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ABSTRACT

The present study was carried out to amplify glutenin genes to follow up any variations among
different species of wheat genomes. Four designed specific primers of HMW-GS (HMW SX and
HMW SY) and LMW-GS5 (LMW 7,8 and LMW 51) were used. In respect to the HMW-GS, the
Subunit ¥ gave higher polymorphism than subunit x, which failed to amplify gene patterns with
diploid source of genome A and tetraploid species. While the polymorphism of subunit x appeared
in variable size. In contrast, primers LMW 7, 8 and LMW S1 showed variations among the wheat
species. The qualitative analysis of gene expression of HMW genes was studied by the SDS-PAGE,
which was supported for the molecular studies and more informative approach to detect variations
between and within species. Generally, the results of SDS-PAGE showed that, the absence or
presence of GluAl allele seemed to be responsible for clustering the cultivars and the species.
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INTRODUCTION

Wheat 1s one of the major cereal crops in the world. It 1s a monocotyledonous that belongs to the
grass family Poaceae, which encompasses approximately 8,700 species from which about 650 belong
to triticeae tribe (Judd et al., 2002). There are two important species of the genus Triticum,
Triticum durum, 2n = 2x = 28, AABB (durum wheat) and Triticum aestivum (bread wheat) which
are the most common species grown and distributed widely in Egypt. Triticum durum is an
allotetraploid originated through intergeneric hybridization and polyploidization involving two
dipleid grass species; Triticum urartu and Triticum monococcum 2n = 2x = 14, AA genome and B
diploid genome related to A. spelioides 2n = 2x = 14, S5 genome. T\ aestivum, 2n = 8x = 42,
AABBDD which is allohexaploid includes A, B and D genomes resulted from the hybridization
between Triticum turgidum (AABB) and Aegilops tauschit (DD).

The major seed storage proteins of wheat are called prolamins because of their high proline and
glutamine content. Wheat prolamins are classified into two major groups; gliadins and glutenins.
Gliadins are monomeric proteins that form intra-molecular disulphide bonds, whereas glutenins are
polymeric proteins, which are held together by inter-molecular disulphide bonds thereby forming
the glutenin polymer (Shewry and Tatham, 1997). Wheat gluten contains both high molecular
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Weight (HMW-GS) and low molecular weight (LMW-GS) glutenin subunits. The effect of
HMW-GS on dough properties (strength and elasticity) may be additive or synergistic with
significant interactions with LMW-GS subunits. The HMW-GS are encoded by polymorphic genes
at the Glu-1 loca that are present on the long arm of group 1 chromosomes. The HMW glutenin
subunits are encoded by Glu-1 leci on chromosomes 1A, 1B and 1D in bread wheat, each locus
encoding one x-type and one y-type subunits (Payne, 1987). Due to gene silencing and allelic
variation, the composition of HMW glutenin subunits usually differs among hexaploid wheat
varieties (Wan et al., 2002).

Although, the role of HMW-GS in bread-making quality is better understood, LMW-GS also
plays a significant role in the formation of large polymers. Some allelic forms of LMW-GS showed
greater effects on these properties than HMW-GS (Gupta et al., 1989),

The genes coding for subunits 1Bx, 1Dx and 1Dy are always expressed, while genes coding for
subunits 1Ax and 1By are expressed in some cultivars (Payne, 1987). 1Ay subunit is occasionally
present in hexaploid wheat (Johansson ef af., 1995) and more widely in A-genome diploids
(Wan et al., 2002; Jiang ef al., 2009). Many genes of HMW glutenin subunits have been 1sclated
from bread wheat, where the related wild species and the coding region sequences are highly
homologous (Wan et al., 2002; Yan et al., 2008; Liu et al., 2007). This study aimed to investigate
high and low molecular weight of glutenin protein in different species of wheat.

MATERIALS AND METHODS

Twelve samples in total were used, classified into four groups, each of them was represented by
three cultivars (Table 1); the first group refers to the diploid species that are the source for genome
A (T, urartu (DAL, DA2) and T monococeum (DAB). The second group represented the dipleid
species coming from B genome (DB1, DB2, DB3) which belong to Ae. speltoides. The third one
represents the tetraploid cultivars T durum (T1, T2, T3). The fourth group i1s the hexaploid
cultivars T\ aestivum (H1, H2, H3).

Seeds of tetraploid and hexaploid cultivars were supplied by the Agriculture Research Center
{ARC), Egypt. While the diplaid {AA) cultivars were supported from ICARDA and cultivars of the
diploid source (BB) were supported by the GeneBank of china, each species represented by three
cultivars. One seed was used to extract the DNA and protein content; half for DNA extraction and
the other one for the protein extraction and three replicates of each cultivar were used to test the
homogeneity of the samples as a pre-step.

Tahble 1: Wheat. species, code of names, scientific cultivar names, their ploidy models, which genome they represent and sample sources

Samples codes Scientific name Ploidy level Cultivar origin Cultivar source
DAl T. urartu Diploid (AA) Iranian ICARDA

DA2 T. urartu Iraqgi

DA3 T. monococcum Yemen “Aless” Fac. of Agri., Ain Shams Univ.
DB1 Ae. speltoides Diploid (BB) Turkish Diyar-Bkir China GeneBank
DB2 Ae. speltoides Syrian (Halab)

DB3 Ae. speltoides Tragi (Arbil)

T1 T. durum Tetraploid (AARB) Egyptian “‘Baniswef 17 AR.C-Egypt

T2 T. durum Egyptian “Baniswef 3”

T3 T. durum Egyptian “Sohag 3”

Hi T. aestivum Hexaploid (AABBDID) Egyptian “S8akha 93" AR.C-Egypt

H2 T. aestivum Egyptian “Gemeiza 9

H3 T. aestivum Egyptian “Giza 168"
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Glutenin gene amplification

Extraction of genomic DNA (Template): The DNA was extracted from the seeds according to
the protocol of Biospin plant genomic DINA extraction Kit (BioFlux). Agarose Gel electrophoresis was
performed for genomic DNA with 0.8% agarose gel (Axygen) and stained by ethidium bromide stain
{(Sigma).

Allele specific PCR: Allele specific PCR or (AS-PCR) is a technique to amplify a gene product
specifically from one allele (Saiki ef al., 1985). Selectivity is achieved using specific primers, which
match only one of the alleles of the gene.,

Glutenin primers: This study aimed to detect some glutenin genes by designing some primers,
some of which might detect HMW-GS and others detect LMW-GS. Primers names, forward and
reverse sequences are presented in Table 2.

PCR amplification conditions: Amplification of glutenin genes were done according to
(Yan et al., 2002), AS-PCR approach was performed to detect some glutenin genes in 30 pli, using
15 pli GC-buffer T, 8.8 pli ddH,O, 3 pl. ANTFES, 1 pL for each primer, 1 pl. DNA template from the
extracted DNA and 0.2 pl. LA Taq polymerase (all of them were produced from TaKaRa, Japan).

The following PCR program was used in a DNA Mastercycler, Eppendorf, Germany. Initial
denaturation at 94°C for 4 min followed by 35 cycles of 94°C for 45 Sec. 57 to 58°C for 1.10 min for
HMW and 1 min for LMW (according to the primer’s annealing temperature). Agarcse Gel
electrophoresis was performed with 1.2% agarose gel (Axygen) and 1 kb Gene Ruler™ (TaKaRa),
then stained by ethidium bromide stain.

Gene expression evaluation

Glutenin protein subunits extraction: The high molecular weight protein content was
extracted according to the sequential procedure of Branlard and Bancel (2006), while the extraction
of LMW-GS was done according to Tkeda ef al. (2005). Four hexaploid Chinese cultivars seeds were
extracted in addition to our samples, their glutenin proteins were used as reference for accessing
the electrophoretic mobility of the HMW glutenin subunits (Yan ef @l., 2006), their known glutenin
subunits was indicated as following:

¢ Chinese Spring C8 (Null A, 1Bx7+1By8, 1Dx2+1Dy12)
+ CBO0O37(1Ax1, 1Bx17+1Byl8, 1Dx2+1Dy12)

o Jing 771 (1Ax1, 1Bx17+1By18, 1Dx5+1Dy10)

o Jimai 20 (1Ax1, 1Bx13+1By16, 1Dx1+1Dy12)

SDS-PAGE profile: Glutenin protein extracts (including the HMW and LMW) were separated
according to the method of Singh ef al. (1991) with some modifications. The concentration of
separating gel was 15.0%. One-dimensional sodium dedocyl sulphate polyacrylamide gel
electrophoresis (11D-SDS-PAGE) method was used according to Laemmli (1970) and was modified
to get better resolution suitable to the protein patterns of glutenin subunits by Yan ef al. (2002).
The analysis of protein gels was done according to the known patterns of glutenin subunits of the
hexapleid Chinese cultivars and the molecular weight of Protein Ruller II. The measurements were
done by computer software program called Gel ANALYZERZ2, while the calculation of the similarity
matrix and the designing of dendrogram were developed by SPSS software, version 10,
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Table 2: The forward and reverse sequences of the specific glutenin primer pairs and their annealing temperatiure that used to amplify
the HMW-GS and LMW-GS

Name Sequence Armealing temperatiure °C

LMW 7,8 Fi-ATGAAGACCTTCCTCGTCTTTG-3 58
R/A-TCAGTAGGCACCAACTCCG-3

LMW 51 F/5-AACACTAGTTAACACTAGTCCACC-3 a7
R/5-AAACAACTAGTTTGGGCGGGTC-3

HMW S8X F/E-COCTTCACTATCTCATCATCACCCAC-3 58

RAE-ATGAAAAACTGTGAACACACGTCAC-3
OR/ 5 -TAGGAGTCTGTTCGCATTCAGTGGC-3
HMW 8Y F/i5-AATTTCATCATCACCCATAACACCG -3 58
R/ ATTGGGTTTTACTCTAGTTACACG -3
OR 5'- GTTACACGAAAAACTGTGAAGACGC -3

RESULTS AND DISCUSSION

The glutenin genes: Karly investigations reported that each type of glutenin subunits are
controlled by pairs of tightly linked loci; the HMW-GS enceded by (Glu-Al, Giu-Bl, Glu-D1) loci
and are located on the long arm of group 1 chromosomes (Payne et al., 1980), while the LMW-GS
loci (Glu-A3, Giu-B3, Glu-D3) are found on the short arm of these chromosomes {Gupta and
Shepherd, 1990; Jackson et al., 1983). No genetic recombination was observed between the
HMW-GS and LMW-GS in the crosses. Some previous studies referred to that all the HMW
glutenin subunits had a single locus in the three genomes (Payne and Lawrence, 1983). The
subunit Mr-x is higher than Mr-y of the HMW -GS, The order of glutenin genes and their loc were
illustrated in Fig. 1. On the other hand, LMW-(GSs are classified into three types, LMW -1, -m and-s,
based on the aminoe acid at their N-terminal end, which corresponded to 1soleucine, methionine and
serine residues, respectively (Cloutier ef al., 2001; Lew ef al., 1992). Types -m and s of LMW-GS
were identified as protein products (Lew et al., 1992; Masci ef al., 1998). Whereas, the LMW - type
was also identified as a protein product by Maruyama et al. (2004). Payne and Lawrence (1983)
described the allelic variations at the HMW glutenin loci (Fig. 2).

The PCR amplification patterns of the HMW and LMW alleles are shown in Fig. 3a-d. The
presence, absence and the molecular sizes (bp) of detected alleles are illustrated in Table 3. Fig. 3a
shows the pattern of primer HMW SX. In general, all the samples showed two alleles, but the allelic
variation was detected at the size of the alleles. This variation presented differences; within the
same species which exhibited complete homology, while between different species, the variations
at the length were seen. The first allele has the same length (2805 bp) in 2xXgenomes (AA, BB) and
4xgenome (AABB) while genome DD showed this allele with length of #2547 bp. The thickness of
the bands of D genome was slightly higher than other bands, whereas, the second allele appeared
in different. length among all species but was the same within each species. The length of this allele
was 24080, 2400, 2083 and ~1847 bp in AA, BB, AABB and AABBDD genomes, respectively.
Variations in the size of alleles may indicate that gene evolution caused by nucleotides
polymorphisms (SNP) which cause changes in the homology situation from orthologous to
paralogous genes.

The amplification of primer HMW-Y reflected the existence of subunits v of the HMW glutenin
genes (Fig. 8b). The amplified alleles disappeared (silent) in all the cultivars that represented
diploid (AA genome) and tetraploid species (AABB genome), while it successes to produce two alleles
with the other diploid genome (BB) at length of 2750 and 2300 bp and the hexaploid genome at
2300 and 1985 bp. These results disagreed with one of the fundamental studies about glutenin
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designations (Payne and Lawerence, 1983) and their ranking i1s according to assessed
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genes reported by Payne ef al. (1981) who found that A genome y-type genels are always silent in
hexaploid bread wheat but are active in many diplaid and tetraploid wheat which support that
species evolution stands behind this cbservation.

On the other hand, primers LMW 7,8 and LMW S were used specifically to amplify LMW loci
Fig. 3¢ shows the amplification products of primer LMW 7,8, This primer amplified many variations
of LMW alleles. These differences were realized not just among the species (genomes) but also
among the individuals within the same genome. Each genome type of diploid (A and B genomes)
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Fig. 3(a-d): PCR amplification of high and low molecular weight glutenin genes using primers; Sx
and Sy for HMW-GS and 7, 8 and SI for LMW-GS

Table 3: The presence and absence of HMW and LMW glutenin alleles using specific primers for both glutenin genes

Diploid (D)) genome Diploid (II) genome Tetraploid (T) genome Hexaploid (H) genome
(AA) ®B) (AABB) (AABBDD)
Primer Band Length¢bp) DAl DAZ2 DA3 DB1 DB2 DB3 T1 T2 T3 Hil H2 H3
HMW SX 1 2805 + + + + + + + + + - - -
2 2460 - - - - - - + + + - - -
3 2400 - - - + + + - - - - - -
4 2083 + + + - - - - - - - -
5 =2547 - - - - - - - - -
6 =1847 - - - - - - - - -
HMWSBY 1 2750 - - - + + + - - - - -
2 2300 - - - + + + - - -
3 1985 - - - - - - - - -
LMW 7,8 1 1128 + + + - - - + + + N _
2 932 - - - - + + - - -
3 775 - - - + - - - - -
LMW S1 1 1321 + + + - - - - - - - - -
2 1149 - - - - - - + + + + + +
3 1038 - - - + + + - - - - - -

+: Present, -: Absent

and tetraploid (AB) exhibited one LMW allele. However, the cultivars of hexaploid genome (ABD)
showed two alleles of the same LMW locus. The tetraploid individuals agreed with the other diploid
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species (T. wurartu, AA) in showing the same length of amplified band (1128 bp) which was the
longest length. Whereas, the other diploid species (de. speltoides BB) showed the same allele with
variation among individual samples; one of the cultivars (Turkish DB1) showed a band of 775 bp,
while the other cultivars (Syrian and Iraqi) exhibited a band at 932 bp. The tetraploid at the same
run exhibited two alleles (932 then 775 bp). Which indicated an addition of alleles belong to D
genome. This observation was compatible with the results of Tkeda et al. (2002), who stated that
s-type and m-type of LMW-GS gene are located at the Glu-D3 locus in hexaploid wheat. Moreover,
most of LMW-GS genes are located in the D-genome, suggesting that the Glu-D3 locus is much
larger than the Glu-B3 locus and Glu-AS locus (Cassidy et al., 1998; Huang and Cloutier, 2008),

Primer LMW-S1 amplified one of the s-type of LMW gene, while is associated with good bread
making quality (Maruyama et al., 2004). This primer distinguished in our study one clear and
orthologous allele between the tetraploid and hexaploid species at 1149 bp and different allele
between both diploid ancestors A and B genomes at sizes of 1321 and 1038 bp, respectively Fig. 3d.
It has been suggested that conservation of orthologous sequences at the Glu-A3 locus is very limited
between the A genomes (Wicker et al., 2003). In addition, the intergenic sequences in the Glu-3
regions between homoeoclogous A and B genomes of durum wheat are not conserved (Gao ef al.,
2007). Until now, little 1s known about the physical orgamzation of the Glu-A3, Glu-B3 and Glu-D3
loci. Wicker et al. (2003) reported that two LMW-(GS genes were separated from each other by
150 kb in T. monococcum (A genome), whereas Gao ef al. (2007) found that the two paralogous
LMW-GS genes were approximately 100 kb apart. The high utility of the PCR for diagnostic work
makes it the method of choice for developing DINA markers to identify the glutenin genes associated
with dough strength and high bread making quality in wheat species.

SDS-PAGE of glutenin proteins: According to the fundamental basies that glutenin proteins
are wheat storage proteins found in the endosperms and play an important rele with ghadin in
determining one of the most important qualitative trait, which is bread making quality. Thus,
protein profile of wheat glutenin subunits is very useful way to evaluate the expression of glutenin
gene. The electrophoresis by SDS-PAGE of seed storage proteins is the standard method for
glutenin subunit screening.

Wheat species; 7. urartu, T. monococcum, Ae. spelioides, T. durum and T. aestivum were
represented by three cultivars for each and were loaded within hexaploid Chinese cultivars of
wheat (CS, CB, Jin20 and Jing771) which have known HMW glutenin subunits to identify the
detected alleles in GluAdl, GluBl and Glull! loci (Fig. 4), the reference protein ruler II
(100-12 kDa) was used to determine the range of weight of the HMW-GS, gliadin and LMW-GS.

The molecular weights of HMW-GS ranged between 80-50 kDa and were seen in 4-6 patterns,
while the LMW-GS was fractionated into 20 to 40 kDa and were represented in 10-12 bands
{Fig. 4). This was in agreement with [’Ovidio and Maseci (2004). Although the HMW-(G5s represent,
approximately 10% and the LMW-GS about 40% of the total storage proteins in wheat endosperm,
their role in determining the end-use quality of wheat flours could not be ignored, where HMW-GS
is more important than the LMW-GS (Shewry and Halford, 2002). The comparison was done
according to the known basis of allelic variation of the HMW-GS and the correlation between the
alleles and their qualitative importance, as illustrated before through many researchers. Lawrence
and Shepherd (1980) have reported an extensive variability in wheat cultivars produced by allelic
variation at each locus, to relate the HMW-GS protein patterns to their qualitative importance,
Based on analysis of large numbers of cultivars, a scoring system for HMW-GS has been developed
by Payne et al. (1987),
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Fig. 4. The SDS-PAGE profile of the glutenin genes (HMW, LMW), for four wheat species (three
cultivars each), CS, CB, Jimai20 and Jing771 were used as referenced markers with the
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Through, the years, other researchers found that the same electrophoretic mobility in SDS-
PAGE differs in some other features like small differences in protein sequences and surface
hydrophobicity. For example Marchyle et af. (1992) found that four different alleles instead of just
one, are expected for this pair (7+8, 7*+8, 7+8% 7*+8*) Interestingly, there are contrasting effects
on quality within these pairs and hence, the score originally given to the pair 7+8 is sometimes
misleading. At each locus (Glu-A7, GluBI and Glul)l) there are two tightly linked HMW-GS
genes; one of them is x-type -with higher molecular weight- and the other is y-type. For instance,
at the Glu-1 there are subunits 1, 2* and null {(there is no y allele), at the Glu-BI locus there are
Bix17+yl8), B(x7+y8), BxT+y9), B{x6+y8) and at the Glu-DI locus, there are D(xb+yl0),
D(x2+y12), D(x3+y12), Di{x4+y12). The presence of different allelic composition of the HMW-GS
in one specific wheat variety 1s one of the most important genetic factors in determining the bread
making quality.

According to the qualitative scores of HMW-GS which were created by Lukow ef al. (1989), this
study developed the quality scores of the studied cultivars as seen in Table 4. The jeint occurrence
of different alleles from the three loci is important in the accumulation of scores and also in
determiming quality (Payne, 1987). Our samples were divided into two groups, the first one 1s good
in quality, which has high score <5 and the second one 1s poor quality with a score < 5. All the
hexaploid cultivars belonging to T\ aestivum had high quality score ranging from 5 to 10. Followed
by the DB1 (Turkish) and DBZ (Syrian) that represented genome B which had scores of 9 and 6,
respectively. However, cultivar DB3 (Iraqi) which had 4 score, reflected less quality than other
cultivars of Ae. speltoides. Also two of the cultivars of 7. wrartu (Iraqi, DA1) T\ meonococcum
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Table 4: The detected alleles for each cultivar at each locus, the calculated quality scores for all cultivars, total number of alleles per
glutenin locus (GluAl, GluBI and GluD1) and the average of allele frequency per locus

Cultivars Locus
Code Sp. Name GluAl GluB1 GluD1 Quality score
DAl T. urarfu (A) Iragian Null 20 Null 2
DAZ2 Iranian 1 22 5+10 7
DA3 T. monococcum (A) Turkish Null 13+16 2.2+12 3
DB1 Ae. Speltoides (B) Turkish (Diarbakir)  1,2* 17+18 Null 9
DB2 Syrian (Halah) 1 17+18 Null 6
DB3 Iragian (Arbil) Null 7+8 2+11 4
T1 T. durum (AB) Bani Swaif 1 Null 22 5+10 5
T2 Bani Swaif 3 Null 22 5+10 5
T3 Sohag3 Null 13+19 Null 1
H1 T. aestivum (ABD) Sakha 93 Null 7+9 2+12 5
H2 Gemiza 9 1 17+18 5+10 10
H3 (Giza 168 Null 17+18 2+12 6
Total No. of alleles per 5 20 16
locus through all the
samples
Average of allele 0.28 0.22 0.26

frequencies per locus

{(Yamen, DAS) were poor quality with 2 and 3 scores, respectively, while the T urartu Iranian
cultivar (DA2) has high score (7). All the cultivars of 7" durum were of poor to intermediate quality,
Baniswefl and Baniswef3 expressed the same patterns and had the same quality score (5), while
Sohag3 had just 1. That means the hexaploid cultivars were the best in bread making quality.

In the SDS-PAGE analysis, the calculation of molecular weight was ignored since the
comparison was done according the electrophoretic mobility of the known HMW-GS of the used
Chinese cultivars was much considerable than the molecular weight. It was observed that gene
silencing in expression of none or only one protein from the Glud I locus and either one of the two
B genome types of loci failed to produce a subunit as allele (GluB22) which was also detected by
Payne et al. (1981). The A genome y-type genefls are always silent (Glud I¢), while an Ax null allele
fails to produce a subunit. The diversity in high molecular weight protein subunits is the result of
gene silencing in some varieties encoding these proteins (Lawrence and Shephred, 1980).

Eight cultivars out of twelve had null alleles at Glud ! locus, while four cultivars were lacking
GluD1. However, locus GluB! was present at the cultivars. In consideration, both of DAL and T3
lost the loci GluA 1 and Glul)1 together, which reflect the lowest quality score 2 and 1, respectively.
Payne (1987) stated that the allelic varation at locus Glu-D)1 had greater effects than other loc
on bread making quality. But the present study reflects that locus GluAl besides Gluli have
higher effect than GluD alone.

According to the previous studies of Gupta ef al. (1989) and Gupta and MacRitchie (1994),
subunit. combination 5+10 associated with good quality of bread making, whereas subunit
combination 2+12 associated with poor bread making quality. Eighteen alleles were detected and
identified in three loci; 2 loci for Glu-4, 10 loci for Giu-BI and 7 loci for Glu-D1. Solocus GluB1
was the highest one. Also, Shewry ef al. (1995) found so many Glu-Bx alleles present in
hexaploid and tetraploid wheat as revealed by SDS-PAGE. Two alleles at, Glu-AT locus (a,1) and
(b, 2%), six at Glu-B1 (b, 7+8) (¢, 7+9) (1, 17+18) (f, 13+16) (g,13+19) and (k, 22); and four at Glu-D1I
(a,2+12) (d, 5+10) (f, 2.2+12) and (g, 2+11) were identified and displayed in Table 4.

115



Int. J. Agric. Res., 7 (3): 107-120, 2012

From Table 4, we can realize that; a total of 41 alleles were obtained for all cultivars, with no
common band among all the species. It can be seen that the Egyptian cultivar Gemiza® (H2) has
the highest number of alleles (five alleles) and highest score of quality (10), while DA1 has only one
allele (20) at locus GluB1 and Schagd (T3) had the lowest quality score (1). However, Table 4 gave
a conclusion about the detected alleles in each cultivar at each locus, in addition to the variability
of the calculated quality score for each cultivar. The results showed that DBE1 was much similar to
DBZ because they have some common alleles (1, 17+18, null), while DB1 has an extra allele (2%)
at locus Glud, which caused increasing in quality score than DB2. Cultivar T1 was identical to T2
which have common alleles (Null, 22, 5+10). On the other hand, H3 was similar to H1 at
(Null, 2412) and to H2 at (17+18).

Three main clusters were revealed in the dendrogram (Fig. 5) using average linkage between
groups; where the first cluster contained cultivars T1, T2, T3, DA1, DA2, DB1, DB2, H2 and HS,
while cultivars DB3 and H1 were found at the second cluster. Moreover, the third cluster was
represented only by cultivar DA3. It was clear that the presence and absence of GluAl alleles has
the upper hand in dividing the cultivars into clusters followed by sub-clusters, then sub-sub-
clusters and sub-sub-sub cluster. As seen from the dendrogram (Fig. 5).

Great variations were seen among the cultivars of progenitor genome A, cultivars DA1 and DA2
were found in the same cluster while each of them come from two different sub-clusters, whereas
cultivar DA3 was found in the third main cluster. The results were reasonable because DAL and
DAZ belong to T, urartu, whereas cultivar D3 belongs to species 7. monococcum. Zhang et al.
{(2006) from mapping some eSSRs concluded that T. aestivum and T. durum had closer
relationships with 7% urartu than with T\ monococcum.

The progenitor B genome that represented in the cultivars which showed close relations among
them; DB1 and DBZ were almost the same in [1x Glud, 17+18 GluB1, Null Glul 1], while DBE1 has
an extra allele in GluA7Z (2%). Cultivar DB3 was totally different from DB1 and DB2, thus it was
found in another cluster.

Cultivars T1, T2 and T3 belonged to the same main cluster. The identical cultivars (T1 and TZ2)
were similar to T3 with only 30%, the absence of Gludl alleles was the common property among
them and this observation is matched with the highest average of allele frequency (0.28) that
scored by locus GluAl, which followed by locus Glul) 1 (0.26) and the lowest one was locus GluB1I

Rescaled distance cluster combine

DB3

DA3

Fig. 5: The dendrogram showing the relationships among the studied cultivars according to the
protein patterns of SDS-PAGE
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{0.22) (Table 4). The presence of Glud I controlled the clustering of hexaploid cultivars; H1 cultivar
was found in the second cluster (has allele 1 at locus GluAl). However the other hexaploids
{H2 and H3) belonged to the first one.

The relation between tetraploid and hexaploid and their progenitors showed that; T1 and T2
are related to DA2 because they had common alleles (22 GluB1I and 5+10 Glul)1). T3 is related to
DA1 because both of them have null alleles at Glud! and Giuli! loci. And the existence of DA3
alone 1n the third cluster may be due to that none of these T\ durum or T. aestivum cultivars have
a common ancestor belong to T monococecum. The hexaploid H2 was found at the same cluster with
DB1 and DB2, which might be due to that they may have same progenitor of de. Speltoides since
they had common GluAl and GluBIloci 1 and 17+18, respectively, whereas, cultivars H1 and H3
were much similar to DB3. Generally speaking, the results of the HMW glutenin gene and its
expression (protein profile) proved the compatibility between them. The absence of y subunit of the
HMW glutenin gene in dipleid species (A genome) and tetraploid individuals, on the molecular level
was reflected as expected on silencing expression of ¥ subunits in the genomes mentioned above
(Fig. 4, Table 4).

Fufa et al. (2005) reported that the genetic diversity estimates based on seed storage protein
were lowest because of the major determinants of end-use quality, which is a highly selected trait.
It is therefore concluded that seed storage protein profiles could be useful markers in cultivar
identification, registration of new varieties, pedigree analysis and in the studies of genetic diversity
and classification of adapted cultivars, thereby improving the efficiency of wheat breeding
programs in cultivar development.

CONCLUSION

This study aimed to detect some glutenin genes in different wheat species by designing four
specific primers of HMW (HMW SX and HMW SY) and LMW (LMW 7,8 and LMW 51),these
primers amplified both the HMWGS and LMWGS to identify and compare between according to
their bread making quality.

The glutenin protein subunits were extracted from the samples comparing with referenced
Chinese hexaploid cultivars. The 1D-SDS-PAGE methed was used, to fraction the entire expressed
proteins of HMW and LWM glutenin genes to get phylogenetic relationships among the dipleid,
tetraploid and hexaploid wheat genomes. Generally spreading, the results showed that, the absence
or presence of Gludl allele is responsible for the clustering of different cultivars between and
within species. In addition, there was concordance between resulted genomic and proteomics
analysis of the wheat genomes.
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