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Abstract: Seed storage proteins were studied in the collection of winter partial wheat-wheat-
grass hybrids. The genes encoding high molecular weight glutenins (HMWG) of wheatgrass ori-
gin hale been detected in 23 lines of partial wheat-wheatgrass hybrids using PCR technique. The
genes are expressed in at least 15 of 23 lines that have been shown by protein electrophoresis. The
wheatgrass HMWG genes of two lines of partial wheat-wheatgrass hybrids (1670 and 197/2-1-
2trs) were cloned and sequenced. The analysis of the sequence data has shown their relationship
to HUWG genes of Thinopvrum intermedium (Host) Barkworth & D.R.Dewev and Th. elongatum
(Host) D.R.Dewev.
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Introduction

New genetic resources of wheat should be recruited using wide hybridization due to
genetic erosion. Certain species of wheatgrass with different genomic constitution such as
Thinopvrum intermedium (Host) Barkworth & D.RDewey (2n = 42, JSJS), Th. elongatum
(Host) D.R.Dewey (2n = 14, J), Th. ponticum (Host) Barkworth & D.RDewev (2n = 70,
J1JJSJS) are donors of agronomically valuable traits and can be relatively easily hybridized
with wheat, thus providing the development of wheat-wheatgrass hybrids [16]. As the
result of breeding, valuable forms of intermediate wheat-wheatgrass hybrids (WWH) have
been developed, their pedigree including different species of wheatgrass, characterized by
perennial habit, resistance to pests and diseases, tolerance to salinity and frost. They can be
used as independent objects of environmentally sustainable agricultural systems, and as an
effective bridge to transfer useful genes from the genome of wheatgrass into wheat [4].

WWH developed in Russia are distinguished by high biodiversity and have been
characterized in detail in terms of morphology, developmental biology, farming, and, as
far as the most promising lines are concerned, with cytogenetic and molecular genetic
approaches [2, 10, 11].

A drawback of WWH as a crop is its low bread-making quality. Significant factors
affecting the quality of bread are glutenins. Glutenins consist of high (HMWG) and low
molecular weight (LMWG) subunits. The subunits of glutenin are polymerized with
intermolecular disulfide bonds, which play a major role in the rheological properties of



wheat dough (elasticity, extensibility, flexibility, dough energy, the time of development,
stabilization and early thinning). HMWG of both wheat and wheatgrass can be represented
in the genome of WWH.

The influence of HMWG genes of different wheatgrass species on bread-making
quality can be either positive or negative.

Most HMWG, which were found in distant relatives of wheat, are smaller as
compared with HMWG of wheat [5,6], and therefore, in theory, they could have not only
positive but also negative effects on baking quality. Thus, direct introgression without
prior impact estimation on quality is inappropriate. Several HMWG orthologous with new
structural features have been identified in species of Aegilops L,, Secctle L,, Hordeum L.
and Pseiidoroegnerict (Nevski) A.Love [1, 7, 8, 13, 14]. However, only a few studies were
focused on the allelic composition of HMWG in perennial relatives of wheat so far [12].

The best approach for the evaluation and subsequent introgression of the unique
HMW alleles from wild relatives into common wheat is based on the WWH. Using these
hybrids, one can evaluate the impact of a unique HMW allele of wheat on bread-making
quality, that could not be performed in case of direct detection of that allele in wheatgrass.
Moreover, keeping and preserving the detected allele in the WWH is much easier than
tracking it in wheatgrass populations. In addition, WWH are a bridge for the introgression
of valuable genes directly into wheat genome.

Lines in the studied collection of the WWH differ significantly in bread-making
quality between each other. The identification and investigation of HMW genes in
wheatgrass and WWH allows understanding the interaction of wheat and wheatgrass genes
between each other, as well as their influence on the quality of bread.

The aim of our study was to identify the unique components and analyze the storage
proteins in the lines of WWH collection.

Materials and methods

The following 26 lines of WWH from the collection of the Department of
Distant hybridization (Main Botanic Garden named in honour of N.V. Tsitsin, Russian
Academy of Sciences) were investigated: Ostankinskaya, Zemokormovaya 169, Istra 1,
Otrastayushchaya 38, 67 trs, 98 trs, 116 trs, 197/2-1-2 trs, 207/2 trs, 211 trs, 1405, 548,
12, 4082, 4015, 116, 1670, 237, 90, 33, 1689, 77, 1416, 2087, 5542, 4056. As controls, the
following wheat cultivars were used: Moskovskaya 39, Mironovskaya 808, Bezostaya 1,
Chinese Spring, Novosibirskaya 67, Lutescens 62.

Storage proteins were isolated from individual seeds. Endosperms were crushed and
then incubated in SDS-Tris-HCI buffer containing 0.125 M Tris, 2,75% SDS, 10% glycerol,
1% DTT, and 0.005% bromophenol blue for 1 hour at 70 °C, and centrifuged at 14000 ipm
for 10 minutes. 20 |il of the supernatants were used for electrophoresis [9].

Proteins were separated on 12.5% polyacrylamide gel using one-dimensional
SDS-PAGE electrophoresis. Electrophoresis was performed in a buffer containing
0.25 mM Tris, 19,2 mM glycine, 0.1% sodium dodecyl sulfate in the following mode:
15 mA for 60 minutes, and 30 mA for 4 hours. After electrophoresis the gels were stained
with a mixture of Coomassie Brilliant Blue G-250 and R-250 [17].

DNA was isolated from seedlings according to Bematzky & Tanskley [3].

The primers P1 and P2 were used for PCR amplification and subsequent cloning
high molecular glutenin genes [15].

Polymerase chain reaction (PCR) was performed using Tetrad 2 Peltier Thermal
Cycler (Bio-Rad, USA) under the conditions recommended by the authors of the primers.
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25 pl of the reaction mixture contained: IX Taq polymerase buffer (Silex, Moscow), 1.0 U
Taq DNA polymerase (Silex, Moscow), 200 uM of each dNTP (Promega), 0.2 uM of each
primer, and 100-150 ng of DNA template. PCRproducts were separated by electrophoresis
on 2% agarose gel in Tris-borate buffer (TBE). As a DNA weight size marker «100 bp Lad-
der» («Fermentasy, Lithuania) was used. Ligation of the amplified DNA was performed
in pPGEM®-T Easy Vectors. Sequencing was carried out using the ABI-3130XL sequencer
with the M 13 primers.

Results and discussion

To characterize the high molecular glutenin genes in wheat-wheatgrass hybrids,
P1 and P2 primers were used. The primers were designed on the basis of nucleotide sequences
of the conserved regions in the 5 'and 3' ends of the open reading frames of HMWG genes
of wheat. [15] We carried out PCR with these primers on the DNA of wheat-wheatgrass
hybrids, cultivars of soft wheat, Th. ponticum, Th. elongcttum, and Th. intermedium. The
analysis of all above accessions has revealed two types of fragments according to their size:
in the range 1800-3000 bp (Figure 1, indicated by green triangular arrows) and less than
1800 bp (Figure 1, indicated by green arrows).

In the wheatgrass accessions, DNA fragments of both types were amplified.
In the wheat cultivars, five bands ranging in size from 1800 to 3000 bp were amplified
(Figure 1, lane 1, indicated by the red triangle arrows). These five bands were amplified in
all analyzed WWH as well.

Amplification of additional wheatgrass bands in WWH lines by PCR with primers P1 and P2

* -lines showing the presence of additional components in the storage protein electrophoresis (SDS-PAGE)

In WWH besides the fragments of wheat type the amplification of additional bands
was observed (Figure 1, Table 1).

The size of such fragments in Ostankinskaya, Zemokormovaya 169, 67 trs, 98 trs,
207/2 trs, 1405, 12, 4015, 116, 90, 77, 1416, 5542, 4056 are in the range of 1800 to 3000
bp (Figure 1, indicated by green triangular arrows). Zemokormovaya 169, 207/2 trs, 1405,
4015, 77, 1416, and 4056 had an extra band of about 2700 bp, and lines 77 and 1416
are polymorphic for the presence/absence of extra bands (Figure 1, lanes 24-27). Line 90
had an additional band of about 2500 bp. Ostankinskaya, 67 trs, 12, and 5542 carried an

60



Fig. 1. Electropherograms of the amplification products with primers P1 and P2. Lanes: 1 - soft wheat

Lutescens 62, 2 - Ostankinskaya, 3 - Zernokormovaya 169, 4 - Istra 1,5- Oftrastayushchaya 38,

6-67 trs, 7-98 trs, 8-116 trs, 8-197/2-1 -2 trs, 10, 11 -207/2 trs, 12-211 trs, 13- 1405, 14-548,
15 -12, 16 - 4082, 17 - 4015, 18 - 116, 19-1670 20 -237, 21 - 90, 22 - 33, 23 -1689, 24, 25 - 77, 26,
27, -1416, 28, 29 - 2087, - 5542 30, 31 - 4056, M - DNA ladder. Marking bands arrows: see text.

additional band of about 1800 bp. Lines 98 trs and 116 trs carried two additional bands: the
former - around 2700 bp and 2000 bp, the latter - 2500 bp and 2000 bp

Istra 1, 116 trs, 197/2-1-2 trs, 211 trs, 548, 1670, 33, 1689, 77, 1416, 2087 were
found to have fragments of less than 1800 bp (Figure 1, indicated by green arrows). Bands
of approximately 1500 bp were amplified in Istra 1, 116 trs, 197/2-1-2 trs, 211 trs, 548,
77, 2087, 4056. At the same time, lines 77 and 2087 were polymorphic for the presen-
ce/absence of the band. An additional band of approximately 1300 bp was detected in line
33. Lines 1670, 1689, and 1416 had additional bands of about 1100 bp. Thus, lines 77 and
1416 possessed two types of bands: more and less than 1800 bp.

As these additional fragments amplified by PCR are not specific to wheat, they might
be amplified from DNA sequences of wheatgrass.

The bands of wheat type of 2000 bp were absent in lines 211 trs and 207/2 trs (Figu-
re 1, lanes 11, 12, indicated by a red arrow). This may be due either to a deletion in this
locus, or to lack of wheat chromosomes.

Thus, we have analyzed 26 WWH lines, 23 of them showing the amplification of DNA
fragments typical to high molecular weight glutenin of wheatgrass. The polymorphism of
amplified fragment size between the studied lines was observed.
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A hexaploid wheat geno-
type could contain six different
high molecular weight glutenin
subunits, but silencing some of
these genes leads to the forma-
tion of different combinations of
HMW subunits - from three to
five subunits in hexaploid wheat
and one to three in durum wheat.

Consequently, HMWG genes
Fig. 2. One-dimensional electrophoresis of storage proteins wyith wheatgrass origin identi-

in partial wheat-wheatgrass hybrids. Unique storage pro- fied by us could be silent genes
teins for wheat genome are marked by arrows. 1 - Ostan- )
Therefore, the next stage of our

kinskaya 2 - Istra 1,3 - Ofrastayushchaya 38 4 - Zernokor-
movaya 169 work was to analyze the collec-

tion of WWH of different levels

of breeding using storage protein
electrophoresis (SDS-PAGE). Examples of SDS-analysis of high molecular weight glu-
tenin subunits of WWH are presented in Figure 2. The identification of unique storage
proteins was performed by comparing the results obtained with the subunits composition
of control cultivars (Chinese Spring, Mironovskaya 808, Novosibirskaya 67, Moscov-
skaya 39). Determining which particular component of storage proteins belongs to the
wheatgrass appeared to be impossible because in almost all pedigrees of WWH several
different types of wheatgrass had been used. To compare the unique components directly
with the storage protein of wheatgrass is also difficult, because wheatgrass proteins are
extremely polymorphic. Therefore, the identified components which were different from
components of wheat were noted as additional.

As a result of SDS-PAGE analysis, we have revealed that Ostankinskaya,
Zemokormovaya 169, 67 trs, 98 trs, 207/2 trs, 1405, 12, 4015, 116, 90, 1416, 5542, which
amplified additional bands in the range of 1800 to 3000 bp, at the same time carried the
components of HMW subunits differing in size from HMW subunits of wheat. Among the
lines with additional bands smaller than 1800 bp amplified from the primers for HMW
genes only 116 trs, 197/2-1-2 trs and 1670 have components of storage proteins different
from those of wheat.

Additional HMW components have not been revealed in 4056, Istra 1, 211 trs, 548,
33, 1689, 77, 1416, 2087. It could be due to gene silencing or that HMW subunits of
wheatgrass origin have molecular weight close or identical to HMW subunits of wheat, and
they cannot be separated from each other using one-dimensional electrophoresis of storage
proteins.

To study the identified genes and confirm our results (that the additional bands are
amplified from HMWG genes of wheatgrass), we have cloned, transformed and sequenced
additional bands amplified with the primer pair P1/P2 on WWH line 1670 (the size of about
1100 bp) and 197/2-1-2 trs (around 1500 bp).

As a result, two different nucleotide sequences have been obtained: of 1152 bp in
line 1670 and 1352 bp in line 197/2-1-2 trs. (Figure 3).

BLAST-analysis has displayed a high degree of homology of the analyzed fragments
to the published genes of high molecular glutenin genes of wheatgrass. Thus, these data
entirely confirm that the bands additionally amplified with the P1 and P2 primers on the
WWH lines are HMWG genes of wheatgrass origin. Interestingly, the gene identified in
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Fig. 3. Alignment of the nucleotide sequences obtained from lines 1670 (top) and 197/2-1-2 trs
(bottom)

1670 showed the greatest homology and clustered to the HMWG gene of Th. intermedium,

while the gene detected in 197/2-1-2 trs, clustered to the gene of Lophopyrum elongatum
(Host) A.Love (synonym Th. elongatum) (Figure 4).

According to the results of the long-term estimation, Ostankinskaya, 12, 4015, 5542

were close to the standard wheat cultivar (Moscovskaya 39) in a number of parameters

Fig. 4. Clustering HMWG genes of wheatgrass (using fast minimum evolution) identified in 1670 (a)
and 197/2-1-2 trs (b). The studied genes are highlighted in yellow
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(sedimentation coefficient, total baking score, etc.) in some years of the experiment. These
lines are considered to be a promising material for breeding on quality (VI. Belov, unpub-
lished data). Moreover, we have shown the presence of additional amplification of DNA
fragments specific to the high molecular weight glutenin genes of wheatgrass origin and
additional storage protein components by one-dimensional protein electrophoresis. Conse-
quently, these lines are interesting as objects to study the effects of wheatgrass HMWG on
the storage protein composition and quality of bread.

In conclusion, our research has revealed the unique components of the storage pro-
teins in the following lines: Ostankinskaya, Zemokormovaya 169, 67 trs, 98 trs, 207/2 trs,
1405, 12, 4015, 116, 90, 1416, 5542, 116 trs, 197/2- 1-2 trs, 1670. The given components
were close to high molecular weight glutenin of wheat in their absolute molecular weight,
which increases the possibility of their favorable effect on the baking quality of wheat.
Twenty six lines of WWH have been analyzed using primers amplifying entire high weight
molecular glutenin genes. The DNA fragments typical to HMWG genes of wheatgrass
were amplified in twenty three lines.

The polymorphism of amplified fragment size between the studied lines was ob-
served. The wheatgrass genes of high molecular weight glutenin of two WWH lines were
cloned and sequenced.
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MOJIEKYJISIPHO-TEHETUYECKMIAHAJIN3 COCTABA 3AITACHBIX BEJIKOB
B OBPA3LIAX KOJUIEKIY IMIIIEHUYHO-TTBIPEUHBIX TUBPUIOB

M.I'. JuBamyx!, ILFO. Kpynust!, M.B. Knumymuna!, M.C. BaxkeHos!,
B.J. Beaon?, E.B. Ceménona, I'.!. Kapaos!

('"PTAY-MCXA umenu K. A. Tumupsizesa; 2I' 6C PAH)

Aunomayus: yenv uccne008anus COCMOANA 8 U3VYEHUU 2eHO8 3andcHbiX 0OeNK08 NbIPelHO020
NPOUCX0XHCOeHUS Yy nuLeHUdHO-nbipelnblx euopuoos (IIII). C nomowpio TP evisereno 23 obpas-
ya I, necywux eemvi blCOKOMONEKVIAPHLIX 2ntomenunos (BMI) nvipetinoco npoucxodcoeHus.
Memooom 6enkosoeo anekmpoghopesa nokasano, ymo munumymy 15 uz 23 obpaszyos smu eemvi IKc-
npeccupyromes. 'Y oeyx oopasyos T (1670 u 197/2-1-2trs) cenvl 6bICOKOMONEKYIAPHBIX 2NHOme-
HUHOB8 NbIPEUHO20 NPOUCXOANCOCHUs OblIU KIOHUPOBAHLL U CEKGEHUPOBanvl. AHAnu3 NOIYYeHHbIX CUK-
6encog noxasan poocmeo k eenam BMI Thinopvrum intermedium (Host) Barkworth & D.R.Dewey
u Th. elongatum (Host) D.R.Dewey

Kniouegvie cnosa: npomesicyumonvie nuleHUUHO-NbIpelHble 2UOPUObL, GbICOKOMONEKYIAPHbIE
2momenunbl, ceksenuposanue, I[P, snekmpogpopes benkos.
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