuk, 

1979; Nevo and Payne, 1987). Rmy and Rmz, gliadine relative mobility index values in gliadin 

bands and glutenine quality band scores in bread wheat genotypes are given in Table 2. Rmy, 

Rmz and gliadine relative mobility index values in bread wheat genotypes were determined as 

17,10, 92,10 and 54,60 in Alpu-01 genotype; 16,44, 94,73 and 55,59 in Altay-2000 genotype; 

16,44, 88,81 and 52,63 in Atay 85 genotype; 16,44, 94,73 and 55,59 in Bezostaja-1 genotype; 

17,10, 92,10 and 54,60 in Es-26 genotype; 17,10, 88,15 and 52,63 in Harmankaya genotype; 

16,44, 91,44 and 53,94 in Müfitbey genotype; 17,10, 87,50 and 52,30 in Nacibey genotype; 

17,10, 86,18 and 51,64 in Sönmez-01 genotype; 18,42, 88,81 and 53,62 in Sultan-95 genotype 
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and 16,44, 87,50 and 51,97 in Yunus genotype (Table 2). Significant differences in gliadin 

patterns were reported in bread wheat genotyped gathered from different accessions (Tanaka 

etal., 2003). Gliadin band fractions in bread wheat genotypes are given in Figure 1. 

 

Table 2: Rmy, Rmz and Gliadine Relative Mobility Index values in gliadin band fractions 

and glutenine quality band scores in bread wheat genotypes. 
Gliadin Band Fractions 

Genotypes Rmy Rmz *G.R.M.I. Genotypes Rmy Rmz G.R.M.I 

Bezostaja-1 16,44 94,73 55,59 Sönmez-01 17,10 86,18 51,64 

Atay-85 16,44 88,81 52,63 Müfitbey  16,44 91,44 53,94 

Sultan-95-95 18,42 88,81 53,62 Nacibey 17,10 87,50 52,30 

Harmankaya 17,10 88,15 52,63 Es-26 17,10 92,10 54,60 

Atay-2000 16,44 94,73 55,59 Yunus 16,44 87,50 51,97 

Alpu-01 17,10 92,10 54,60 Mean 16,92±0,59 90,19±2,98 53,56±1,42 

Glutenine Quality Band Scores 

Genotypes Glu-A1 Glu-B1 Glu-D1 Score Genotypes Glu-A1 Glu-B1 Glu-D1 Score 

Courtot 2* 7+8 2+12 8 Altay-2000 2* 17+18 5+10 10 

Kadet 1 7+9 5+10 9 Alpu-01 1 7+9 5+10 9 

Chinese Spring null 7+8 2+12 6 Sönmez-01  1 7 2+12 6 

Insignia 1 20 5+10 8 Müfitbey 2* 7+8 5+10 10 

Bezostaja-1 2* 7+9 5+10 9 Nacibey null 17+18 2+12 6 

Atay-85 2* 7 5+10 8 Es-26 2* 7+8 5+10 10 

Sultan-95 2* 7 5+10 8 Yunus null 6+8 5+10 6 

Harmankaya null 7+9 5+10 7      

* G.R.M.I: Gliadine Relative Mobility Index 

 

Wheat glutenine occupy very important place in cereal proteins due to its magic property to 

create suitable visco elastic dough for bread making (Delcour, 2005). Glutenines and gliadins 

have very similar amino acid composition, thus in wheat flour dough, baking performance 

strongly depend on the molecular weight distribution of glutenines. Glutenines appear to be 

largely responsible for glutenine elasticity (Wieser, 2007).  

 

 
Figure 1: Gliadin band fractions in bread wheat genotypes. 
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Glutenine quality band scores are shown in Table 2 and Figure 2. These scores represent 

bread-making quality bands and total scores could be obtained by adding each score. In our 

study; quality bands, 2*, 7 and 5+10 in Atay- 85 genotype, 6+8 and 5+10 in Yunus genotype, 

2*, 7+9 and 5+10 in Bezostaja-1 genotype, 2*, 7+8 and 5+10 in Müfitbey genotype, 1, 7 and 

2+12 in Sönmez-01 genotype,  2*, 17+18 and 5+10 in Altay-2000 genotype,  2*, 7+8 and 

5+10 in Es-26 genotype,  7+9 and 5+10 in Harmankaya genotype, 2*, 7 and 5+10 in Sultan-

95 genotype, 1, 7+9 and 5+10 in Alpu-01 genotype were determined.  

 

 
Figure 2: Glutenine quality bands in bread wheat genotypes. 

 

However, Aktaş (2010) found that Harmankaya genotype had 7+8 quality band in and 

Altay-2000 genotype had 2* quality band.  Table 2 shows that Altay-2000, Müfitbey, Es-26, 

Bezostaja-1 and Alpu-01 genotypes had the higher quality bands than the other genotypes. 

Studies showed that high rate of polymorphism were found in high molecular weight (HMW) 

components of glutenin subunits on Glu-A1, Glu-B1 and Glu-D1; significant and positive 

correlations were determined between presence of some bands and protein content. Most 

genotypes with 5+10 bands had high protein content. 

Correlations between characters are presented in Table 3. Positive and sinnificant 

correlations between harvest index and plant height, seed weight per spike and seed yield, 

chlorophyll content and seed yield, chlorophyll content and seed weight per spike, harvest 
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index and chlorophyll content, thousand seed weight and harvest index, test weight and 

harvest index, sedimentation and protein content, gliadin relative mobility and protein 

content, glutenine band score and protein content, gliadin relative mobility index and 

sedimentation, glutenine band score and sedimentation, test weight and thousand seed weight 

were determined. Bread wheat genotypes are practically evaluated for quality by taking into 

consideration four quality characters; protein content, sedimentation, thousand seed weight 

and test weight; quality of wheat is formed by quality and quantity of proteins (Wegrzyn and 

Waga, 2004). 

 

Table 3:  Correlations between characters in bread wheat genotypes. 

  Plant Height Seed Yield Seed Weight per Spike 

Seed Yield   0,315ns     

Seed Weight per Spike 0,405ns               0,915**   

Chlorophyll Content                  0,344ns              0,746**               0,805**  

Harvest Index                 0,548*               0,402ns               0,611*  

Protein Content                          -0,068ns  0,510ns              0449ns  

Sedimentation -0,307ns              0,417ns               0,029ns  

Thousand Seed Weight              0,536*               0,321ns               0,328ns  

Test Weight                   0,299ns               0,439ns               0,463ns  

Gliadin Relative Mobility              -0,046ns               0,436ns               0,461ns  

Glutenine Band Score              -0,250ns               0,421ns               0,404ns  

 Chlorophyll content Harvest Index Protein Content 

Harvest Index                 0,585*    

Protein Content              0,304ns               0,112ns   

Sedimentation -0,037ns               -0,010ns               0,857**  

Thou.Seed Weight              0,262ns               0,694**               0,137ns  

Test Weight                   0,443ns               0,632**               0,219ns  

Gliadin Relative Mobility              0,150ns              0,185ns              0,769**  

Glutenine Band Score              0,134ns               -0,056ns              0,931**  

 Sedimentation Thousand Seed Weight Test Weight 

Thousand Seed Weight              -0,028ns    

Test Weight 0,026ns               0,865**   

Gliadin Relative Mobility 0,899**  0,167ns  0,229ns  

Glutenine Band Score              0,925**                            0,033ns  0,184ns  

 Gliadin Relative Mobility   

Glutenine Band Score                             0,879**   

 

 

Moreover, the previous studies stressed significant correlation between grain yield and 

related characters such as, number of spikes, seed weights per spike and thousand seed weight 

(Pour Siahbidi etal., 2013). Bi-plot analysis showing similarities/dissimilarities in plant 

characters and bread wheat genotypes are given in Figure 3.  
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Figure 3: Bi-plot analysis denpting similarities/dissimilarities in traits and bread wheat 

genotypes. 

 

Plant characters were grouped in three. Plant height, harvest index, thousand seed 

weight and test weight occupied Group A. Seed yield,  seed weight per spike and chlorophyll 

content belonged to Group B, while quality characteristics, gliadin relative mobility index, 

protein content, glutenine band score and sedimentation created Group C. Besides, Yunus, 

Alpu-01, Sönmez-01 and Sultan-95 formed their single groups, I, III, IV and V. Group II had 

Es-26, Nacibey, Müfitbey, Harmankaya, Atay-85, Bezostaja-1 and Altay-2000 genotypes. 

 

4. Conclusion 

 

Significant differences between years and genotypes showed that genotypes are under 

genotype x environment interaction for agronomic and quality characters, and wide range of 

differences took place among genotypes for agronomic, quality, gliadin and glutenine 

electrophoretic profiles. Similar to our findings, large differences between genotypes for 

agronomic, quality characteristics; gliadin and glutenin subunits (Berezovskaya etal., 2005). 

The highest performances were taken from Altay-2000, Müfitney and Bezostaja-1 genotypes 

in seed yield, seed weight per spike, plant height, chlorophyll content, thousand seed weight, 

test weight, harvest index, protein content and sedimentation. Similarly, both genotypes had 

the highest gliadin relative mobility indexes and glutenine band scores. Gliadin and glutenine 

proteins were known as quality markers in bread making breeding programs (Allard, 1996; 

Branlard etal., 2001). Being free from environmental conditions, gliadin could be important in 

genotype identification (Ojaghi and Akhundova, 2010). Relationships between agronomic and 
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quality characteristics were mostly insignificant. But agronomic and quality characteristics 

had significant relationships with each other within their own. Significant correlations were 

found between electerophoretic subunits, agronomic characteristics (Branlard etal., 2001; 

Berezovskaya etal., 2005) Moreover, significant relationships between quality characteristics 

(protein and sedimentation) and gliadin and glutenine were found (Branlard etal., 2001; 

Berezovskaya etal., 2005). Similarly significant relationships were found glutenine, gliadin 

and quality characteristics in our study. Literatures found that significant variations in 

genotypes for quality characters and wide polymorphisms between gliadin and glutenin 

proteins occured (Branlard etal., 2001; Wegrzyn and Waga, 2004). Use of these protein 

markers will be very useful in genotype identification and growth type. Bezostaja-1 and 

Altay-2000 were found as high yielding and quality genotypes. Using and monitoring 

agronomic and quality characteristics will help to increase develop new genotypes having 

high yield and quality. 

 

5. References 

 

 

AKTAŞ, B. Characterization of some wheat (Triticum aestivum L.) varieties improved for 

arid conditions. PhD Thesis,  Ankara University,  Graduate School of Natural and Applied 

Sciences, Department of Field Crops. 2010. 

 

ANONYMOUS. http://www.fao.org. 2011. 

 

BEREZOVSKAYA, E.V.; TRUFANOV, V.A.; MİTROFANOVA, T.N.; KAZMİRUK, L.S. 

Protein markers of plant traits in breeding spring wheat for grain yield and quality.  Appied. 

Biochemystery Microbiology, v. 41, p. 121-126, 2005. 

 

BLUM, A. The effect of heat stress on wheat leaf and ear photosynthesis. Journal 

Experimental Botany, v. 37,  p. 111-118, 1986.  

 

BRANLARD, G.; DARDEVET,  M.; SACCOMANO, R.; LAGOUTTE, E.; GOURDON,  J. 

Genetic diversity of wheat storage proteins and bread wheat quality. Euphytica, v.  119, p. 59-

67, 2001. 

 

http://www.custoseagronegocioonline.com.br/
http://www.fao.org/


Determining differences between physiologic and, quality characters, gliadin and glutenin  

electrophoretic bands in bread wheat 

Olgun, M.; Yorgancilar, Ö.; Uzun, P.; Basciftci, Z.B.; Ayter, N.G.; Koyuncu, O.; Ardiç, M. 

Custos e @gronegócio on line - v. 11, n. 2 – Abr/Jun - 2015.                                         ISSN 1808-2882 

www.custoseagronegocioonline.com.br 

 

168 

DELCOUR,  J.A. Wheat flour constituents: how they impact bread quality, and how to impact 

their functionality. Trends in Food Science & Technology, v. 16, p. 12-30, 2005. 

 

DİMİTRİJEVIC, M.; KNEZEVİC, D.; PETROVİC, S.; ZECEVİC, V.; BOSKOVİC, J.; 

BELİC, M.; PEJİC, B.; BANJAC, B. Stability of yield components in wheat (Triticum 

aestivum L). Genetika, v. 43, n. 1, p. 29 -39, 2011. 

 

D’OVIDIO, R.; MACSI, S. The low-molecularweight glutenin subunits of wheat gluten. 

Journal of Cereal Science, v. 39, p. 321-339, 2004. 

 

DUPONT, F.M.; ALTENBACH, S.B. Molecular and biochemical impacts of environmental 

factors on wheat grain development and protein synthesis. Journal of Cereal Science, v. 38, p. 

133-146 , 2003. 

 

EVANS, L.T.; FISCHER, R.A. Yield potential: Its definition, measurement, and significance. 

Crop Science, v. 39, p. 1544-1551, 1999. 

 

EVRENDİK, F.; ASHER, J.B.; AYDİN, M. Diurnal photosynthesis, water use efficiency and 

light use efficiency of wheat under Mediterranean field conditions. Journal of Environmental 

Biology, v. 29, p. 397-406, 2008.  

 

FAROOQ, M.; WAHİD, A.; KOBAYASHİ, N.; FUJİTA, D.; BASRA, S.M.A. Plant drought 

stress: effects, mechanisms and management. Agronomy for Sustainable Development, v. 29, 

p. 185–212, 2009.  

 

JARADAT, A.A.; AJLUNI, M.M.; KARAKİ, G. Genetic Structure of Durum Wheat 

Landraces in a Center of Diversity. Proceedings... 5th International Wheat Conference 

Abstracts, p. 10-14, 1996.  

 

JOSHI A.K.; CHAND, R.; ARUN, B. Relationship of plant height and days to maturity with 

resistance to spot blotch in wheat. Euphytica, v. 123, n. 2, p. 221-228, 2002.  

 

http://www.custoseagronegocioonline.com.br/
http://link.springer.com/search?facet-author=%22R.+Chand%22
http://link.springer.com/search?facet-author=%22B.+Arun%22
http://link.springer.com/journal/10681
http://link.springer.com/journal/10681/123/2/page/1


Determining differences between physiologic and, quality characters, gliadin and glutenin  

electrophoretic bands in bread wheat 

Olgun, M.; Yorgancilar, Ö.; Uzun, P.; Basciftci, Z.B.; Ayter, N.G.; Koyuncu, O.; Ardiç, M. 

Custos e @gronegócio on line - v. 11, n. 2 – Abr/Jun - 2015.                                         ISSN 1808-2882 

www.custoseagronegocioonline.com.br 

 

169 

KANG, M.S. Genotype-By-Environment Interaction and Plant Breeding. Louisiana State 

University Press, Louisiana, 1990.  

 

MİRALİ, N. Heterogeneity within old and modern durum and bread wheat grown in Syria 

using the A-PAGE and SDS-PAGE electrophoretic techniques. Plant Varieties and Seeds, v. 

13, p.149-157, 2000.  

 

MUT, Z.; AYDİN, N.; BAYRAMOGLU, H.O.; OZCAN, H. Stability of some quality traits in 

bread wheat (Triticum aestivum) genotypes.  Journal of Environmental Biology, v. 31, p. 489-

495, 2010.  

 

NEVO, E.; PAYNE, P.L. Wheat storage proteins: diversity of HMWglutenin subunits in wild 

emmer from Israel. Geographical patterns and ecological predictability. Theoretical and 

Applied Genetics, v. 74, p. 827-836, 1987.  

 

OJAGHI J.; AKHUNDOVA, E. Genetic diversity in doubled haploid wheat according to the 

acid-PAGE method, morphological traits and baking quality. Turkish  Journal of Biology, v. 

34, p. 343-353, 2010.  

 

PELTONEN-SAİNİO, P.; JAUHIAINEN, L.; HANNUKKALA, A. Declining rapeseed yields 

in Finland: how why and what next? Journal of Agricultural Science in Cambridge, v. 145, p. 

587–598, 2007.  

 

PIREIVATLOU, A.G.S.; ALIYEV, R.T.; LALEHLOO, B.S. Grain filling rate and duration in 

breadwheat under ırrigated and drought stressed conditions.  Journal of Plant Physiology and 

Breeding, v. 1, n. 1, p. 69-86, 2011.  

 

POMERANZ, Y. Composition and functionality of wheat flour components. In: Wheat: 

Chemistry and Technology, St. Paul, USA, American Association of Cereal Chemists, p. 219-

370, 1988.  

 

POUR SİAHBİDİ, M.M.; POUR ABOUGHADAREH, A.R.; TAHMASEBİ, G.R.; 

TEYMOORİ, M.; JASEMİ, M. Evaluation of genetic diversity and interrelationships of agro-

http://www.custoseagronegocioonline.com.br/


Determining differences between physiologic and, quality characters, gliadin and glutenin  

electrophoretic bands in bread wheat 

Olgun, M.; Yorgancilar, Ö.; Uzun, P.; Basciftci, Z.B.; Ayter, N.G.; Koyuncu, O.; Ardiç, M. 

Custos e @gronegócio on line - v. 11, n. 2 – Abr/Jun - 2015.                                         ISSN 1808-2882 

www.custoseagronegocioonline.com.br 

 

170 

morphological characters in durum wheat (Triticum durum Desf.) lines using multivariate 

analysis.  International Journal of Agriculture and Crop Sciences, v. 3, n. 1, p. 184-194, 

2013. 

 

RUBENTHALER, G.L.; POMERANZ, Y. NIR spectra of HRW wheats varying widely in 

protein content and breadmaking potential. Cereal Chemistry, v. 64, p. 407–411, 1987. 

 

SCHULER, S.F.; BACON, R.K.; FİNNEY, P.L.; GBUR,  E.E. Relationship of test weight 

and kernel properties to milling and baking quality in soft red winter wheat. Crop Science, v. 

35, p. 949-953, 1995. 

 

SHEWRY, P.R.; TATHAM, A.S. Wheat. The Royal Society of Chemistry Cambridge CB4 

OWF, UK, p.  335–339, 2000. 

 

SİMOVA-STOİLOVA, L.; VASSSİLEVA, V.; DEMİREVSKA, K.; FELLER, U. Proteolytic 

activity in wheat leaves during drought stress and recovery. General and Applied Plant 

Physiology, v. 32, p. 91–100, 2006. 

 

TANAKA, H.; TOMİTA, M.; TSUJIMOTO, H.; YASUMURO, Y. Limited but specific 

variations of seed storage proteins in Japanese common wheat (Triticum aestivum L.). 

Euphytica,  v.132, p. 167-174, 2003. 

 

WEGRZYN, S.; WAGA, J. Genetic diversity of winter wheat cultivars and strains determined 

by electrophoregrams of gliadin and glutenin proteins. Plant Breeding and Seed Science, v. 

49, p. 51‑61, 2004.  

 

WIESER, H. Chemistry of glutenineproteins. Food Microbiology, Vol. 24, p. 115-119, 2007. 

 

ZİLLMAN, R.R.; BUSHUK, W. Wheat cultivar identification by gliadin electrophoregrams. 

II. Effects of environmental and experimental factors on the gliadin electrophoregrams. 

Canadian Journal of Plant Science, v. 59, p. 281-286, 1979. 

 

http://www.custoseagronegocioonline.com.br/

