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INTRODUCTION

An indicator of the national security of any country is the satisfaction of i3
needs of its population.  Under current conditions of growing shortage of
humanity might once again face an acute problem of the food crisis. Annual D
of wheat on average is about 600 million tons. It is expected that by 2020 the
for it may reach more than 840 million tons. Satisfying this necd is a rather
task, taking into account the fact that the number of cultivating areas decry
wheat yields in most developed countries have already reached the maximum |
example, in Europe, this number reaches more than 8 tons per hectare [1]. Py o
of high-quality grain in Kazakhstan is an important strategic direction, conty
stabilization of agriculture, food security of the country and a decent position in
of grain exporters in the world market [2].

One of the major factors causing significant damage to grain producti
Kazakhstan is a leaf (brown) rust of wheat. Epiphytotic diseases occur with a fr
of 2 - 3 times in 10 years with the loss of yicld up to 30-50%. The causati
brown rust is Puccinia recondita Rob. Ex Desm f. sp. tritici. This obligate
wheat and a number of wild cereals, common throughout the world, in pl
cultivation of crops and in all areas of cultivation of winter and spring w
parasite with two host full lifecycle with five types of sporulation [3]. In the
phase of the life cycle there are dikaryotic mycelium aeciospores, teli
urediniospores. Number of alternate generations depends on the climatic con
the year and the duration of vegetation period in urediostage of wheat and
cereal grains. Unicellular uredinia have two haploid nuclei constituting s;
the end of vegetation plants form telia with teliospores covered by black
epidermis. Size of urediniospores complies 18 — 26 x 17 — 22 microns, teliosp
41 x 14 — 17 microns. Latter are unicellular with each cell containing
nuclei. Urediniospores and teliospores are adapted to overwintering. Patho,
mainly in the form of mycelium in leaves of winter wheat and wild cereal
spring teliospores germinate; fusion of haploid nuclei into diploid,
formation of germ tubes  basidia with four haploid differing in the typ!
basidiospores observed. Condensed moisture is required for spore
therefore abundant dew promotes the development of infection. —Un
temperature conditions (15 — 25°C) and p of condensed moistt
conducted for 6 — 8 hours the next generation urediniospores arc formed
days; during the day up to 3.2 x 10" spores can be produced per
Basidiospores infect intermediate host rue (Thalictrum  nminus,
speciosissium, Thalictrum flavum), resulting on appearance of yell
spermagony with spermatia (piknospores) of the two mating types on the Upl
the leaf. When transferring spermatia from one spermagony to ano!
mycelium is formed, and as a result of anastomoses emergence dikal
aeciospores are formed infecting wheat. At the same time on leaves, more
sheaths pustules (pads) appear in diameter of 5 — 20 pm. To make sure t
pustule of brown rust, and not the color of a leaf spot, a place of destructio
examined under a magnifying glass or under a binocular microscope-
are spherical, 19 — 22 microns in diameter, with yellow-orange cont
important mean of control is breeding of wheat with application of news nd!
techniques, combining the efforts of classical breeders, g &
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siologists, immunologists and biotechr ists.
physio : g iotechnologists, as only the complex approa
ncrease [he breeding pe.rformance. This trend implics, first of :ll idf’xl:lii“yicxll1 n:ii
bifyloglcﬂl}‘gns that pro\(ldg xhc best possible adaptation to the natural ’conditions ff the
arid zone in order to obtain initial material for breeding of new productive varicties (5]

Model plant Arabidopsis thaliana provided uni iti

v L plt A a ) que opportunities for th
key blologlcal aspects of Qlanl biology, including resistance (o discase. Ho:rcsxgytlgg
fungi of the genus Puailma are not able to infect Arabidopsis what provided fu;1h
prospects for Brachypodium distachyon application in rust research [6-10) “

Seeds of B‘rachypodium distachyon L. (Bd21 line) were obtained from the RI KEN
BioR:_asuurce Center (Japan). The reason for the choice of wheat varieties of local
breeding for the planned stages of the experimental work was the degree of rcsiqtanc?:cg
According to the results of evaluations by the labo;"ato o;
plant m‘1mumty and protection of Kazakh Research Institute of Agriculture and ?’
Production and Rescarch Institute for Biological Safety varicty Kazakhstanﬁ rtl’g
shows resistance to b(own (14%) and yellow rust. According to the lszzﬁ
assessment of the quality of grain by RK state commission for variety testin, aboil}ll
varieties n.wet the requirements of the state standard. 14-day old seedli g
Brachypodium distachyon and chosen wheat varietics served the material of the slll:ﬁdsy e

mutant genotypes as compared to the initial variet § i
t, Y : : ( ¥ y. The study of enzymatic activi
mkes it possible to Jl_ndgc the intensity of the metabolism of th: plant b)(,)dy l:néct;\:z

y . of complete degradation of purines o i
&i:ozlzo‘mles, which play a ‘role‘ in the circuit of nucleic acids in a pl:m cell i;:;'S]::
4 llhen]e:l:’eib:; ga% :he ’l:nlam bl9]ogical role of XDH is still not fully clariﬁe& becaﬁ.’:se
| S roots ol leguminous plants, as well as in all vegetati ¥
" ot : lants, S vegetative organs of non-
shimnz:s plants, this enzyme is constitutively synthesized in significant qéuanlitie:.o ‘}t
il x;otgddthal plant hormones ~ Cytokines are the 6-substituted-purine
dﬂgradalidx; inu p]ltan(tucs nTL_:; exclufilc the possibility of participation in the XDH cytokine
i 50 us, with aging in the leaves of pe: activi
i : plants. ing S pea XDH activity abrupt
asmc:jf;ldd;i :nh itin p;ralle] the activity of superoxide dismutase and othg—, enz;gug
oxygen. However, the role of the XDH in thi S i
ahe in this process remains 4
moment, as well as the subcellular localization of the XDH in a plant Cc“s“u]n]dcdr

The increased i
1 - m e
e aaef! interest to the composition of storage proteins in wheat is associated

fllnC[il)l 3 3 i

nal of specific i inati

Gties Sp p in the determination of the baking
Perties.  Refinement of enetic control and identificati

b i i i geneti trol and identification of new and rare protein

tected in the course of studying the collection and breeding material
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TUDY OF STORAGE PROTEINS IN ENDOSPERM AND ANTIOXIDANT
. ENZYME ACTIVITY OF SOFT WHEAT AND BRACHYPODIUM
j DISTACHYON INFECTED BY PUCCINI4 RECONDITA

argul Omirbekova,
han Zhussupova,

zhan Askanbayeva,
ule Kenzhebaeva,

Zhunusbayeva
f Biology and Biotechnology, Al-Farabi Kazakh National University, Kazakhstan

ACT
ion of high-quality grain in Kazakhstan is an important strategic direction.
ly glutenin and gliadin spectra are regarded as reliable genetic characteristics of
iety. indicators of flour quality depend on these proteins. Two local breeding
arieties and Brachypodium distachyon infected by the Kazakhstani strain of
cinia recondita served the material of the study. Analysis of sced storage proteins
ied out in alkaline and acidic systems. According to our results, high molecular
HMW) subunits of Kazakhstanskaya early variety comprise subunit 2* encoded
cus Glul A, 7+9 subunits encoded by locus GlulB and 5+12 subunits encoded by
lulD. HMW subunits composition of other variety: 2*: 7 + 9; 5 + 10. These
contribute to the baking quality and are highly ranked. Overall quality rating
glutenin complies 9 points. The wheat prolamin spectrum (gliadins) shows
-marked changes in the accumulation of the individual components under the
of the pathogen. The intensity of © 9 component appearance is significantly
1n comparison with control. Weakening of components intensity in test samples
oted in gliadin regions «, B, y. Puccinia effect is largely not expressed; however
ening of bands intensity is observed in zones corresponding to gliadin and
‘subunits. Data shows that fungus might cause changes in the accumulation of
idual components of storage proteins. Spectrum of storage proteins in
dium shows the absence of slow-moving HMW subunits similar to cereal
barley, corn) glutenins. Components seen in the middle part of the gel,
ly, are not prolamins, as by fractionation in acidic system, those proteins are not
d or are present in trace amounts. Fast-moving proteins related to globulin
can also be seen on spectrum corresponding to the wheat. Spectrum of storage
in Brachypodium shows consistent intensity of protein components of the
fum in the experimental samples in comparison to control. Estimation of xanthine
genase (XDH) activity was performed by the native gel electrophoresis. It is
ﬂhﬁt the infection of the plant resulted in a slight increase in XDH activity from 5
in wheat, while enzymatic activity in Brachypodium decreased by 36% in
on (o control.

Words: plant, storage proteins, antioxidant enzymes.
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Analysis of seed storage proteins was carried out in an alkaline (sodium g
sulphate electrophoresis) and acidic systems according to Galili G. [12]. In p
gliadin extraction was performed with 70% ethanol. Electrophoresis was perfon
polyacrylamide gel in glycine acetate buffer pH 3.1. Gels were fixed in
trichloroacetic acid, stained with 0.2% Coomassic R-250. Gliadin component;
recorded by their electrophoretic mobility in the gel within o, B, y and o subfractig

Estimation of XDH activity was performed by the native gel clectroph
Leaves were extracted (1:4) with extraction buffer containing 250 mM Tri;
8.48), 1 mM EDTA, 14 mM L-glutathione, 4 mM dithiothreitol, 5 mM L-cyste
mM solution Na:MoOy - 211:0, 0.1 mM phenylmethylsulfonyl fluoride, pepst
mM and 250 mM sucrose solution. The extracts were centrifuged at 14,000 g at.
20 minutes. Supernatants obtained from the leaves were heated at 60°C for 2 m
centrifuged for 5 minutes, in same conditions, and used for analysis. XDH ej
activity was estimated in 7.5% polyacrylamide gel after fractionation of native
by gel electrophoresi: di d: d [13]. Upon coi
electrophoresis, gels were removed from the glass and treated with the reaction
containing 50 mM Tris-HCI (pH 8.48), 3.4 mM  3(4,5-dimethylthiazolyl
diphenyltetrazolium bromide and 0.1 mM phenazine methosulfate.
hypoxanthine and 0.5 mM xanthine were used as substrates for XDH. In
visualize the XDH activity gels were incubated for 20-30 minutes in the above
in the dark on a shaker at 37°C. XDH activity was assessed by relative color
of formazan bands using ImageJ processing of digital images of gels obtain
Epson Perfection scanner.

Comparative analysis of storage proteins in healthy plants (control — ¢).
infection with Puccinia recondita (experiment — ¢) showed the following (Fig

I = e c e

Kazearly  Kaz.l9 Kaz.early

Figure | — Spectrum of storage proteins of soft wheat in alkaline (A) and

electrophoretic systems; where: 1 marker protein of Bogarnaya 56 wimt
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respectively. The derived polypeptide sequences of the globulins contain a typ
peptide sequence in their polypeptide N-termini and two cupin domains,
encoded by a single copy gene, whereas, Bd.glo2 belongs to a gene family [15],

I T e

3

Figure 2 — Electrophoregrams of storage proteins of Brachypodium d
alkaline (A) and acidic (B) systems

The reduction of the intensity of expression in the spectrum of sto
Brachypodium distachyon is not observed in the experimental samples i
control.

Study of XDH activity as an indicator of the degree of oxi
resistance of the test plants to biotic stress conditions showed the
(Figure 3). The relative intensities correspond to the appropriate XDH f

Br-0 KazR-0 Kaz19-0 Br-P KazR-P K

Optical
density, %
61 90 39 100

Figure 3 - XDH activity in leaves of soft wheat and Brachype
where: 0 - control, P — pathogen
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Data on XDH activity as an indicator of the degree of 0
resistance on the test plants under biotic stress showed that its a

k ya early and Kazak! skaya 19 after inf
slightly (at 10 and 5% in comparison to control), whereas in
by 36% in comparison to control. Based on these data it can.
inhibition of XDH activity in Brachypodium distachyon may
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According to HMW sut i analysi.

r P ysis Kazakh | :

has a subunit 2* encoded locus GlulA, 7 + 9 subunit eax:y b

subunit 3 + 12 locus controlled GlulD. HMW in K " Lencod‘ed byl;oicsus (rlulBJan;l
of:

2#: 7+ 9: 5+ 10. These subunits contribute to the i i :
Potential bak ity; hi;
ranked afnd ovgn'ﬂl assessment of the quality of these varieties forag::lgex?;a]i:}; h;ighly
Effect of Puccinia recondita pathogen on high molccular weight glutenin subunitp e
expressed 10 a large extent, but the attenuation band intensity is observed i 1‘15 s
e e served in gliadins

The wheat prolamin spectrum (gliadins), fracti in idi

more clearly marked changes in the iccumu)latioau o;n!?lf‘:nldnivﬁuﬁlg:fmsyslem. i
the influcnce of leaf rust pathogen. The spectrum of prolamins of wh[;?,:lei?s ?n(:fr
divide zones. It should be noted that in both cases the ex :Zua' 5
intensity of wheat © 9 component (Figure 1. B) is much weaker than in contre ]pe e

It is known that the slow:v-moving components of o zone (8 and 9) are C;otn ﬂ ja;np!es.
wheat D genome dﬂd significantly contribute to the baking quality indi o el .y o
assumed that plant infection with leaf rust adversely affects its ):ml' lca\t;:;ri.kl o
components intensity in test samples is also noted in gliadin re, mq« e B
that leaf’ rust causes changes in the lation of the .g—‘_n.sja, 'B s
storage proteins in wheat grain. o ol

The response of Brachypodium i i i
' plants to infection with rust spores was i
. ; R s was als
;l:uﬂr;e cspect:u_m u}; stc!:age proteins fractionated in both systems ( F?;ure 2)18'1‘11:(1- ::;gn:‘i'
roteins dium distach ing i !
5 Ig profer 5“"‘ hpogn tack, <imila‘t alll'l alkaline system (Figure 2, A)
oy : : s r o glutenin in cercals — wheat ;
c&:r;l. !.ﬂ.:l!.ldlc system components in the middle part of the gel appar:nja ’:r:ﬂcy’
; olamins; these proteins are not detected or are present in (race an‘mums (Fi y’r 2 XI;Ot
istmoving proteins related to wheat albumin-globulin fraction are observed i‘sl :«el,l g

According to Larre C. et al. (2010) [14],

who studied the protein composition of

Brachypodi in, s i i
groct wpodium g‘ram, ;,ellt-sol\fble proteins as well as salt-insoluble proteins separated by

Prolamins and globulins, no

_:Wmmnded by protein bodies

3fo'f§cnce of protein bodies ining gluteli
Tice or oat than to wheat endosperm.

k. In another study

01 protein groups,
um i

8 dodecyl sulfate polyacrylamide gel electrophoresis and mass spectrometry. A

oo
engiy ©

2015,

! gel were as 28 i
Proteins from the major spots were seqt d by mass o ;p:r:i{ ll;!c:r‘:i(f:it(lz‘cllc;y
P y:

searching against a Brachyp‘«idiu{n putative protein database. The authors found
o e by were found. Globulins were P d mainly
icmsco. type and their solubility properties corresponded to the glutelin found in rice
Pic examination of endosperm cells revealed scarce small-size starch granule;

g 11S globulins. According to the authors, the

makes Brac}, lium distachyon closer

by Laudencia-Chingeuanco D.L. and V:
) n 1 L. ensel W.H. (2008) s
six of which have been identified as globulins, were( fouﬁgl Ts‘ll:;

€t of the major sto i T
1 yjor storage proteins extracted from three hexaploid accessi
and Bd17 has also been identified as globulins. Several cl(?ncs oftf:::;;;dﬁﬁ.

were 1 d. T
o y seq . Two types of i S
ed, Bd.glol and Bd.glo2, which are similar to ma)ilzpc 78 angdlo:a‘:“lnzsg egr:f);u‘lvii‘:

m
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creased plant resistance to palhoggn action. In accordance with our findings we can
nclude that lhfsAenzymc plays an important role in the process of plant adaptation to
e fungus Puccinia recondita.

CoNcLUSION
Comparative study of molecular genetic and biochemical features of the model of

cereal Brachypodium distachyon with related cereal grains enables us to

rstand mvcc_hal}isms of resistance and increase of resistance of wheat plants to both
sbiotic ;nd biotic _lac_tors. A change in the activity of enzymes of metabolism is one of
significant criteria changes the genetic, app

icant | a : exposed to In this
, of particular interest is the stdy of the activity of several key enzymes of

pitrogen and energy metabolism in mutant genotypes as compared to the initial variet

which makes it possible to judge the intensity of the metabolism in plant, and mov)'/t;
1y.e.slimnfe the vitality f)f these mutant genotypes. The increased inléresl to the
position o_t storage proteins in wheat is associated with functional significance of
ecific proteins in _d.ewrminaliun of the baking properties. Refinement of genetic
ntrol and the identification of new and rare protein subunits, detected in the course of
dying the collection and breeding material is necessary for a reliable assessment of

les, as well as for the expansion of the genetic basis of cultivars created by

X4 'mng the value of genotypes with specific variants of alleles and their inclusion in
selection process. Some results of this study are presented in the current paper.
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ically modified organisms and foods derived from GMOs placed on the market
meet the requi of E legislati ding labeling and traceability.

European Union law assess, the labeling of foods containing genetically modified
sms is obli; Y, the i 1 threshold being of 0.9% for each ingredient. In
ania. until 2007 (the year of EU admission) Roundup Ready soybean was no longer

ted in Romania, but cross-border exchanges can lead to its introduction on the
et of food, so closer monitoring of food products derived there from is required,
appropriate testing techniques.
following work presents the results of a study concerning food and feed containing
and soya beans existing on the market in Romania, in order to detect the presence
ce of GM soya and its quantification in the samples found to be positive.

ding this matter, we analyzed 15 samples using the PCR technique in real time
analyzer Light Cycler), of which, five food samples, 4 soybeans’ samples and 5

Ples of feed were found positive in identifying the specific gene of the plant (lectin)

the genetically modified insert (RRS-DNA). Only for one sample (soybeans,

ginal production), no DNA was detected specific to the line GTS 40-3-2 (Roundup
).

results obtained in real time PCR quantification, of samples that were tested

ive, showed percentage values situated between 0.25% and 100%.

ords: soya, GMO, PCR quantification

TRODUCTION

* term Genetically Modified Organism (GMO) or Transgenic is used to define

S whose genetic material has been altered through genetic engineering

3 1Ques (Lrang'er of genes from other species) in order to obtain organisms with new
OF properties, The initial aim was to protect crops by building resistance against

ser:SCS and pests (viruses and insects) or by enhancing tolerance to herbicides in

¢ modification of living organisms is a way to solve food security problems.
‘b“““"l Mean that the worldwide issues regarding food can be solved solely in one
hat genetic engineering can significantly contribute to remedy them [1].
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