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Glutenin Subunits and Some Quality Parameters
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ABSTRACT

High Molecular Weight Glutenin Subunits (HMW-GS) compositions of 122 genotypes
from bread wheat crossing block were investigated in terms of some quality traits such as
grain Protein Content (PC), Sodium Dodecyl Sulphate (SDS), the Particle Size Index
(PSI1), and Thousand Kernel Weight (TKW), by using SDS-PAGE. In total, 12 different
HMW-GS combinations were determined. Considerable diversity in terms of three Glu-
Al, Glu-B1 and Glu-D1 loci were identified. In Glu-Al locus, 1/2*, 1 and 2* alleles were
found with the frequency of 2.5, 12.3 and 85.5%, respectively. Whereas, in Glu-B1, out of
7 reported alleles, 7+8 (20.5%0) and 17+18 (17.2%) were detected. Existence of 2 alleles at
the locus Glu-D1 was revealed; in fact, 54.1% of them demonstrated the subunits 5+10
correlated with good bread making properties. The Glu-1 score of genotypes ranged from
6 to 10. Among the genotypes, only 23 (18.9%) had 10 Glu-1 quality score value. In the
evaluation using the Genotype-Traits (GT) Biplot graph, PC and PSI were involved in
section | while SDS sedimentation value and Glu-1 score were involved in section Il. On
the other hand, section 111 included the only TKW which was negatively associated with
other traits. The desired genotypes can be used for the crossing programs to improve

technological quality of bread wheat.
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INTRODUCTION

Wheat is one of the most important
products in the world with the due to its
ability to adapt to environmental conditions
and its use for a wide diversity of food
products (Shewry and Tatham, 1997). Also,
wheat is among the leading cereals in
Turkey (TUIK, 2014). Wild emmer wheat
(Triticum dicoccoides Korn ex Asch. and
Graebn.) Thell. is the wild progenitor of
domesticated wheat. Natural populations of
the species are confined to the Fertile
Crescent (Zohary and Hopf, 1993; Jaradat,
2011). Nowadays, Aegilpos speltoides,
Triticum  monococcum and  Triticum
dicoccoides grow spontaneously on the

basaltic rocky slopes of the Karacadag
Mountains in southeastern Anatolia. Bread
wheat improvement of south-eastern
Anatolia is mainly targeted to develop high
yielding, widely adapted and disease
resistant varieties; with inadequate emphasis
on grain quality. Different genotypes are
necessary in favourable environments and
breeder may contribute to the improvement
of yield and baking quality (Tarakanovas
and Ruzgas, 2007). In breeding programs,
the main objective is to improve the quality
of the germplasm bank in order to make it
possible to develop wheat with adequate
gluten strength and extensibility for bread-
making (Costa et al., 2013). Bordes et al.
(2008) have reported that wheat produced in
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different parts of the world differ greatly in
their actual protein qualities and quantities,
the quantity is affected mainly by
environmental factors, but the protein
quality is primarily a heritable characteristic.
Improvement of wheat genotypes with good
bread making quality is a most important
goal for many wheat breeders. Gluten,
which is a sub unit of protein, is responsible
for bread making quality (Branlard and
Dardevet, 1985). Gluten is a storage protein
found in the endosperm of the grain and
composed of two prolamine groups,
gliadins, and glutenin. Gluten is composed
of glutenins, which consist of Low- and
High-Molecular-Weight (LMW and HMW)
complex subunits and constitute about 30-
40% of flour protein (Kaya and Akcura,
2014). The quality of wheat flour for bread
making depends on the viscoelastic
properties of the dough, which are
influenced by the quantity and quality of the
gluten-forming storage proteins of the
endosperm. These proteins consist of two
classes, i.e. monomeric gliadins and
polymeric glutenins (Weegels et al, 1996;
Pfluger, 2007). Glutenin subunits can be
divided in two main groups: HMW-GS and
LMW-GS, based on the relatives mobilities
in SDS-polyacrylamide gel electrophoresis
(SDS-PAGE). Three different loci, located
on the long arms of group 1 chromosomes,
code for the HMW-GS Glu-A1, Glu-B1 and
Glu-D1. (Payne, 1987). The SDS-PAGE
electrophoresis test is a conventional method
utilized for separating protein components.
It allows the division of the subunits from
gluten proteins by detecting the glutenin
subunits of HMW-GS (Keser and Pena,
2004; Liang et al., 2010; Zheng et al., 2011).
Molecular studies have shown that the
HMW-GS have the highest effect on the
rheological properties of dough and bread-
making quality (Zheng et al, 2011;
Hernandez et al., 2012). He et al. (2005)
reported that the alleles 1 and 2* of Glu-Al
have been discovered to have a better effect
on bread-making quality when compared to
a null allele. The 5+10 alleles of the Glu-D1
have been correlated with higher dough

1394

strength, while the 2+12 alleles have been
correlated with low bread-making quality
(Gianibelli et al., 2001). Payne et al. (1987)
have identified a score of each HMW-GS
which allowed a statistical evaluation of the
amount of variation in bread-making quality
attributable to the HMW-GS. For British-
and Spanish-grown wheat cultivars, 47 and
68%, respectively, of the variation in quality
is directly related to Glu-1 score (Payne et
al., 1987; Payne, 1988). For Canadian-
grown wheat, 59-69% of the variation in
bread-making quality is directly related to
this score (Lukow et al., 1989). The
objectives of this research were to: (i)
Determine the interrelationship among
wheat traits using GT biplot procedure, and
(i) Provide information on HMW-GS
variation of wheat (Triticum aestivum L.)
breeding lines and cultivars. This will
benefit the improvement of wheat quality in
breeding programs.

MATERIALS AND METHODS

In this study, 122 wheat (Triticum
aestivum L.) genotypes (14 of which were
registered as cultivars of Turkey, 15 of
which were local and 93 were from foreign
lines) from the crossing blocks of the bread
wheat breeding program were used. The
genotypes are listed in Table 3. The
experiment was located at Diyarbakir,
Turkey, with an altitude of 602 m; clay loam
soil and with a mean annual rainfall of 501
mm. The seeds were sown in experimental
field of GAP-IARTC in the city of
Diyarbakir, Turkey in 2001-2002 growing
season. The plots were fertilized with 60 kg
N ha® and 60 kg P,Os ha™ at the planting
and 60 kg N ha™ in spring at stem elongation
for drought conditions. Grain Colour (GC),
Thousand Kernel Weight (TKW), grain
Protein Content (PC), and Particle Size
Index (PSI) for each wheat genotype were
determined by the method of Williams et al.
(1988). SDS-sedimentation volume was
determined according to the method
described by Pena et al. (1990).
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SDS-PAGE Electrophoresis

Seeds crushed into a fine powder were
used to extract the endosperm storage
proteins. Electrophoresis of glutenins was
performed on vertical gel according to the
SDS-PAGE protocol described by Singh et
al. (1991) and fractionated in vertical SDS-
PAGE slabs at a polyacrylamide
concentrations of 8 and 10% (w/v, C:
1.28%) with and without 4 M urea according
to Lafiandra et al. (1993). Electrophoresis
was applied at a constant current of 30 mA
gel™ at 18°C. After 18 hours, the gels were
stained in 12.5% (wi/v) trichloroacetic acid,
0.01% (w/v) Coomassie Brilliant Blue R250
and distained with distilled water (Akhtar et
al., 1994). The HMW -GS were identified
using the numbering system of Payne and
Lawrence (1983). Quality and HMW-GS
analysis were made by Field Crops Central
Research Institute laboratory. The Glu-1
score was calculated according to the
catalogue of alleles for HMW-GS (Payne et
al., 1987) (Table 1).

Statistical Analysis

The Genotype Trait (GT) biplot method,
as described by Yan and Rajcan (2002), was
established by plotting the First Principal
Component (PC1) scores of the genotypes
and the traits against their respective scores
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for the Second Principal Component (PC2).
The correlation coefficient between any two
traits was approached by the cosine of the
angle between their vectors. Acute angles
indicated positive correlations, wide angles
negative correlations, and right angles no
correlation. A short vector may suggest that
the trait is not related to other traits
(Mohammadi and Amri, 2011). The biplot
method presented in this study was
generated using Gen Stat 12" statistical
software (Payne et al., 2009).

RESULTS AND DISCUSSION

Physicochemical Characterization of the
Wheat Grains

The results obtained by evaluation of grain
quality are summarized in Tables 1 and 3.
Williams et al. (1988) reported that bread
wheat quality may be classified by its PC as
very low (< 9.0%), low (9.1-11.5%),
medium (11.6-13.5%), high (13.6-15.5%),
very high (15.6-17.5%), and extra high (>
17.6%). In this study, the genotypes mean
values of PC ranged from 9.3-16.1%, PSI
from 33.9 to 80.5%, SDS sedimentation
values from 13.0 to 34.0 mL, TKW from
25.1t0 42.2 g. The HMW-GS play the major
role in determining the functional properties
of flour and dough (Shewry and Jones,
2012). The SDS-sedimentation volume

Table 1. HMW-GS compositions, PSI, TKW, PC, GC and SDS-sedimentation volume of 122 wheat

genotypes at the three loci.

Subunits PS1% TKWg' PC% SDSmlI' Redgrain%  White grain%

Glu-Al 1 59.2 31.3 13.2 27.3 375 62.5
2* 56.7 32.2 13.0 24.5 49.5 50.5
1/2* 59.7 29.4 13.2 23.0 33.3 66.7
13+16 55.4 31.9 12.9 24.0 33 67
17+18 55.8 31.0 12.6 27.0 19 81

Glu-B1 6+8 68.9 33.2 12.2 23.4 40 60
7+8 60.6 31.3 13.4 24.5 44 56
7+9 54.8 324 13.1 24.7 52.8 47.2
7 59.7 32.7 13.0 23.3 77 33
7+8/7+9 54.2 32.5 12.8 24.0 100 0

Glu-D1 5+10 55.8 31.8 12.8 25.3 51 49
2+12 58.7 32.1 13.2 24.3 41 59
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correlated with the amount of total HMWG
subunits and individual HMWG subunits
(Kanenori et al., 2003). Also, Tahir (2009)
reported that the SDS sedimentation volume
correlated with the amount of total HMW-
GSs and individual HMWG subunits. Some
subunits were positively correlated, and the
others were negatively correlated with
sedimentation volume (Seilmeier et al.,
1991). The HMW subunits play the major
role in determining the functional properties
of flour and dough.

Composition of HMW-GS

Allelic variations at Glu-1 loci in wheat
samples separated by SDS-PAGE are
represented in Tables 1, 2, and 3. From all
genotypes, 12 different subunits of HMW-
GS were observed. While the most frequent
patterns were 2*, 7+8, 7+9, 5+10 and 2+12,
other subunits were found less frequent. The
HMW-GS of all of the genotypes (Table 2)
were found to have three allelic variations in
Glu-Al [subunits 2* (85.5%), 1 (12.3%),
and 1/2* (2.5%)], seven in Glu-B1 [subunits
749 (45.1%), 7+8 (20.5%), 17+18 (17.2%),
7 (9%), 13+16 (6%) and 6+8(4.1%)], and
two in Glu-D1 [subunits 5+10 (54.1%),
2+12 (45.9%)]. The two major alleles at the
Glu-D1 locus, 5+10 and 2+12, have
repeatedly shown a contrasting effect on
quality traits (Gupta et al., 1994; He et al.,

2005; Guzmén et al., 2016). Whereas,
correlations and genetic studies of HMW-
GS (Pogna et al., 1986; Payne et al., 1987)
established subunits with both positive
(5+10) and negative (2+12) effects on bread
making quality.

The Glu-1 quality score of the genotypes
varied from 6 to 10 (Table 2). The scores 9
and 10 were the most frequent due to the
higher frequency of 2* allele in Glu-Al, 7 +
9 alleles in Glu-B1, and 5+10 alleles in Glu-
D1. Thus, Costa et al. (2013) reported that
there was a positive correlation between the
Glu-1 quality score and the volume of
sedimentation (r= 0.521) and the TKW (r=
0.510).

The mean values of quality parameters of
the genotypes grouped by individual
glutenin subunits are demonstrated in Table
3. At locus Glu-Al, the genotypic groups
possessing subunits 1 and 2*; at locus Glu-
B1, subunits 17+18 showed higher values of
wheat on SDS sedimentation value than the
other group of subunits. Also, subunits 1 and
2*, therefore, have positive effects on the
dough strength parameters (Liang et al.,
2010). These results agree with those of
Lukow et al., 1989; Keser and Pena, 2004,
and Yildiz, 2011. Within the Turkish
commercial varieties, “Bezostaya, Gerek-79,
Pehlivan, Dagdas-94 and Gin-91” are
mostly grown in winter zone of Turkey and
these varieties have 2*, 7+9, 5+10; 2*, 7+8,
2+12; 2*, 7+9, 2+12; 2*, 7+8, 5+10; 2*,

Table 2. Glu-1 quality score and allele frequencies of HMW-GS studied by SDS-PAGE in bread wheat

genotypes.
Locus HMW-GS Frequency % Glu-1 score
Glu-Al 1 15 12.3 3
2% 104 85.5 3
1/2* 3 2.5 3
Glu-B1 17+18 21 17.2 3
7+8 25 20.5 3
13+16 6 4.9 3
7+9 55 45.1 2
7 9 7.4 1
6+8 5 4.1 1 (Poor)
7+8/7+9 1 0.82 -
Glu-D1 5+10 66 54.1 4 (Good)
2+12 56 45.9
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Table 3. Pedigree, quality traits, HMW-GS and Glu-1 score of the 122 bread wheat genotypes evaluated.

No  Name Orig GC PSI TKW PC SDS HMW-GS Glu-1

% g' % ml* Glu-Al Glu-Bl Glu-D1 SCore”
507 299 108 25 2%  13+16 5+10 10

Gl  Kirkpinar-79

G2  Cumhuriyet-50-1 L 565 39.1 103 25 2* 17+18 5+10 10
G3  Gerek 79 766 30.0 131 27 2* 7+8 2+12 6
G4  Dagdas-94 58.1 31.8 13.7 23 2* 7+8 5+10 10
G5 Gun-91 62.7 28.9 137 34 2* 17+18  5+10 10
G6  Kinac1-97 714 272 135 26 1 7+8 5+10 10
G7  Pehlivan 585 422 13 30 2* 7+9 2+12
G8  Bezostaja-1 344 357 121 26 2* 7+9 5+10
G9 Katae A-1 520 314 123 28 1 7+8 2+12
G10 Malabadi 50.7 28.0 122 29 2* 17+18  2+12
Gl11 Gemini 555 28.2 129 21 2* 7 2+12

G12 Flamura-85

G13 Yiiregir-89

G14 Nurkent

G15 Seyhan-95

G16 Kirmizi Bugday
G17 Agdenli

G18 Disbudak

G19 Cumakalesi

G20 Isimsiz

G21 Isimsiz

G22 Beytiilsebap-Beyaz
G23 Buhare-Beytiilsebap
G24  Sirnak

G25 Beytiilsebap- Kirmizi
G26  Lanchester-Kiziltepe
G27  Akbasak-Malatya
G28  Zerun-Malatya

G29 Asure

G30  Serdari

G31  Seving-Azeri

G32 Cham6 (S/F)

G33  Ykt-406

G34 Partizanka

G35 Zg.1004-82

G36 Sremica

G37 Mv-4

G38 Emu/Rmn

G39 Kanred/Funo

G40 Tamw-105

655 352 14 28 2% 7+8 5+10
542 340 125 30 2% 17+18  2+12
59.0 30.2 125 22 1/2* 17+18 2+12
572 296 129 24 2* 7+9 5+10
542 325 128 24 2% 7+8/7+9 5+10
427 296 111 25 2% 17+18  2+12
623 378 142 26 2* 7 2+12
49.0 284 123 27 2% 17+18  5+10
60.2 29.9 149 25 2% 17+18  2+12
641 382 132 18 2* 7+8 2+12
702 283 139 15 2* 7+8 2+12
639 263 165 26 2* 7+8 2+12
718 340 141 20 2* 7+8 2+12
702 318 144 25 2* 7 2+12
613 33.7 135 28 2% 13+16  5+10
69.6 38.1 143 22 2* 7+8 2+12
69.6 320 14.6 30 2% 7+8 2+12
708 328 144 26 2* 7+8 2+12
73.0 408 122 20 2* 6+8 2+12
611 329 145 18 2* 7+8 2+12
625 29.6 108 27 2* 6+8 2+12
39.1 325 12 24 2* 7+8 2+12
516 349 116 27 2* 7+9 5+10
575 37.0 131 18 2% 7+9 5+10
56.4 30.7 144 30 2% 7+9 5+10
43.0 351 127 30 1 7 2+12
522 328 128 25 2* 7+9 5+10
523 348 119 23 2* 7+9 5+10
46.4 255 131 21 2* 7+8 5+10

G4l Cleo-74 589 31.7 119 26 2* 7+8 5+10
G42 Anza 471 286 122 24 2* 7+8 2+12
G43  Festa 613 330 14 32 2* 7+9 5+10
G44  Vilmorin 23 (W) 738 279 146 25 2* 7+8 2+12
G45 Emu"s" 523 346 12 24 2* 7+8 2+12

G46  Nacozari-76

G47 Fengang-15

G48  Ildiko/F.29-76
G49 Mini Mano

G50 Falcon

G51 Mol

G52 Pvn 1R (1B)

G53  Heines Kolben (S)
G54  Clement (W)

G55 Au

G56 Pj-62/Abn-43
G57  Nai-60/Hn-7//Buc

39.2 297 121 24 2* 17+18  2+12
428 30.0 118 30 2* 7+8 2+12
68.8 341 125 18 2* 7 5+10
609 34.7 145 13 2% 7+9 2+12
69.0 350 121 23 2 17+18  2+12
569 25.7 135 29 1 17+18  2+12
613 253 138 27  1/2* 7+9 5+10
743 292 152 27 1 7+9 5+10
764 291 133 18 2* 6+8 2+12
50.1 345 138 20 2* 7+9 2+12
45.0 306 124 24 2* 7+9 5+10
48.8 348 124 24 2* 7+9 5+10

MO AT AN ATN AN AN AN AN A AN AN Cr-rrCrCrrCrCCrr 0000000000000 WO
STV I VSESST IV VI DSENSSTVS OOV VDEDSSSSSTIARASSSSPVESISSSTVISVVDIDVSSESS
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Table 3 continued...
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No Name Orig GC PSI TKW PC SDS HMW-GS Glu-1
% g' % ml' Glu-Al Glu-BL Glu-D1 Score”
G58 Mit F R 46.0 252 125 22 2% 7+8 5+10 10
G59 138.1.2/Nad//Bez/3/Coc F R 56.1 36.7 117 25 2% 6+8 5+10 8
G60 Lee/Kkz/3/Cc//Ron/Cho F W 528 285 118 24 2% 7+8 5+10 10
G61 Buc"s"/Pvn"s" F W 480 339 112 25 2% 7+9 2+12 7
G63 Line.1280-170/Nar-79 F W 459 338 123 34 2% 7+8 2+12 8
G64 Gvz/Gv F W 473 326 121 32 1 17418 5+10 10
G65 S.Sfm//Soty/In(3) F R 447 322 118 30 2% 7+9 5+10 9
G66 Carpentero/Carp F R 339 324 118 26 2* 7+9 5+10 9
G67  Prl's" F W 430 333 107 29 2% 7+9 2+12 7
G68 C.183-24.C.168/3/Cno/7C*2//Cc/Tob F w 352 361 106 22 2% 7+9 5+10 9
G69 C.182-24.C.168/3/Cno/7C*2//Cc/Tob F W 394 323 109 24 2% 7+9 5+10 9
G70 Gen/Pew"s" F K 405 317 117 24 2% 7+9 5+10 9
G71 Nac/Trm F W 377 295 115 25 2% 17+18  2+12 8
G72  Jup/Bjy"s"//Ures=Kauz"s" F W 579 280 126 20 2* 7 5+10 9
G73 Mn-72131/Mor"s" F W 627 327 131 26 2% 7 5+10 9
G74  Chr/4/Inia"s"/7C//ICno"s"/GII/3/Pci"s"/lBb F W 476 31.7 126 21 2% 7 2+12 6
G75 857 F W 735 324 147 28 2% 7+8 2+12 8
G76 85-19 F W 704 270 124 24 2% 17+18  2+12 8
G77 (N-10/B-1) F R 620 338 14 22 2% 7+9 2+12 7
G78 Brg/Kkz F R 581 336 145 15 2% 7+9 2+12 7
G79  Edch/Cfn"s"//Au/Era F W 592 307 136 18 2% 7+9 2+12 7
G80  Asp"s"//Hys/Peep"s" F R 697 330 131 33 2% 7+9 2+12 7
G81 Prl"s" F W 560 319 13 25 2% 7+9 5+10 9
G82  Prl"s"//Car-422/Ana F W 628 321 137 26 2% 7+9 5+10 9
G83 Bow™'s" F W 685 304 93 24 2% 7+9 5+10 9
G84  Dove"s"/Bow"s" F W 509 316 129 24 2% 17+18 5+10 10
G85 Rbs/Anza/3/Kvz/Hys//Ymh/Tob/4/Bow"s" F W 534 30.2 133 25 2% 7+9 2+12 7
G86 Rbs/Anza/3/Kvz/Hys//Ymh/Tob/4/Bow"s" F W 500 28.1 139 24 2* 7+9 2+12 7
G87  Rbs/Anza/3/Kvz/Hys//Ymh/Tob/4/Bow"s" F W 584 26.7 13.7 26 1 7+9 2+12 7
G88 Bow'"s"/Vee"s" F W 581 340 135 26 2* 7+9 2+12 7
G89  Tr.380-16-3A614/Chat"s" F W 554 351 13 25 2% 7+9 2+12 7
G90 Nac F.76/Ald"s" F W 535 313 134 28 2% 17+18 5+10 10
G91 Gh"s"/Anza F W 649 359 136 23 2% 17+18 5+10 10
G92 Br-6427 F R 587 349 133 30 2% 17418 5+10 10
G93  Anza/3/PyNar//Hys/4/Vee"s" F R 552 275 131 25 1 7+9 2+12 7
G94  Buc"s"/[7c/Ald"s" F W 602 359 124 30 1 7+9 5+10 9
G95 Bow's"/Vee"s"/[71 St 2959/Crow"s" F R 586 251 143 25 2% 7+9 5+10 9
G96  Ns.732/Her F W 602 339 126 20 2% 17+18  2+12 8
G97  Ures/Bow"s" F W 574 370 127 27 1 7+9 5+10 9
G98 Buc"s"/Dga//Hpo"s" F R 656 311 132 26 2% 7+9 5+10 9
G99 Hahn"s"/Mji//Lira"s" F W 596 322 151 27 1 7+9 5+10 9
G100 Kauz's" F W 592 344 151 22 2% 7+9 2+12 7
G101 Myna"s"/3/F 35.70/Mo//Nac F R 592 299 131 22 2% 7+9 5+10 9
G102 Ns.732/Her F R 592 301 122 22 2% 7+9 5+10 9
G103 Chen/Aegilops squarrosa (Taus)//Bcn F W 588 326 133 20 1/2* 7+9 5+10 9
G104 Chen/Aegilops squarrosa(Taus)//Bcn F W 671 333 135 28 2* 7+8 5+10 10
G105 Era/Chm//Sal.75/3/Cndr"s"/Ana//Cndr's" F R 509 310 129 22 2% 13+16 5+10 10
G106 Au//Kal/Bb/3/Bon/4/Bow"s" F R 559 307 14 28 2% 7+9 5+10 9
G107 Dowe"s"/Tsi/5/Gu/4/D.6301/Nai//Wrm F R 525 345 126 22 1 13+16  2+12 8
G108 FIk"s"/Hork/6/Wa.4767/391//56D.811453 F W 708 30.9 11.7 30 1 17418 5+10 10
G109 Kvz//Cno/Pj.62/5/Tuc"s"/4/Tob/Cc//Pato/ F R 61.4 136 32 2* 7+9 5+10 9
G110 Kvz/Pak.20/5/Maya-74"s"/On//11 60- F W 548 341 146 28 1 7+9 5+10 9
G111 Au//Kal/Bb/3/Bon/4/Kvz//Cno/Fj-62 F W 805 304 135 22 2% 748 2+12 7
G112 Kvz/Pak.20/5/Maya-74"s"/On//11 60-147/ F R 575 354 138 19 2% 7+9 5+10 9
G113 Sn.64/Hn.4//Rex/3/Edch/Mex/4/SIs"s"/ F W 566 356 129 21 2% 7+9 5+10 9
G114 Ures.81//Hd.2206/Hork"s" F W 459 336 142 23 2% 7+9 2+12 7
G115 Cnol/Lr/Son.64/3/Rbs 47.51/47 F R 647 319 134 30 2% 17+18  2+12 8
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Continued of Table 3.

JAST

No Name Orig GC PSI TKW PC SDS HMW-GS Glu-1
% g' % ml* Glu-Al Glu-Bl Glu-D1 SCOre*
G115 Cnol//Lr/Son.64/3/Rbs 47.51/4/7 F R 647 319 134 30 2% 17+18  2+12 8
G116 Kasyon/Glennson.81 F R 572 345 134 26 2* 7+9 5+10 9
G117 Sn.64/Hn.4//Rex/3/Edch/Mex/4/SIs"s"/5/ F W 628 332 142 24 2% 13+16  5+10 10
G118 Au//Kal/Bb/3/Bon/4/Bow"s" F R 600 285 14 23 2% 7+9 5+10 9
G119 Seri-82/5/Ald"s"/4/Bb/GII//Cno.67/7cl//Kvz F W 575 295 129 20 2* 7+9 5+10 9
G120 Sn.64/Hn.4//Rex/3/Edch/Mex/4/SIs"'s"/5/Bo F W 544 291 133 23 1 13+16  5+10 10
G121 Vee"s"//Sannine/Ald"s" F W 623 279 133 32 1 17+18  5+10 10
G122 Vee"s"/5/Skh.8/4/Rrv/Ww.15/3/Bj"s"//On* F R 528 28.0 142 23 2* 7+9 5+10 9
Means 57.1 320 13.0 249
Sd 9.71 3.31 159 3.99

*According to the Payne and Lawrence nomenclature (1983), BL: Breeding Line; C: Commercial; F:
Foreign; GC: Grain Color; W: White; R: Red; PSI: Part Size Index; TKW: Thousand Kernel Wight, SDS:

Sedimentation volume.

17+18, 5+10, respectively. Bezostaya is
accepted as high quality variety, while
Gerek-79 is accepted as medium quality by
milling and baking industry (Demir et al.,
2015). In  Turkish commercial winter
varieties, subunit 5+10, associated with good
bread-making quality, appeared to have
higher frequencies than in Turkish spring
varieties.

Additionally, quality scores were assigned
to each subunit band produced by alleles at
the Glul loci of chromosomes A, B, and D
as defined by Payne et al. (1987). Quality
scores demonstrated high  significant
correlation with dough strength, thus,
providing a useful method for selecting
HMW glutenin compositions with good
guality (Belderol et al., 2000). In order to
predict the bread-making quality of wheat
genotypes, Glu-1 score was calculated for
the wheat genotypes on the basis of HMW
glutenin  subunits detected. Our data
demonstrated that the Glu-1 score in Turkish
commercial wheat varieties varied within an
interval from 6 to 10. The lowest Glu-1
score was recorded in cultivars Gemini,
Pehlivan and Gerek-79. However, the
cultivars Dagdas-94, Giin-91, Kinac1-97 and
Flamura-85 accounted for the highest Glu-1
score, reflecting high baking quality (Table
3). These results are in accordance with
those reported by Keser and Pena (2004);
Demir et al. (2015), and Yildiz (2011).
Within local genotypes, the highest value of
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Glu-1 score was achieved by Cumakalesi,
while Digbudak showed the lowest score
value (Table 3).

Principal Component Analysis

The Genotype-by-Trait (GT) biplot is a
statistical tool for evaluating cultivars based
on multiple traits and for identifying lines
that are superior (Mishra et al., 2015). The
GT biplot explains superior genotypes with
favourable traits effect which would be
useful for the breeding of new genotypes for
each target entry, thus, it will help breeders
explore the interactions among entries and
subsets of tester (Dehghani et al., 2008).
Also, GT biplot was built to identify the
genetic variability and the relationships
among wheat genotypes.

Figure 1 represents polygon view of a GT
biplot generated from 4 quality traits and
Glu-1 score of 122 genotypes data. Biplot
analysis was used to examine the
relationships between the genotypes and
quality traits studied together with Glu-1
score (Figure 1). The first two PCAs
(Principal Components 1 and 2) accounted
for 56.17% (PCl= 31.98% and PC2=
24.19%) of the relationships between the
genotypes and quality traits. The PC, PSI
and Glu-1 score had long vectors, suggesting
that there was a relatively large variation
among genotypes. In contrast, TKW and
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Figure 1. The biplot showing the relation among genotypes and quality traits.

SDS had shorter vectors, suggesting that
there were relatively little variation among
genotypes. The cosine of the angle between
the vectors of two traits measures the
correlation between them relative to their
variation among genotypes. Two traits are
positively correlated if the angle between
their vectors is < 90°, negatively correlated
if the angle is > 90°, and independent if the
angle is 90° (Dehghani et al., 2012).
Therefore, Glu-1 score and SDS had acute
(< 90°) angles between them, demonstrating
that their variations were similar. On the
contrary, TKW had obtuse (> 90°) angles
with Glu-1 score, SDS, PC and PSI,
indicating negatively correlated variation.
Traits were grouped into three sections and
are presented in Figure 1. Protein Content
(PC) was positively correlated with PSI at
section 1. Salmanowicz et al. (2012)
reported that the relationship between grain
hardness and PC was uncertain. Section Il
included Glu-1 score which was strongly
correlated with SDS sedimentation. These
were in agreement with results of Schuster et
al. (1997) that reported positive and
significant relationship between Glu-1 score
and SDS sedimentation test and baking
strength ("W"). Therefore, Glu-1 score can
be used as a helpful guide in selection for
bread-making quality in the first generation
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of the breeding programs, when quantities of
seeds necessary for the conventional test are
not available (Schuster et al., 1997). Section
Il included the only TKW which was
negatively associated with other traits. Our
findings were in agreement with results of
Sahin et al. (2001) and Akgura (2011). In a
previous study, O’Brien and Ronalds (1984)
reported negative relationship between
TKW and Zeleny SDS sedimentation test
and PC. The Genotype by Trait (GT) biplot
can be used to compare cultivars on the
basis of multiple traits and to identify
cultivars that are particularly good in certain
traits and, therefore, can be candidates for
parents in plant breeding program
(Dolatabad et al., 2010). Figure 1 is a GT
biplot with a polygon view that presents the
data of 122 wheat genotypes. It seems that
G121, G58, Cumakalesi, and G64 had the
highest values of Glu-1 score and SDS; G44,
G75, G22 and G114 had the highest values
of PC and PSI. Also, Figure 1 indicates that
Pehlivan and G74 were highest in TKW.

CONCLUSIONS

This study concerning HMW-GS and
some quality traits evaluation of local, old,
and new genotypes and breeding lines
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revealed that bread wheat (Triticum
aestivum L) crossing blocks have potential
value in wheat breeding programs. Twenty
three of the studied genotypes with the
highest ranking in HMW Glu-1 score (Glu-1
score> 10) have the potential for breeding
wheat varieties with higher protein quality.
The Glu-1 quality score can be used as a
parameter for selecting lines in terms of the
baking quality of bread in Turkish wheat
breeding programs.
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