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High molecular weight glutenin subunits (HMW-GS) affected greatly the quality of wheat flour due to
visco-elastic properties of wheat dough. The searching for encoded genes of HMW-GS in adapted
landraces may be valuable for improving wheat. Thus these studies planned to explore variation among
eleven Egyptian land races (LRs) along to five improved varieties of bread wheat for HMW-GS
composition using PCR based DNA. Three markers included UMN19 (with two alleles, Ax2*, Ax1 or Ax
null) at Glu-Alin addition toUMN25, UMN26 two markers (with four alleles Dx2, Dx5, Dy10 and Dy12in
locus Glu-D1) were used. Samples of grain and flour of genotypes were used for determine particle size
index % (PSI), falling number/sec. (FN), wet gluten % (WGL) and total protein percentage (PRO).PCR
amplification of HMW genes in all genotypes was polymorphic by using UMN19 and UMN26 markers.
Allelic variation of Ax2* was detected in all cultivars and other three races (LR1, LR10 and LR 11). LR2
possesses an unique band of Ax1 allele in all genotypes. Index of quality (IQ) and selection index (SI)
based on HMW-GS and phenotypic performance, respectively were used for assessing the potentiality
of wheat genotypes. The ranks of genotypes for both indices were positively significant correlation. Only
FN showed positive significant rank correlation with both indices. The utilized markers may be useful for
determining HMW-glutenin allele (s) for improving bread making quality of studied genotypes. The
investigated wheat landraces could be of great benefit for breeding new cultivars possessed high flour
quality.
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INTRODUCTION

Wheat (Triticum aestivum L.) is considered
one of the most cereals globally grown due to
grains flour properties. In Egypt, the limitation of
acreage and losses due to storage conditions
affected negatively the production efforts and
quality. Wheat landraces have advantage over
wild relatives of being more easily crossed with
cultivated genotypes and enrolling varietal
improvement efforts (Ayala et al. 2013; Caballero
et al. 2010).Bread wheat quality components
reported to be governed by major genes as
complex traits, which affected by glutenin
properties specially the high molecular weight

(HMW) subunits of storage proteins in grains
(Anjum et al.2007).The HMW-GS are encoded by
Glu-1 loci (GluAl, GluB1 and GluD1l) and
expressed to highly visco-elastic of dough
characteristics (Liu et al. 2008). Therefore,
glutenin subunits affect protein fraction and
generally positively related to total protein content
of wheat flour (Perten et al. 1992 and Duska et al.
2001).Previous studies were accomplished the
screening of glutenin subunit via electrophoresis
SDS-PAGE (Payne et al. 1981; Shewry et al.
1992). On the other hand using polymerase chain
reaction (PCR) approach based on DNA glutenin
genes considered an alternative method which
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seemed to be easy, quick and non-destructive
procedures for screening genotypes with proper
bread making quality as reported by Ahmad
(2000).PCR-based functional markers developed
from gene sequences provide accurate and high
throughput data for determining allelic
compositions in breeding materials (Bagge et al.
2007; Liu et al. 2012).Moreover, Marker assisted
technigues may be used indirectly to asses wheat
quality traits and independent of environmental
conditions(Gale, 2005).

Six selection indices were suggested to
evaluate the genetic potentiality of wheat lines for
quality (Branlard et al.1991). Three of which
established to evaluate dough strength of Chopin
alveograph, whereas the other three ones
measure loaf volume according to French bread-
making standard. They calculated a Index of
quality 1Q from the allelic effects of HMW subunits
of glutenin, and is similar to the gluten score
suggested by Payne et al. (1987).The exploring of
an ideotype possesses genes for productivity,
quality and tolerate various stresses is the wise
strategy for building wheat varieties (Gomaa
1999).The determination of the targeted
characteristics of available landraces to inclusion
in variety building program depended greatly on
précising and accelerating in evaluation
processes.Therefore, the present investigation
was planned to evaluate five Egyptian improved
bread wheat genotypes along to eleven landraces
for different baking quality traits in relationship to
some functional markers of HMW subunits via
specific PCR based DNA.

MATERIALS AND METHODS

Plant materials and procedures of bread
quality traits

Sixteen Egyptian bread wheat genotypes
including five improved cultivars and eleven
landraces were studied. The improved (varieties
included Misrl, Misr2, Sedsl, GemmeizalO and
Sakha93 were obtained from  Agricultural
Research Center (ARC), Giza. However, the
eleven land races were kindly provided by
National Gene Bank (NGB), which were collected
mostly from desert regions of Egyp Two field trials
were conducted at the Agricultural Experiments
and Research Station, Faculty of Agriculture,
Cairo University, Giza, during 2013/2014 and,
2014/2015 seasons. At harvest, random
duplicate-samples of grains and result flour were
studied for quality traits and considered as
completely randomized design (CRD).The four

quality traits were determined using duplicate 200
g of harvested grains. Such analyses were kindly
carried out at Chemical and Cereal Technology
Laboratory, Food science Department, Faculty of
Agriculture, Cairo University. Particle size index
(PSI %) indicates the relative hardness by
grinding and sieving according to method No. 55-
30 of AACC (2000). Protein content (PRO %) was
determined according to the ratio of total nitrogen
into grains (N x 5.7) by Kjeldahl method. Falling
number (FN) or alpha amylase activity
(soundness) was determined by “Falling No.1600”
according to method No.02-06 of AACC (2000).
Gluto-matic traits involved wet gluten (WGL %).
obtained by forming dough refer to AACC (2000)
No. 38-12.02.

DNA extraction and PCR procedures.

The molecular genetics procedures were carried
out at Cairo University Research Park (CURP) at
Faculty of Agriculture. The genomic DNA was
extracted from fresh leaves by added liquid
nitrogen into seedlings (after month of sowing
date) of wheat genotypes, and used CTAB
method according to Poresbski et al. (1997).Three
specific primers (Table 1) according to Liu (2008),
obtained from Vivantis Company (Selangor Darul-
Ehsan, Malaysia.), were used to amplify the
template  DNA. Amplification reaction volumes
were 25pl containing 12.5ul Master mix (MyTaq™
Mixcat no.BIO-25041 Bioline Company)
lplprimers (10uM each), 100 ng / mg template
DNA up to 25pINuclease-Free water. PCR
program for the reaction mixtures was: 95 °C for 5
min, followed by 40 cycles (at 95 °C during30
sec., ats57 °C 30 sec. and 72 °C 30 sec.). This
program was followed by a final extension step for
10 min. at 72 °C. Amplified PCR products were
separated and visualized on 1.5% agarose gel
electrophoresis.

Statistical analyses

The obtained data of quality traits were subjected
to regular analysis of variance of CRD using
MSTAT-C software and Duncan's multiple range
test at 0.05 level. Combined analysis over to
seasons was carried out after test the
homogeneity of error mean squares. Index of
quality (IQ) based on HMW-GS of a wheat
genotype was computed as the pooled of quality
coefficients (Y;) attributed to the HMW-GS alleles
belonged to the three loci Glu-Al, Glu-B1 and
Glu-D1of this genotype.
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Fig.l. Sites of collection the studied eleven land races in Egypt corresponded by the accession
number of NGB, but inside circles the serial number used in the article

Table 1.Loci, names and primer sequencing of DNA markers used to amplify HMW
glutenin subunits for wheat genotypes (Liu 2008).

Locus Marker primer sequence(5'—3’) Allel name & size
(bp)
Glu-Al UMN19 F CGAGACAATATGAGCAGCAAG | Ax2* (344)
UMN19 R CTGCCATGGAGAAGTTGGA Ax1,Ax-null(362)
Glu-D1 UMNZ25 F GGGACAATACGAGCAGCAAA Dx2 (299)
UMN25R CTTGTTCCGGTTGTTGCCA Dx5 (281)
Glu-D1 UMNZ26 F CGCAAGACAATATGAGCAAACT | Dy10 (397)
UMN26 R TGCCTTTGTCCTGTGTGC Dy12 (415)

Where ; the allele effect
And ;: the locus of alleles= from 1 to 3

Y =bX ;+aj
1Q = % Y Where b: the coefficients and a:and a; is a
_1_1 ij constant corresponding to the quality value
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attributed to the reference allele. For Glu-Al (null

allele) a; =0 and for Glu-Bl and Glu-DI, a,=2 and

as;=7, respectively according to Branlard et al.

(1991).

The mean effect ~ x.; was calculated as the mean

of the4 quality traits effects as follows:

inj = (inj - Xkrj) X 100/ A xk; where

Xk = the mean value of the parameter k

calculated from the varieties having the allele i at

the locus |

Xii=the effect X,;; of the allele i from the locus j

Xir =the mean value of the parameter k calculated

from the varieties lacking the allele.

A - the difference between the maximal and

minimal values in each parameter.

Selection index (Sl)based on the phenotypic

performance for the four used quality traits

considering the linear index, With each selection

index score (I) was calculated from the following

formula (Baker, 1986).

| = ZbiPi

Where P; is the phenotypic value of each trait and

the weights (bi) were calculated as follows. Using

matrix notation:

b=P'Ga

Smith-Hazel index (Smith, 1936; Hazel, 1943);
b=a

Brim-Williams index (Brim et al., 1959; Williams,

1962).The phenotypic (P) and genotypic (G)

variance - covariance matrices were estimated

from analyses of variance and covariance for

single traits and pairs of traits, respectively. Also

(a) is relative economic values for each trait.

RESULTS AND DISCUSSION

Polymorphism of specific PCR profiles of used
DNA markers for studied genes in the 16 wheat
genotypes.The allelic polymorphisms in the
studied wheat genotypes using HMW glutenin
subunits at Glu-A1 and Glu-D1 locus using
UMN19, UMN25 and UMN26markers are
presented in Fig.2 (a, b and c¢). All subunits were
identified in all studied wheat genotypes either
landraces or cultivars using UMN19 (of Glu-Al)
and UMN26 (ofGlu-D1) markers. However, the
bands of Glu-D1byUMN25 marker was absent in
lanel0 (LR5). Such situation may be considered a
negative unique polymorphic band in the present
investigation.The DNA fragment bands bp
illustrated the distance between bands on gel
belonged to the ladder 100bpBiolabsinc.and the
predicted bands were identified by Gel- Analyzer
2010 software program (Table 2).

Zhang et al. (2003) reported that the development

of allele specific PCR primers can to discriminate
differences in sequence identity between alleles
with as little as 1 bp polymorphism.

Results show that locus Glu-D1 by UMN25
marker given two bands for Gemmieza 10 and
LR3.Tentatively, the difference less than 10%
between the observed (by Gel Analyzer) and the
expected bands bp of each allele for the genotype
may be considered an indication the presence of
this allele in the genotype (Table 2).
AccordinglyLR5 and LR9 wheat genotypes lacked
any of studied alleles and another twelve
genotypes included at least one allele. Table (2)
indicated that Ax2*(344 bp) allele (by maker
UMN19) was present inMisrl, Misr2, Sedsl,
GemmezalO, Sakha93, LR1, LR10 and
LR11wheat genotypes. However, allele Ax1 (362
bp) in the previous marker appeared only in LR2.
The UMN25 marker with allele Dx2 (bp 299) was
found in Sedsl, Gemezal0 and LR2
wheatgenotypes. Using also the UMN25 marker,
the allele Dx5 (bp 281) appeared in the improved
varieties Misr 1 and Misr 2 in addition to other four
land races (LR1, LR3, LR10 and LR11). The last
marker UMN26 with allele Dy 10 (bp 397)
appeared in sedsl and GemmezalOas well as
two land races (LR 2 and LR 3), but the allele Dy
12(bp 415) is present in four land races coded
LR6, LR7, LR 8 and LR 11 The glutenin subunits
compositions varied among wheat genotypes and
gene pools, and appeared to be independent of
the altitude and attitude (Payne et al.
1987).Lagudah et al. (1987) detected allelic
variations at Glu-Al and Glu-Bl loci coding,
whereas Glu-DI locus didn't show allelic
differences using 60 Afghan wheat landraces. On
the other hand, Cong et al. (2005) found that both
Glu-Aland Glu-Bl loci coding showed similar
variation between spring and winter Chinese
wheat landraces in spite of Glu-DI locus exhibited
remarkable allelic variation only in winter ones.
Such findings proved that both winter and spring
Chinese wheat genotypes differed in Origin and
evolution background. Analyses of wheat cultivars
have shown that HMW differ in their impact on
bread-making performance with subunits Ax1,
Ax2 and subunits Dx5, Dy10 in particular being
associated with high dough strength (Shewry et
al., 2003).Payne et al. (1981), Payne et al. (1987)
and Popineau et al. (1994) established the gluten
score from 14 allele, and assigned quality scores
to each of the common alleles of the Glu-1 loci.
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Table2. Allelic (Ax*2, Ax1, Dx2, Dx5, Dy10 and Dy12) variation at GLU-Aland GLU-D1 locus using

three markers (UMN19, UMN25 and UMNZ26) of studied sixteen wheat genotypes.

Genotype

UMN19

UMN25

UMN26

Ax2*
(344bp)

Ax1
(362bp)

Dx2

(299 bp)

Dx5
(281bp)

Dy10

(397 bp)

Dy12
(415 bp)

Misrl

+

Misr2

+

Sedsl

GemmeizalO

+
+

+
+

Sakha 93

++|+|+| |+

LR1

+

LR2

+

LR3

LR4

+|+ |+

LRS

LR6

LR7

LR8

LR9

LR10

LR11

Table 3. Mean performance of studied wheat genotypes for quality traits, estimates of selection
index (SI) and Index of quality (IQ). Combined over 2013/2014 and 2014/2015 seasons.
PSI % WGI% PRO % FN sec. Sl
Genotype 1Q
M AR | M DR | M DR [ M DR | M DR
Misrl 850 |6 36.9 11 9.1 14 400.5 1 357 1 37
Misr2 855 |7 33.6 13 11.6 8 326.5 12 311 11 37
Sedsl 87.0 |9 26.8 16 10.5 10 355.5 2 329 3 165
Gemmeizal0 875 |10 | 306 15 13.1 5 340.5 6 325 4 165
Sakha 93 855 |8 46.6 1 12.1 6 3325 9 318 7 46
LR1 90.0 |16 | 365 12 11.7 7 328.0 10 316 10 46
LR2 895 |13 | 382 7 14.5 2 351.0 3 337 2 502
LR3 895 |14 | 374 10 9.6 12 346.5 5 324 5 283
LR4 880 |11 | 320 14 11.6 9 336.5 7 319 6 0
LR5 895 |15 | 395 4 9.4 13 265.0 15 268 15 0
LR6 845 |5 38.1 8 13.6 4 290.0 14 290 14 25
LR7 885 |12 | 391 6 10.1 11 262.5 16 267 16 25
LR8 795 |1 46.2 2 15.6 1 327.0 11 317 9 25
LR9 815 |3 41.3 3 14.0 3 310.5 13 303 13 0
LR10 825 | 4 37.5 9 8.2 15 348.5 4 318 8 37
LR11 80.0 |2 39.5 5 75 16 333.5 8 304 12 62
LSD o0s 2.7 1.6 0.5 40.6 - - -
M, AR and RD mean, ascending and descending rank, respectively; LSD= least significant difference at
0.05 level.
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a- (Glu-A1:UMN19)

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 M 15 36 17

1517 bp
1000 bp

500 bp

200 bp
100 bp

b- (Glu-D1:UMN25)
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Figure 2: Agrose gel 1.5% M: ladder100bp, #1:Misrl, #2:Misr2, #3:seds1l, #.4: Gemmeza 10,
#5:Sakha93, #6 to #16: LR1 to LR11, respectively, #17 NTC (negative temple control free water).

Table 4. Rank correlation coefficients among studied traits and indices of selections.

WGL% PRO% FN Sl 1Q

PSI% -0.36 -0.04 0.03 0.14 0.27
WGL% 0.18 -0.47 -0.49 -0.30
PRO% -0.22 0.03 -0.05
FN 0.94** 0.65*
Sl 0.62*

*and **indicate significant at 0.05 and 0.01 levels, respectively.
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The Glu-D1 locus has the largest effect on bread
making quality. Also the combination of Dx5 and
Dy10 is associated with strong dough and the
Glu-Al locus, both the Ax1 and Ax2* subunits
have positive effects on bread making quality. On
the other hand allelic pair Dx2 + Dyl2 has
negative effects and the null allele has a low
quality score.Payne et al. (1984) found that wheat
storage proteins corresponding at 9 complex loci
on six different chromosomes. The first three loci
are Glu-Al, Glu-B1,Glu-D1 indicated to HMW and
located in the centromere in Long arm, whereas
the loci 4, 5 and 6 occurred Gli-A1,Gli- B1 and Gli-
D1 in the short arm in the same previous 3
chromosomes contributed to LMW . But another
three chromosomes in the telomeres A 6, B6 and
D6 involved Gli-A2, Gli-B2 and Gli-D2,
respectively. In addition to the recombination of
genes within a locus was very rare and has so far
been detected in Glubl , and the relative quality
of different alleles at each locus indicating the
following order of importance Glu-1 >Gli-1>Gli-
2.Shewry and Halford (2002) found that each
locus of Glu-Al, Glu-B1 and Glu-D1 consist of two
tightly linked HMW glutenin genes, one x-type and
one y-type, respectively. Yang et al. (2005)
summarized the range of the alleles at the Glu-1
loci as 3 allelic forms at the Glu-1A, 11 alleles at
the Glu-1B, and 6 alleles at the Glu-
1D.Radovanovic et al. (2002) estimated genetic
variability for gluten strength contributed by Glu-
B1 and Glu-D1 encoded HMW glutenins. Liu et al.
(2008) showed Both UMN25 and UMNZ26 target
the Glu-D1 locus and either one of them should
be adequate to select for the favorable allele Glu-
D1d (Dx5 + Dyl0) as demonstrated above.
Recombinants between the x-type and y-type
genes can be identified when both markers are
used for genotyping. Alleles Glu-D1b (Dx3 +
Dy12) and Glu-D1c (Dx4 + Dyl12) are associated
with poor bread making quality. They didn’t report
DNA markers for the Glu-B1 locus for the subunit
pairs with negative effects on bread making
quality such as Bx6 + By8 or Bx20 + By20.Anjum
et al. (2007) mentioned that wheat flour
possessed good bread-making quality due to the
presence of certain HMW subunits

Mean performance of genotypes for quality
traits

Wheat genotypes varied significantly for all
studied quality traits (Table 3), not only among
improved varieties but also including land races.
Some land races ranked better than improved

varieties for studied quality traits.Particle size
index (PSI) is one of protein quality parameters;
particles with low value had highest hardness of
grains (Pasha et al. 2010). However, PSI is
influenced by protein composition which varied
among genotypes (Fajerson, 1950 and Symes,
1961).The studied landraces included the two
extremes of PSI%, superior group (LR8, LR11,
LR9, LR10 and LR6) and inferior one (LR1, LR5,
LR3, LR2 and LR7).But the improved wheat
varieties performed intermediately for PSI%.
Sakha93 ranked the first for WGL % (46.6%) with
insignificant difference only with LR 8. Other
improved cultivars showed significantly drop in
gluten contents although they involved more
alleles of glutamine than Sakha93. Not all wheat
grain proteins belonged to gluten, there are
another complicated group as gliadins which
contributed in gluten strength (Schofield, 1994).
LR8 is promising for PSI% (79.5%), WGL%
(46.2%) and PRO% (15.6%), with poor
performance in FN.

Bread wheat quality may be classified by protein
content (PRO %) 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%)
(Williams et al.,, 1988).Accordingly, the studied
wheat genotypes could be classified into very low
(LR11 and LR10), low (Misrl, LR 5, LR 3, LR7
and Sedsl) and medium (Misr2, LR4, LR1,
Sakha93 and Gemmizal0).LR 9 and LR 2 may be
belonged to high protein group, whereas LR 8 to
very high one.

Falling number (FN) determines the activity of
alpha amylase enzyme through the viscosity of
flour colloidal solution (Hagberg, 1960). FN
generally categorized the wheat genotypes into
two major groups, those with values of 350
seconds or longer which pointed to low enzyme
activity and very sound wheat quality. As the
amount of enzyme activity increases, the falling
number decreases and consequently values
below 200 seconds indicate high levels of enzyme
activity (Carl, 2006). Misrl and Sedsl recorded
401 and 356 sec. respectively; followed by the
land races LR2 which recorded 351 sec. Almost
other genotypes had a reasonable values of FN.
In contrast LR7 and LR 5 were approached to
increase of enzyme activity and faster rate FN
sec. indicated to reductions of biochemical
characterizes and quality properties.

High scores of selection index could be observed
by Misrl, LR2, Sedsl, Gem.10 and LR3,
respectively. Four land races (LR6, LR 5, LR 7and
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LR 9) recorded the least selection indices of
quality traits. Worthy, two of these land races (LR
6 and LR 7) have one of studied alleles , i.e Dy 12
and the other two land races lacked of any of
studied alleles (LR5 and LR9). It may be observed
that selection indices (Sl) greatly corresponded to
FN and rank correlation coefficients support this
view (Table 4). Only LR2 and LR3 possessed
significantly reliable indices of quality (1Q).
Although Gel Analyzer indicated that LR5 and
LR9 are common in lacking the studied alleles
with variable performance for quality traits. Ranks
in spite of the second race ranked the better third
genotype for PSI, WGL% and PRO% quality
traits. On the other hand, LR5 behaved inferiorly
for most quality traits.

The investigated wheat genotypes exhibited
variable expressions to different quality traits, the
four tabulated or not included ones. On the other
hands they possessed a range of alleles either
detected by used marker or mentioned in
references (Liu et al, 2008). Some of such
genes/alleles combinations increasing the score
of glutenin quality which strengthen the
expression baking traits such alveograph,
farinograph ,amylograph etc

LR2 and LR3 landraces recorded the greatest
significant 1Q (as average of traits plus standard
error) compared to all other investigated
genotypes (Branlard et al., 1991). Five wheat
genotypes show the appearance of Dy 10, i.e
Sedsl. GemmeizalO, LR2, LR3 and LR4. Only
the latter LR had one of these alleles (Dyl10),
other three genotypes (Sedsl. GemmeizalO and
LR2) included Dx2 in addition Dy 10 and Ax* or
Ax1. The combinations of alleles present in the
studied wheat genotypes may be play an
important role in the bread quality traits. Some of
these alleles specially Dx5 and Dyl0 were
considered as favorable ones responsible for
good baking traits (see Shewry et al., 2003)

The interrelationships among studied four traits
and estimated two selection indices indicated that
FN only significantly positively correlated with
selection criteria 1Q and Sl ( r = 0.65* and 0.94**
respectively). These indices may be
recommended for selecting promising wheat
genotypes along to productive criteria.

There are several alleles didn't study playing
important role, and have been scores which
contributed in the quality for another traits, in
addition presented allele differed in genotypes
and effected the performance of genotypes for
FN. The FN in this study was proper indicator
depended on these six allele with three markers of

HMW

CONCLUSION

The obtained results proved that bread wheat
landraces could be of great benefit for breeding
new cultivars possessed high flour quality and
adaptation to newly reclaimed desert lands, and
the set of markers used here just represent a
useful proceeding for screening of HMW-glutenin
allele (s) for improvement of bread making quality
in wheat genotypes. The FN was an important
criteria that reflected into quality with selected
studied alleles by IQ and Sl indices.

Most of studied genotypes have some of
functional marker genes, but the performances
occurred differences among genotypes, so this
kinds of studies need more marker alleles and the
computation quality score.

CONFLICT OF INTEREST
The present study was performed in absence of
any conflict of interest

ACKNOWLEGEMENT

We appreciate Mr- AbdElhay Gaber one of
technical stuff of molecular genetics Laboratory in
Cairo University Research Park (CURP) for his
great efforts in this work.

AUTHOR CONTRIBUTIONS

The present investigation is a part of Ph.D work of
I H Yacoub. DAEI-Kadi is the supervisor co-
suggested the problem and reviewed the
manuscript. DS Darwish acted as co-supervisor
suggested statistical analyses, tabulating data,
discussed results and reviewed the manuscript.
REAMoghaieb: introduced advices concerning
molecular markers and reviewed results and
manuscript. IHYacoub conducted field and lab
trials, collected and analyzed data and wrote the
manuscript.

Copyrights: © 2017 @ author (s).

This is an open access article distributed under the
terms of the Creative Commons Attribution License
(CC BY 4.0), which permits unrestricted use,
distribution, and reproduction in any medium,
provided the original author(s) and source are
credited and that the original publication in this
journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not comply
with these terms.

Bioscience Research, 2017 volume 14(2): 370-379 377


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

El-Kadi et al.

Variation among some Egyptian wheat genotypes

REFERENCES

A. A.C. C. 2000. American Association of Cereal
Chemists.Cereal Laboratory Methods. St.
Paul., Minnesota, USA.

Abdossaheb, S.; Hemmatollah, P.; Arastoo, A.
&Yosuf, N. 2014. Segregation of some wheat
(Triticum aestivum L.) genotypes using cluster
analysis procedure Intl. J. Farm & Alli. Sci.
3 (2): 225-229.

Abdullah, A. J. & Mohammad, S. 2014. How
diverse farmer-managed wheat landrace can
be? Emir. J. Food Agric. 26 (2): 93-118.

Ahmad, M. 2000. Molecular marker-assisted
selection of HMW glutenin alleles related to
wheat bread quality by PCR-generated DNA
markers Theoretical and Applied Genetics
Volume 101: 892— 896.

Anjum, F. M., Khan, M . R., Din, A., Saeed, M.,
Pasha, |. & Arshad, M. U. 2007. Wheat gluten:
high molecular weight glutenin subunits—
structure, genetics and relation to dough
elasticity J. Food Science 72 :56- 63.

Ayala, M., Guzman, C., Alvarez, J.B. & Pefia, R.J.
2013. Characterization of Genetic  diversity
of puroindoline genes in Mexican wheat
landraces. Euphytica 190: 53- 63.

Bagge, M., Xia, X. C. & Lubberstedt, T. 2007.
Functional markers in wheat. Curr Opin Plant
Biol. 10: 211-216.

Baker, R.J. 1986. Selection indices in plant
breeding. Boca Raton, FL, CRC Press. 218 p.

Belderok, B. 2000. Bread-making quality of wheat
a century of breeding in Europe Part One:
Developments in bread-making processes.
Springer- Science+ Business Media,B.V
publisher ch: 3. p21.

Branlard,G., j.Pierre, &Rousset M. 1992,
Selection indices for quality evaluation in
wheat. Theor. Appl. Genet 84:57-64.

Brim, C.A., H. W. Johnson & Cockerham, C.C.
1959. Multiple selection criteria in soybeans.
Agron. J., 51: 42-46.

Caballero, L., Pefa, R .J., Martin, L. M.& Alvarez,
J.B. 2010. Characterization of Mexican Creole
wheat landraces in relation to morphological

Characteristics and HMW glutenin  subunit
composition. Genet. Resour. Crop Evol. 57:
657-665.

Carl,L.G. 2006. Extension Crops Marketing
Specialist. University of Delaware, Newark,

DE.http://www.northern-crops.com [technical/
fallingnumber.htm.

Duska, C., Damir, K., Dubravka, T., Biserka, P. &
Jelena, D. 2001.Gluten as a standard of
wheat flour quality. Food Technol Biotechno

139:353-360.

Fajerson, F. 1950.The micro method of Berg for
determining the degree of grittiness of flour
from different varieties of wheat. Agriculture
and Horticultural Genetics 8: 109-117.

Gale,K.R. 2005. Diagnostic DNA markers for
quality traits in wheat. J. of Cereal Science.
41:181-192.

Gomaa, A. S. A. 1999. Wheat improvement in
Egypt: History and future prospects. Egypt. J.
plant Breed. 3:1-14.

Greenaway, W.T. & Watson, C.A. 1975 .The
Gluto-matic for semiautomatic determination
of wet and dry gluten content in wheat flour.
American  Association Of Cereal and
Chemists (A. A. C. C.) Inc. 3340 pilot Knob
road, st, Paul Minnesoa551212 : 367- 393.

Hagberg, S. 1960. A rapid method for determining
alpha amylase activity. Cereal Chem. 37:218-
222.

Hazel, L., 1943. The genetic basis for
constructions selection indices. Genetics, 28:
476-490.

Hua, C., Takata, K., Yang-Fen, Z., lkeda, T. M.,
yanaka,M., Nagamine, T. & Fujimake, H.
2005. Novel high molecular weight glutenin
subunits at GluD1,locus in wheat land races
from Xinjiang district of China and relationship
with winter habit .Breeding Science 55:459-
463.

Kulkarni, R.G., Ponte, I. G. & Kulp, K. 1987.
Significant of glutien content as an index of
flour quality.Cereal Chem. 64 (1) 1:3.

Lagudah, E. S., Flood, R. G. & Halloran, G. M.
1987.Variation in high molecular weight
glutenin subunits in landraces of hexaploid
wheat from Afghanistan. Euphytica 36: 3— 9.

Liu, S., Chao, S. & Anderson, J. A. 2008. New
DNA markers for high molecular weight
glutenin subunits in wheat .Theor. Appl.
Genet. 118: 177-183.

Liu,Y., He, Z., Apples, R. & Xia, X. 2012.
Functional markers in wheat: current stauts
and future prospects. Theor. Appl. Genet.
125: 1-10.

Pasha, F., Anjum, M. & Morris, C.F. 2010. Grain
hardness: a majordeterminant of wheat
quality.Food Sci. Tech. SAGE Publications
Los Angeles, London, New Delhi and
Singapore.1-12.

Payne, P. I, Holt, L. M. & Law, C. N. 1981.
Structural and genetical studies on the high-
molecular-weight subunits of  wheat
glutenin.Theor. Appl Genet. 60:229-236.

Payne,P.1., Nightingle,M.A., Karttiger, A.F. & Holt,

Bioscience Research, 2017 volume 14(2): 370-379 378



El-Kadi et al.

Variation among some Egyptian wheat genotypes

L.M. 1987. The relationship between HMW
glutinen subunits composition and bread
making quality of British — grown wheat
varieties J.Sci. Food Agric. 40:51-65.

Poresbski, S. L., Bailey, G. & Baum, R. B. 1997.
Modification of CTAB DNA extraction
protocols for plants containing high
polysaccharides and phenol components,
Plant Molecular Biology Report 12: 8-15.

Popineau Y., Cornec M., Lefebvre J. & Marchylo
B. 1994. Influence of high M(r) glutenin
subunits on glutenin polymers and rheological
properties of glutens and gluten sub fractions
of near-isogenic lines of wheat Sicco. J Cereal
Sci 19:231-241.

Radovanovic, N., Cloutier, S., Brown, D.,
Humphreys, D. G. & Lukow, O. M. 2002.
Genetic variance for gluten strength
contributed by high molecular weight glutenin
proteins. Cereal Chem. 79:843-849.

Schofield, D.J. 1994. Wheat production properties
and quality. Ch7. Springer Science Business
Media, 73-106.

Shewry, P. R., Halford, N. G. & Tatham, A. S.
1992. High molecular-weight subunits of
wheat glutenin. J. Cereal Sci. 15:105-120.

Shewry P.R., Halford N.G.2002. Cereal
seed storage proteins: structures,
properties and role in grain utilization. J
Exp Bot 53: 947— 958.

Shewry, P. R., Halford, N. G., Tat-ham, A. S.,
Popineau,Y., LaWandra, D. & Belton, P. S.
2003. The high molecular weight subunits of
wheat glutenin and their role in determining
wheat processing properties. Adv. Food Nutr.

Res., 45: 221-302.

Smith, H.F., 1936. A discriminant function for
plant selection. Annl. Eugenics, 7: 240-250.
Symes, K. J. 1961. Classification of
Australia wheat varieties based on the
granularity of their whole meal. Australian
Journal of Experimental Agriculture and
Animal Husbandry 1: 18-23.

Williams, J.S., 1962. The evaluation of a selection
index. Biometrics, 18:375—-393

Williams, P., El-Haramein, F. J., Hani, N. &
Safouh, R. 1988. Crop quality evaluation
methods and guidelines. 2" ed. Aleppo:
ICARDA,145pp.

Yang Z.J., Li G.R., & Feng J. 2005. Molecular
cytogentic characterization and disease
resistance observation of wheat—Dasypyrum

brebiaristaum partial amphiploid and its
derivatives. Hereditas 142:80-5.
Zhang, W., Gianibelli, M. C., Ma, W,

Rampling, L. & Gale, K. R. 2003.
Identification of SNPs and development of
allele-specific PCR markers for y-gliadin
allelesin  Triticum aestivum. Theor. Appl
Genet. 107:130-138..

Bioscience Research, 2017 volume 14(2): 370-379 379



