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COMPARATIVE STUDY OF BRACHYPODIUM DISTACHYON
AND KAZAKHSTAN SOFT WHEAT VARIETIES RESISTANCE
TO PUCCINIA RECONDITA

One of the important issues of the modern world economics is ensuring the quality of food, relevant
for Kazakhstan, where the possibility of cultivating soft and hard wheat varieties and high technological
quality grain production are among the strategically important tasks of its national security. Biotic and
abiotic environmental stress factors may lead to decrease in cereals productivity, and annual loss in the
global yield of crops from diseases, according to FAO, is estimated at more than $25 billion, equivalent
to 35% of the potential harvest. At the same time, creation of pathogen-resistant varieties of cultivated
plants by means of traditional breeding is long-term, and the evolution of pathogens is ahead of the
possibilities of practical breeding, resulting in creation of pathogen resistant varieties being late with
their introduction into production; for a deeper understanding of the basics and in terms of accelerating
processes in the leading countries of the world, model organisms are involved into the process. The aim
of this work is to estimate the influence of brown leaf rust on the elements of productivity and protein
content in grain of local varieties of soft wheat Kazakhstanskaya 19, Kazakhstanskaya early and new
model object Brachypodium distachyon along with their correlation. The results of the comparative
study of the impact of biotic stress on the elements of productivity have shown that Puccinia recondita
statistically significantly reduces the productivity of all parameters in wheat varieties Kazakhstanskaya
19, Kazakhstanskaya early and model object Brachypodium distachyon. The protein content in the grain
of wheat of local breeding varieties Kazakhstanskaya 19, Kazakhstanskaya early and wild cereal Brachy-
podium distachyon is not changed when infected with brown leaf rust.

Key words: Brachypodium distachyon, Kazakhstani soft wheat varieties, brown leaf rust, resistance,
study.
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Brachypodium distachyon xaHe Ka3akCTaHAbIK, CEAEKLIUSCbIHbIH,
XKYMcak, 6uaait coptrapbiHbiH, Puccinia recondita-Fa caAbICTbIpMaAbl 3epTTey

Kasipri 3aMaHfbl 9AEMAIK 3KOHOMMKaHbIH MaHbI3Abl MOCEAEAEPIHIH Bipi — a3bIK-TYAIK OHIMAEPIHIH
canaabl GOAYbIH KamTamacbi3 €Ty; >KYMCaK, >KOHe KaTTbl OuAaAM COPTTapblH ©CIPYy MYMKIHAITI
JKOHE >KOFapbl TEXHOAOTMSIAbIK, CaraAbl ABH OHAIPY — YATTbIK KayiMCi3AIKTI KamMTamacbl3 eTyAiH
CTpaTerunsAbIK, MaHbi3bl 0ap MIHAETTEPiHIH KarTapbiHa >KaTaAbl. BUOTMKAAbIK >XOHE abMOTMKAAbIK,
3KOAOTMSAABIK, CTPECTIK (DaKTOPAAp aCTbIKTbIK, AAKbIAAAPAbIH OHIMAIAITIHIH TOMEHAEYIHE aAbIN KEAyi
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MYMKiH. OAEMAIK a3bIK-TYAIK XK8HE aybIA WaPYyaLbIAbIK, YIbIMbIHbIH, MOAIMETTEDI BOMbIHLIA, DAEMAE
>KbIA  CalbIHFbl  AQKbIAAAPABIH OPTYPAI aypyAapAaH >KOFAATaTbiH OHIMI 25 MWMAAMApA AOAAApFa
6GaranaHaAbl, OYA aAblHYbl MYMKiH ©HIMHIH, 35%-Ha napanap. MaAeHn 6CIMAIKTEPAIH MaToreHAEepAiH
acepiHe TO3IMAI COpPTTapbiH ASCTYPAI CEAEKLMSI DAICTEPIMEH LibIFApy ©Te y3ak, Nnpouecc GOAbIMN
TabblAaAbl. [1aTOreHAEPAIH DBOAIOUMSACHI NPAKTUKAAAFbI CEAEKLMSAHbIH MYMKIHAIKTEPIHEH DAAEKAMAA
iArepi >Kypeai, COHbIH CaAAQpblHAaH OCIMAIKTEPAIH TMMAaTOreHAEpPAIH dCepiHe Te3iMAlI copTTapbiH
LWbIFAPY, OAQPAbIH OHAIPICKE eHr3iAyiHeH KelleyiAAern KaAaabl. MaceAeHHIH TOpKiHiH TepeHipek
TYCIHY YIUIH >KOHE CEeAeKLUMS TMPOLECIH XKEAEAAETY YLIH SAEMHIH aAAbIHFbl KAaTapAbl eAAepiHAe
MOAEAbAIK OpraHM3mAep KOAAaHbIAaAbl. bepiareH eHbekTiH mMakcarbl — Brachypodium distachyon
OCIMAITIHIH, >X8He >Xymcak, 6MAAMABIH Ka3akCTaHAbIK, COPTTapbiHbiH, Puccinia recondita-HbiH, acepine
TO3IMAIAITIH CaAbICTbIPMAAbI TYPAE 3epTTey. BUOTUKAABIK, CTPECCTIH OHIMAIAIK SIAEMEHTTEpiHe acepiH
CaAbICTbIPMaAbI Taaaay HaTHXKeAepi Puccinia recondita KasaxcraHckas 19, KazaxcraHckas paHHecreAast
COPTTapbIHbIH XK8HE MOAeAbAiKk 06bekT Brachypodium distachyon ecimMairiHiH 6apAblk, ©HIMAIAIK
KOPCETKILTEPIH CTaTUCTUKAABIK, CEHIMAI AEHrerlAe TOMEHAETETIHIH kepceTTi. JKepriAikTi ceaekums
HOTMXKeCiHAe wWbiFapbiarad KasaxcraHckas 19, KasaxcraHckas paHHecreaas oHe >kabarbl acTbik,
TyKbiIMAAC Brachypodium distachyon eciMairiH KOHbIP >Karibipak, TaTbIMEH XKYKThIpFaHAQ OCIMAIKTEPAIH,
ADHAEPIHAETT HBPYbI3 MOALLIEPI 63repMENA.

Tyiiin ce3aep: Brachypodium distachyon, >kxymcak, 6MAaniAbiH KasakCTaHABIK, CEAEKLMSIChIHbIH,
CcopTTapbl, KOHBIP Xarblpak, TaTbl, TO3IMAIAIK, 3epTTey.
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CpaBHUTEAbHOE M3yUveHMue YCTOMUMBOCTU Brachypodium distachyon v
Ka3axXCTaHCKMX COPTOB MSIFKOM nuweHuubl K Puccinia recondita

OAHVMM 13 BaXKHbIX MPOGAEM COBPEMEHHOM MUPOBOM 3KOHOMMKM SIBASIOTCS obecrneyeHune
KauecTBa MPOAYKTOB MUTAHNS; BOSMOXHOCTb KYALTMBMPOBAHMWSI COPTOB MSAIFKOM M TBEPAOW MILEHWLIbI 1
BbICOKOTEXHOAOIMYHOIO KAUeCTBEHHOIO NMPOV3BOACTBA 3EPHA, 3TO TAaKXXE OTHOCUTCS K CTPATErnyecku
Ba)KHbIM 3aAayam o6ecrneuyeHms HauMoHaAbHOM 6e30nacHoCcTn. Buotuueckne m  abuotmyeckme
3KOAOTMYECKME CTPECCOBbIE (DAKTOPbLIMOI'Y T MPMBECTM K CHUXKEHMIO NMPOAYKTUBHOCTU 3€PHOBbIX KYALTYP,
a eXXeroAaHasi MMpoBasi MoTeps YPO>KamHOCTU KYAbTYP OT 60Ae3HeN, Mo AaHHbIM [TPOAOBOALCTBEHHOI
M CEeAbCKOXO3SIMCTBEHHOM OpraHM3aumm, oueHvBaeTcs 6oaee uem B 25 MMAAMAPAOB AOAAAPOB, UTO
3KBMBAAEHTHO 35% noTeHumaAbHOro ypoxkasi. Co3paHmne naToreHHO-yCTOMUYMBbIX COPTOB KYABTYPHbIX
pacTeHU MOCPEACTBOM TPAAMLIMOHHOM CEAEKLIMM SIBASIETCS AAMTEAbHBIM MPOLIECCOM, @ DBOAIOLMS
MaTOreHOB OMepekaeT BO3MOXKHOCTHM MPaKTUYECKON CEAEKLIMM, 13-3a YEro MPOM3BOACTBO YCTOMUMBbIX
K MaroreHam COPTOB OMa3AbIBaeT MO CPAaBHEHMIO C MX BHEAPEHMEM B MPOM3BOACTBO; AAS Goaee
rAY6OKOIrO MOHMMAaHMS OCHOB M C LIEABIO YCKOPEHMS CEAEKLIMOHHOIO NPoLIecca B BEAYLLMX CTPAHaX MMpa
NMPUBAEKAIOTCHI MOAEAbHbIE OpraHn3mbl. Lleab AaHHOM paboThbl — CPABHUTEABHOE M3YYEHME YCTOMUMBOCTH
Brachypodium distachyon 1 ka3axcTaHCKux COpTOB MArkow niueHunipbl K Puccinia recondita. Pesyabrarbl
CPaBHUTEABHOIO aHaAM3a BAMSIHMS GMOTMYECKOrO CTPeCcCa Ha SAEMEHTbI NMPOAYKTUBHOCTM MOKA3aAM,
yto Puccinia recondita cratMcTMyeckn AOCTOBEPHO CHMXKAET BCE MOKa3aTeAM MPOAYKTMBHOCTM Yy
copToB nieHMupbl Kasaxcravckas 19, KasaxcraHckas paHHecrneAast M MOAeAbHOro ob6bekta Brachypo-
dium distachyon. CoaeprkaHmne 6eAka B 3epHe MSArKO# MNieH1Lbl MeCTHOM ceAekLimm KasaxcraHckas 19,
KasaxcraHckas paHHecneaas u AMKOro 3aaka Brachypodium distachyon npw uHduumposatmnm 6ypoii
AVMCTOBOM PXKABUYMHOM HE M3MEHSeTC.

KatoueBble caoBa: Brachypodium distachyon, copra msirkoim nineHmupbl Ka3axCTaHCKOM CeAeKLMM,
6ypasi AMCTOBAsi p>kKaBuMHa, YCTOMUYMBOCTb, MCCAEAOBAHME.

Introduction

From the ancient times, humanity has been
growing cereals, with wheat, corn, and rice cur-
rently being able to provide nearly two thirds of the
global caloric intake [1]. Under current conditions

of growing shortage of wheat, humanity might once
again face an acute problem of the food crisis. An-
nual production of wheat on average is about 600
million tons. It is expected that by 2020 the demand
for it may reach more than 840 million tons. Satis-
fying this need is a rather difficult task, taking into
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account the fact that the number of cultivating ar-
eas decreases, and wheat yields in most developed
countries have already reached the maximum level,
for example, in Europe, this number reaches more
than 8 tons per hectare [2].

At the same time, creation of pathogen-resis-
tant varieties of cultivated plants by means of tra-
ditional breeding is long-term, and the evolution of
pathogens is ahead of the possibilities of practical
breeding, because of which production of patho-
gen resistant varieties is late with their introduction
into production. Study on attributes of plant immu-
nity, especially in chosen based on their suitability
for research model plants facilitates understanding
the mechanisms of plant resistance and improving
disease management strategies [3; 4]. Production
of high-quality grain in Kazakhstan is an important
strategic direction, contributing to stabilization of
agriculture, food security of the country and a de-
cent position in the club of grain exporters in the
world market [2].

Puccinia recondita Rob. ex Desm f. sp. tritici or
wheat brown leaf rust is one of the most common
and harmful types of rusts and despite the fact that
its harmfulness is somewhat lower than that of stripe
and yellow rusts, the loss of grain from this disease
for a number of losses over a number of years might
be higher than from the other rusts during the same
period of time with epiphytotic diseases occurring
in Kazakhstan with a frequency of 2-3 times in 10
years with the loss of yield up to 30-50% [5-7].
Losses of the world harvest, only from the brown
rust are estimated in the equivalent of $2 billion [8;
9]. The harmfulness of brown rust is manifested in a
decrease in plant assimilation, enhancement of tran-
spiration, respiration and biochemical processes,
with a complete disturbance of the water balance,
causing premature death of the leaves. The disease
inhibits synthesis and deposition of starch, as well as
protein in the endosperm, resulting in the formation
of a frail grain. With severe damage to plants, fewer
grains are formed in the ears, they are of poor qual-
ity and with a reduced protein content. The shortage
of the harvest depends on the pathogenicity of the
pathogen, crop resistance, weather conditions and
other [7].

Creation of pathogen-resistant varieties of
cultivated plants by methods of traditional breeding
is long-term, and the evolution of pathogens is ahead
of the possibilities of practical breeding, resulting
in creation of varieties resistant to pathogens being
late with their introduction into the production cycle
[10]. An important mean of control is breeding of
wheat with application of new, non-traditional

techniques, combining the efforts of classical
breeders, geneticists, biochemists, physiologists,
immunologists and biotechnologists, as only the
complex approach may increase the breeding
performance. This trend implies, first, identifying
the biological signs that provide the best possible
adaptation to the natural conditions of the arid zone
in order to obtain initial material for breeding of new
productive varieties [11].

On the south-eastern part of Kazakhstan primary
staple culture is soft wheat, which is currently infested
by the brown rust. Brachypodium (B.) distachyon
is the only annual wild grass, phylogenetically
closely related to the most important cereal crops —
wheat, barley, rice, has a number of advantages (a
relatively small size of genome, consisting of five
chromosomes with a capacity of 272 million base
pairs, 15-20 cm in height, ease of cultivation in the
laboratory conditions), which makes it a convenient
object for fundamental and innovative applied
research in the field of cell biology, biochemistry,
molecular genetics and agricultural biotechnology;
leading scientists from all over the world contributed
to the development of its resources and research
tools, in particular, the BrachyTAG project with
the basic goal of identifying key genes involved
in its development, reproduction, bioenergetics,
adaptation to environmental factors, including the
study of the resistance of cultural grasses to the most
harmful and common diseases (rust, septoriosis,
fusariosis) [3; 12; 13].

Earlier in a number of works, it was shown that
brown rust could infect B.distachyon: the formation
of pustules, necrotic spots, and indicative of the
hypersensitivity response of plant to the action of
the pathogen [5]. However, the detailed study of
the mechanisms underlying the nonhost resistance
in the model object B. distachyon to the action of
brown rust never performed earlier.

Our scientific group is the first in Kazakhstan,
engaged in detailed studies on the use of B. distachyon
as a model object for studying changes caused by the
brown rust pathogen. In the process of completion the
research work on the project “Introduction of a new
model object Brachypodium distachyon L. into the
breeding practice in order to improve the resistance
of cereals to biotic environmental factors” (SR No.
0115RK00382), work continued in “Physiological
and biochemical mechanisms of nonhost resistance
of the model object Brachypodium distachyon L.
to brown leaf rust”. Within the framework of the
project the influence of P. recondita on the activity
of a number of stress enzymes in B. distachyon
(standard resistant line Bd21) and soft wheat (two
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varieties with different degrees of resistance — Kaz.

(Kazakhstanskaya) early and Kaz. 19) prior and

upon the pathogen infection, the composition of the

storage proteins in the endosperm of Bd and soft

wheat were estimated among the rest. Some results

of this study are presented in the current paper.
Materials and methods

Seeds of B. distachyon L. (Bd21 line) were
obtained from the RIKEN BioResource Center
(Tsukuba City, Ibaraki, Japan). Wheat varieties
were picked on their degree of resistance and
susceptibility to P. recondita. According to the
assessment of Kazakh SRI for Arable Farming
and Plant Growing (Almalybak, Almaty region,
Kazakhstan) and SRI of Biological Security
Issues, MES RK (Gvardeyskyi, Zhambyl region,
Kazakhstan) Kaz. 19 variety possesses a resistance
to the brown rust (15%), and Kaz. early variety is
affected up to 40%. According to the laboratory
assessment of the quality of grain by RK state
commission for variety testing both varieties meet
the requirements of the state standard No.1046-
2008 14-day old seedlings of B. distachyon and
chosen wheat varieties served the material of

the study. Prior to growing seeds were soaked
for 5 minutes in a weak solution of potassium
permanganate at a temperature of 25°C. Treated
seeds were washed for 5 minutes in running
water, then for 5 minutes three times with sterile
water. Seeds were placed in plastic Petri dishes
and germinated for 48 hours in a thermostat at a
temperature of 25°C. After 48 hours, sprouts were
germinated at room temperature at the light. In the
process of germination sprouts were watered with
chilled boiled water (Figure 1).

Sowing of wheat seeds on plots 1 m wide with
a row spacing of 15 cm was carried out annually
by hand. 20 seeds of wheat were planted in each
row and 12 seeds of Bd21. Seeds were sown every
year in the same calendar periods as the control
group in order to analyze plants resistance to the
leaf brown rust. Bd21 seeds germination was
94%., while wheat seeds one — 97-98%. In the two
leaves growth phase, the plants of the experimental
variant were inoculated with urediniospores, while
control consisted of untreated plants. Kazakhstani
population of fungus spores P. recondita provided
by the SRI of Biological Security Issues, MES RK
(Gvardeyskyi, Zhambyl region, Kazakhstan).

Figure 1 — Growth and development of the model system Brachypodium distachyon.
Note: A —in the laboratory; B — in the field; C — plant material for the morphometric analysis

P. recondita infection of the plants of the
experimental sample was carried out in the
tillering phase, by inoculation with urediniospores
(Figure 2). Inoculum has been activated during 30
min at a temperature of 37-40°C, and it has been
watered in a wet chamber during 4 hours. The
plants were sprayed with an aqueous suspension
of P. recondita spores which contented 0.001%
of Twin-80, contagion pathogen load was 20 mg/
m?. Plants treatment was carried out after pre-
moisturizing in the evening time and high humidity

ISSN 1563-0218; eISSN 2617-7498

conditions were constructed (by covering with
polyethylene film). There were untreated plants in
the control. Infection symptoms were registered in
7-9 days. Sustainability to the brown rust of wheat
and Bd21 were screened in the field conditions.
Immunological analysis was performed according
to R.A. MclIntosh, where there are 5 types of
reaction such as 0 is immune, damage is not
observed; R is resistant, the plant ability to resist
pathogen action; MR is moderately stable; MS is
moderately susceptible; S is susceptible [14].
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Figure 2 — Puccinia recondita spores preparation to the germination and infection the plants in a field condition.
Note: A — spores germination; B — treatment; C — pustules on plants

The identification of morphometric features was
carried out in accordance with I. Ermakov conven-
tional methods (2007).

The analysis of the contamination by P. recon-
dita spores was carried out on from 8" to 11" days
after inoculation according to generally accepted
procedure [6].

A grain analyzer of protein and humidity based
on the Near Infrared Spectroscopy (NIR) meth-
od, GrainAZX-50 portable grain analyzer, Zeltex
(USA) was used to determine grain protein content
in wheat and Bd21, automatic calibration of the in-
strument was carried out by software. 25 grains were
assessed to determine the protein content of wheat,
and 50 grains of B. distachyon. Protein content is %
to dry weight of grain. The total protein content of
the leaves (mg/ml) was estimated by a microbiuretic
method using Benedict reagent at a wavelength of
330 nm [15; 16]. Estimation of free proline in leaves
was carried out by L. Bates method (1973).

Extraction of the storage proteins of endosperm,
gliadins, and glutenins. The glutenins were fraction-
ated with a buffer solution (pH 6.8). Separation of
glutenins in an alkaline condition was carried out
according to U. Laemmli (1970), in acidic — accord-
ing to Poperelya (1989). High molecular weight glu-
tenin subunits (HMGS) were identified by compar-
ing the electrophoregrams of the analyzed sample
with the spectrum of assay varieties according to
the catalog. Gliadin extraction was performed with
70% ethanol. Electrophoresis was performed in
polyacrylamide gel in glycine acetate buffer pH 3.1.
Gels were fixed in 10% trichloroacetic acid, stained
with 0.2% Coomassie R-250. Gliadin components
were recorded by their electrophoretic mobility in
the gel within a, B, v and ® subfractions. Analysis
of seed storage proteins was carried out in an alka-

line (sodium dodecyl sulphate electrophoresis) and
acidic systems according to G. Galili (1983).

For estimation of superoxide dismutase (SOD),
samples were placed on the gels in 20% glycerol and
electrophoresis was performed at §0 to 120 V (two
mA/tube) until the bromphenol blue marker dye had
swept through most of the gel. Protein was stained
by immersion of the gels in 0.2% amido black in 7%
acetic acid for 1 hour followed by destaining in 7%
acetic acid. SOD was localized by soaking the gels
in 2.45 x 10 M nitro blue tetrazolium for 20 min,
followed by an immersion, for 15 min, in a solution
containing 0.028 M tetramethylethylenediamine,
2.8 x 10° M riboflavin, and 0.036 M potassium
phosphate at pH 7.8. The gels were then placed in
small dry test tubes and illuminated for 5 to 15 min.
During illumination, the gels became uniformly
blue except at positions containing superoxide dis-
mutase. [llumination was discontinued, when maxi-
mum contrast between the achromatic zones and the
general blue color had been achieved. The gels were
then photographed [17].

For estimation of nitrogen metabolism enzymes
(GDG) leaves (200 mg) were chilled for 1 hour and
then crushed with 2 ml extraction medium, con-
taining 0-2 M Tris-buffer (pH 8.0), 0.1 M KH8PO4
and 1mM mercaptoethanol in a chilled mortar. The
homogenate was filtered. The filtrate was centri-
fuged at 4 °C at 3500 rpm/min for 20 min. The
supernatant was used as the enzyme source. The
reaction was initiated by adding the enzyme extract
to 0.5 ml of incubation mixture at 30°C. The assay
mixture in a total volume of 1.5 ml contained 10
ml of 0.2 M Tris-buffer (pH 8.0), 0.2 ml of 0.2 M
2-oxoglutarate, 0.1 ml of 50 mM NADH and 0.2
ml of 1.5 M NH,Cl. After 4 min, the reaction was
terminated by adding 0-5 ml of 2,4-dinitrophenyl-
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hydrazine (01 per cent in 2 n HC1) to 0-5 ml of
reaction mixture after which 0-5 ml of benzyl alco-
hol (solvent specific for 2-oxoglutarate) was add-
ed. The contents were mixed for 2 min, and were
then centrifuged at low speed (1500 rpm/min') to
separate the aqueous and the alcoholic fractions,
0-5 ml of 10 per cent Na,CO, was then added to the
latter and was mixed thoroughly. At denned time
intervals (5 min), 2.5 ml of 1 n NaOH solution was
added to each sample. A red to orange-red color
developed, the optical density of which was mea-
sured at 420 nm [18].

Statistic processing of the results was done by
Excel and according to P. Rokickij (1973).

Results of research

Crop yield is the criterion for assessing the qual-
ity of a variety. It depends on various factors. The
following indicators are important elements of the
crop structure: the number of productive stems from
the unit area, the length of the ear, the number of
spikelets in the ear, the number of grains in the ear,
the mass of grains from one ear and the mass of 1000
grains. The productivity of plants is determined by a
different combination of quantitative characteristics,
which in turn are the result of a complex interaction
of the genotype and environmental conditions. The
mass of 1000 grains in grams reflects the amount
of substance contained in the grain, its density and
size. It is also an indicator of the quality of seed ma-

terial taken into account in determining the seeding
rate, largely determines its germination and viability
[19].

The control over the yield formation gives a
possibility to determine and compare the elements
due to them the potential for productivity can be, to
identify the critical stages in plants organogenesis
during which reducing the elements of potential pro-
ductivity passes, and to determine which elements of
productivity are most stable under unfavorable con-
ditions [20]. The analysis of morphogenesis contri-
bution to productivity using the method of structural
analysis of ripened plants according to the elements
of shoot productivity is most promising because of
its informative impact [21]. Spike productivity is a
complex trait, which depends on the interaction of a
number of features, such as length of shoot and ear,
the number of spikelets in spike, number of grains
per spike and thousand-grain weight [22].

We analyzed the features of crop formation in
soft wheat and B. distachyon under the action of P.
recondita. During the structural analysis, the indi-
ces of the productivity elements were estimated,
which determine the main components of the crop:
productive bushiness, plant height, length of the
main spike, number of grains of the main spike, the
mass of grain from the main spike and mass of 1000
grains. The results of the morphometric analysis re-
vealed that the pathogen exerted an inhibitory effect
on the parameters of the elements of productivity in
wheat and B. distachyon (Table 1).

Table 1 — Effect of Puccinia recondita pathogen on productivity elements in spring wheat varieties Kazakhstanskaya 19 and

Kazakhstanskaya early differing in rust tolerance and B. distachyon

Vari- Plant height, cm Il;{l(;(ljllllggs\;? Main spike IOOQ-grain
ant number Spike length, cm Grain number Grain weight, g weight, g
Kaz. 19
124.61+0.40 5.50+0.51 10.48+0.43 46.58+0.50 2.81+0.33 45.86+0.49
E 119.23+0.49%* 3.18+0.38%** 8.38+0.37** 40.28+0.45%* 1.3140.32%%* 31.64+0.30%**
Kaz. early
C 126.38+0.48 5.68+0.47 10.24+0.49 42.40+0.65 3.03+£0.23 43.41+0.58
E 108.16+£0.35%%** 3.1540.36%%* 8.28+0.44* 37.08+0.47%** 1.52+0.47* 35.44+0.41%%*
B. distachyon
C 21.63+0.46 14.44+0.65 2.94+0.33 51.04+0.68 0.22+0.01 4.01+0.27
E 12.0140.45%%* 5.8440.37%%* 1.66 £0.21%* 45.16+0.47%** 0.16+0.01%** 2.80+0.18**
C —control, E — experiment; * under P < 0.05; ** under P <0.01; *** under P < 0.001 comparative to control
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A comparative analysis of the effect of the
pathogen on wheat genotypes shows a significant
decrease in the indices of quantitative traits in
infected plants (Table 1). Structural analysis of
main spike traits such as “length”, “number of
grains” and “grain weight” revealed that length
of the main spike is 2.94+0.33 cm in control,
while experiment’s significantly decreases to
1.66£0.21 cm. The trait “number of grains”
is reduced by 12%. The grain weight of the
main spike of B. distachyon under pathogen
influence decreased by 28%. The main indicator
of productivity elements “1000 grains weight”
significantly decreases by 31% (4.01 + 0.27 g —
control and 2.80 + 0.18 g — experiment). Wheat
grains are frail, especially in the Kaz. early,
e.g. the weight of grain from the main spike of
Kaz. early in control plants — 3.03+£0.23 g, after
infection — 1.52+0.47 g, 1000 grains weight in

the control is 43.41+0.58 g, and after infection
with the pathogen — 35.44+0.41 g.

Symptoms of infection were recorded on the 7™
day, which on the upper side of leaves, less on leaf
vaginas as in the form of brown pustules (uredinia)
0f 0.5-2.0 mm in diameter were manifested.

Immunological analysis results are presented
in Table 2. Immunological evaluation revealed
maximum resistance to brown rust in B. distachyon
plantsat primary and secondary screening (67MR and
12MS, respectively). The Kaz. early characterized
by moderate resistance to rust during at primary
screening showed relatively high susceptibility
at adult stage (60-70S). The Kaz. 19 variety with
relative resistance at secondary screening was
moderately susceptible.

Under contamination with a pathogen, grain
protein content did not change in Kaz. 19 and Kaz.
early varieties (Table 3).

Table 2 — Immunological screening of B. distachyon and wheat plants for resistance to P. recondita

) ) Bd21 | Kaz. early | Kaz. 19
Variants of experiments
Degree of damage
Control 75R | 53MR | 83MR
Primary screening
Treatment by Puccinia 67TMR | 40MS | 39MR
recondita Secondary screening
12M$ | 658 | 45MS

R —resistant type of the reaction; MR — moderately stable; MS — moderately susceptible; S — susceptible

Table 3 — P. recondita influence on protein content in wheat and B. distachyon grain

Variants of experiments Protein content in grain, %
Kaz.19
control 15.28+0.04
experiment 15.16+0.05
Kaz.early
control 15.22+0.11
experiment 15.1240.08
B.distachyon
control 14.96+0.13
experiment 14.66+0.11
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The pathogen also did not affect grain pro-
tein content in Bd21 (14.96+0.13% — control, and
14.66+0.11% — experiment).

The functional properties of storage proteins
are of great importance in nutrition and in indus-
trial transformation. The spectra of glutenins and
gliadins are reliable genetic characteristics of any
variety; they allow determining the nature of the in-
heritance of alleles of the initial and hybrid forms.

Analysis of storage proteins in seeds of B. dis-
tachyon and wheat was carried out in alkaline (SDS-
Na electrophoresis) and acidic systems. Compara-
tive analysis of the composition of storage proteins
in a grain of healthy plants (control — ¢) and grain
of plants infected with the pathogen (experiment —
0) showed the following. By the composition of the
high-molecular-weight glutenin subunits (HMW-
GS), Kaz. early has a 2* subunit encoded by the
GlulA locus, 7+9 subunits encoded by the GlulB

1 c 2 c g
Kaz.19

Kaz.early

locus and 5+12 subunits encoded by the GlulD lo-
cus. The composition of HMW-GS in Kaz. 19-2%*;
7*+9; 5+10. It is these subunits, which contribute to
the potential baking quality, are highly ranked and
the total quality assessment for these varieties for
glutenin is 9 points. The effect of the pathogen on
HMW-GS is not significantly expressed; however,
the intensity of the bands in the gliadin and HMW-
GS zone is diminished (shown on Figure 3).

In the spectrum of wheat prolamin (gliadins)
fractionated in the acidic system, changes in the ac-
cumulation of components under the influence of
the pathogen are clearly noted. The prolamin spec-
trum of wheat is usually divided into a, B-, y- and
o-bands. In the experimental variants of both wheat
varieties, the intensity of manifestation of the com-
ponent ® 9 (on Figure 9, B indicated by an arrow) is
considerably weaker in comparison with the control
samples.

Kaz 19

Kaz.early

Figure 3 — Spectrum of storage proteins in soft wheat in alkaline (A) and acidic (B) electrophoretic systems.
Note: 1—reference variety of winter soft wheat Bogarnaya 56, ¢ — control, e — experiment,
HMW — high molecular weight, LMW — low molecular weight

It is known that slow-moving components
® of the wheat zone (8 and 9) are controlled by
D genome and affect the baking parameters.
It can be assumed that the damage to plants by
the pathogen negatively affects the quality. The
weakening of the intensity of the components in
the experimental samples was also noted for the

ISSN 1563-0218; eISSN 2617-7498

gliadin bands — a, B-, y. The data obtained shows
that the pathogen causes changes in the accumu-
lation of a number of components of the storage
proteins in wheat seeds.

The reaction of B. distachyon plants to the infec-
tion was studied on the spectrum of storage proteins
fractionated in both systems (Figure 4).
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Figure 4 — Electrophoregrams of storage proteins of B. distachyon in alkaline (A) and acidic (B) systems.
Note: p — prolamines, ¢ — control, e — experiment

The spectrum of storage proteins of B.distachyon
seeds, obtained by SDS Na-electrophoresis (Figure
4, A), does not have slowly moving HMW-GS
analogous to wheat grains, barley glutenins.
Components in the middle part of the gel, apparently,
are not prolamines, because when fractionated in
an acidic system, these proteins are not detected or
present in traces (Figure 4, B).

Also in the spectrum of the wild grass, there
are fast-moving proteins that belong in wheat to
the albumin-globulin fraction. In the spectrum of B.
distachyon storage proteins, there is no decrease in
the intensity of manifestation of the components of
the protein spectrum in the experiment relatively to
control. The reduction of the intensity of expression
in the spectrum of storage proteins of B. distachyon

is not observed in the experimental samples in
comparison to control. Soluble proteins, including
lectins, due to their physicochemical properties, play
an important role in plant adaptation. Accumulation
of lectins is closely related to the induction of the
host plant stability. Interaction of lectins with
carbohydrate components of phytopathogens can
trigger, in response to microbial infection, a chain
of protective reactions in the host plant [23-25].

A comparative study of soluble protein content
in the leaves of B. distachyon and wheat seedlings
showed that its content in B. distachyon leaves
(0.464 + 0.03 mg/ml) statistically reliably exceeds
its content in soft wheat by 40-42%, in the roots,
such difference varies within the limits of 19-36%
(Table 4).

Table 4 — Comparative study of soluble protein content in leaves and roots of soft wheat and B. distachyon seedlings before and after

infection with the pathogen

) Content of soluble protein, mg/ml
Object of study - -
in leaves in roots
before infection with the pathogen
B. distachyon 0.464+0.03 0.11+0.003
Kaz. 19 0.186+0.01%** 0.07+0.01**
Kaz. early 0.195+0.01%** 0.09+0.01
after infection with the pathogen
B. distachyon 0.452+0.01 0.10+0.01
Kaz. early 0.210£0.01%** 0.09+0.01
Kaz. 19 0.172+0.02%%*%* 0.06:+0.02
* —under P<0.005, ** —under P<0.01, *** —under P<0.001 as compared to control
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The dataobtained (Table 4) also shows alterations
in the protein content in the roots of wheat and B.
distachyon after infection with P. recondita. The
decrease in protein content in Kaz. 19 is 14.3%, and
in B. distachyon, 9.1%. At the same time, the Kaz.
early shows an increase of 12.5%. It is known that
suppressors of the fungus, inhibit plant resistance
to infection and the protective biosynthetic activity
of damaged tissues, immunosuppressors are
natural antagonists of elicitors and induce in plants
a susceptibility to diseases. It can be proposed
that the reaction of plants to the influence of the
phytopathogen is associated with a decrease in
the rate of formation of protective reactions and
inhibition of the biosynthetic activity in affected
tissues, including activation of soluble proteins [26-
28].

In plants, free proline accumulates in response
to various abiotic and biotic stresses: water
deficiency, salinization, pathogen infection, etc.
[29-31]. According to the results of the experiment,
the proline content of B. distachyon control plants
is almost two times lower than that in soft wheat
varieties. After infection with P. recondita, the
content of free proline in the leaves of seedlings
in Kaz. 19 variety statistically increases by 43% in
comparison with control, in Kaz. early by 59%, and
in B. distachyon —30% (Table 5).

A change in the activity of enzymes of
metabolism is one of the significant criteria changes
the genetic apparatus exposed to mutagens. In this
regard, of particular interest is the study of the activity
of several key enzymes of antioxidant system in

mutant genotypes as compared to the initial variety.
The study of enzymatic activity makes it possible
to judge the intensity of the metabolism of the plant
body, and more reliably estimate the vitality of these
mutant genotypes.

SOD is a metalloenzyme that performs a key
function in the mechanism of protection against oxi-
dative stress in all aerobic organisms. Catalyzes the
decomposition of 05 to O, andH,0;. The study of
SOD activity shows that before the infection with
the pathogen, its content in the leaves of the studied
wheat varieties (control) equals to 18-29 pg protein/
min, whereas, in B. distachyon, this indicator is low-
er. Plant infection results in an increase in enzyme
activity of 37 and 24% relatively to control in wheat
varieties, Kaz. early and Kaz. 19, while B. distachy-
on does not show significant changes in enzyme
activity. Activation of SOD with an increase in the
effect of superoxide radicals on plants presumably
provides protection of plant cells and tissues against
oxidative damage.

The study of SOD activity showed that before
the pathogen was damaged, its content in the leaves
of the studied wheat varieties (control) was 18-29 pg
of protein/min, whereas in B. distachyon this indica-
tor was lower (Figure 5). Infection of plants led to
an increase in enzyme activity by 37 and 24% rela-
tive to the control in wheat varieties Kaz. early and
Kaz. 19, while B. distachyon showed no significant
changes in the activity of the enzyme. Activation of
SOD while increasing the effects of superoxide radi-
cals on plants presumably protects plant cells and
tissues from oxidative damage.

Table 5 — Free prolin content in seedlings of wheat and B. distachyon under P.recondita action

Variants of experiments Free prolin content in wheat and B. distachyon, mg/g
leaves roots
B.distachyon
control 0.23+0.02 0.17+0.02
experiment 0.30+0.01* 0.21+0.01
Kaz.19
control 0.39+0.005 0.18+0.01
experiment 0.56+£0.03%* 0.25+0.01*
Kaz.early
control 0.47+0.02 0.12+0.01
experiment 0.75+0.03%** 0.19+0.02*
* —under P<0.005, ** —under P<0.01, *** —under P<(0.001 as compared to control
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Figure 6 — Comparative analysis of SOD activity before and after the pathogen attack

The enzymes of nitrogen metabolism are of
great importance in the processes of plant metabo-
lism. Among the enzymes of nitrogen metabolism,
the most important are enzymes of the metabolism
of the amino acid of the nitrogen exchange — glu-
tamate, which ensures the assimilation of mineral
nitrogen and the synthesis of all amino acids. It is
known that the level of enzyme complex of malate
dehydrogenase and glutamate oxaloacetate ami-
notransferase (EC MDG-GOAT) activity plays an
important role in the detoxification of protein deg-
radation products, and its reduction promotes an in-
crease in the synthesis of aspartate, which is neces-
sary for the synthesis of purines and other valuable
metabolites.

The results of the experiment show that the ac-
tivity of nitrogen exchange enzymes MDG-GOAT
and glutamate dehydrogenase (GDG) in wheat va-
rieties before treatment with the pathogen exceeds
its activity in B. distachyon by 3 and 2 times, re-
spectively. GDG activity in Brachypodium before
the infection with the pathogen is 31.59 £+ 0.04 pM/
mg protein, in Kaz. early is 73.46 £ 0.01 uM/mg
protein, and in Kaz. 19 — 78.63 + 0.01 pM/mg pro-
tein. In turn, the activity of EC in Kaz. 19, as more
resistant to leaf rust, is significantly higher than in
the susceptible variety Kaz. early (329.23 = 0.01 and
267.12 £ 0.01 pM/mg protein, respectively). Since
EC MDG-GOAT participates in a nontoxic pathway
of catabolism of glutamate, it can be assumed that
the high activity of EC promotes plant resistance to
rust.

The analysis of the results (Table 6) showed that
underthe action of the pathogen, there isno significant
increase in the activity of GDG in B. distachyon as
compared to control (4%), in the susceptible variety
of Kaz. early, the activity of GDG increased by

6.4%, in the case of the resistant variety Kaz. 19
enzyme activity increases by 5.7%. In turn, there
was an increase in the activity of MDG-GOAT in B.
distachyon by 4.7%, in Kaz. 19 — 6.4%, and in Kaz.
early — 10%. It is known for genetically-selection
works that wheat is of interest with reduced activity
of GDG since this enzyme releases toxic ammonia
destroying biological membranes as a result of the
oxidative deamination reaction. The level of EC
MDG-GOAT activity plays an important role in the
detoxification of the protein degradation products
formed within the processes of biotic and abiotic
stresses.

Plants with reduced activity of GDG and high
MDG-GOAT survive better under conditions of in-
fection and retain high productivity, which may be
justified by increased resistance to adverse effects of
biotic and abiotic stress factors of the environment
in B. distachyon as a wild grass.

It is known that malate dehydrogenase (MDG)
plays a central role in changing metabolic processes
when adapting plants to the environment.

According to the Table 7, in B. distachyon, the
activity of MDG after infection with the pathogen
slightly decreases to 27.17+0.01 pM/mg of protein.
Wheat varieties show an increase in the activity of
MDG relatively to control: 20% for Kaz. early and
17% for Kaz. 19, and equals to 47.94 + 0.02 and
42.66+0.02 pM/mg, respectively.

It is known that ADH plays a central role in the
anaerobic metabolism of plants. As is known, the
enzyme ADH in plant cells is necessary to maintain
equilibrium in the system of ethanol-acetaldehyde.
It is known that an increase in the concentration of
ethanol and acetaldehyde is often accompanied by a
decrease in the germination of seeds while maintain-
ing their high viability [32].

40 XaOapiubl. buonorus cepusicol. Ned (77). 2018



Zhussupova A.l. et al.

Table 6 — Comparative study of specific activity of nitrogen exchange enzymes in leaves of soft wheat and B. distachyon seedlings

before and after the pathogen infection

Variants of the experiment Specific activity of enzymes, tM/mg of protein
GDG EC MDG-GOAT
B. distachyon

Control 31.59+0.04 110.22+0.03

Upon infection with Precondita 32.98+0.02%** 115.4940.03%**
Kaz. early

Control 73.46+0.01 267.12+0.01

Upon infection with P.recondita 78.16£0.01*** 239.40+0.01%**
Kaz. 19

Control 78.63£0.01 329.23+0.01

Upon infection with Precondita 83.14+0.01%** 350.3440.01%**
*** —under P<0.001 as compared to control

The activity of ADH in B. distachyon after infec-
tion with the pathogen decreases by 6.8% — 82.61 +
0.02*** nM/mg protein. The activity of ADH in Kaz.
early decreases by 4.38% and amounts to 480.19 +
0.02 ** uM/mg of protein, while in Kaz. 19 it increas-
es by 2.3% and equals to 530.36 + 0.02 ** uM/mg of

protein. It should be noted that the activity of alcohol
dehydrogenase (ADH) in B. distachyon is quite low —
5.8 times less than in wheat plants and equals to 88.71
+0.01 uM/mg of protein. ADH activity in Kaz. early
and Kaz. 19 is close to 502.18 + 0.01 and 518.40 +
0.01 uM/mg of protein, respectively.

Table 7 — Activity of enzymes (uM/mg of protein) of energy metabolism in leaves of soft wheat and B. distachyon seedlings before

and after the infection with the pathogen

Variants of the experiment Specific activity of enzymes, pM/mg of protein
MDG ADH
B. distachyon

Control 30.24+0.02 88.71£0.01

Upon infection with P.recondita 27.1740.01%** 82.61£0.02%**
Kaz. early

Control 39.62+0.02 502.18+0.01

Upon infection with Precondita 47.94+0.02%** 480.19+0.02%**
Kaz. 19

Control 36.16+£0.01 518.40+0.01

Upon infection with P.recondita 42.66+0.02%** 530.36+0.02%**
*#% —under P<0.001 as compared to control

Conclusion
Comparative study of molecular genetic and

biochemical features of the model of wild cereal
B.distachyon with related cereal grains enables
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us to understand mechanisms of resistance and
increase of resistance of wheat plants to both
abiotic and biotic factors. A change in the activity
of enzymes of metabolism is one of the significant
criteria changes the genetic apparatus exposed to
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mutagens. In this regard, of particular interest is
the study of the activity of several key enzymes
of nitrogen and energy metabolism in mutant
genotypes as compared to the initial variety, which
makes it possible to judge the intensity of the
metabolism in plant, and more reliably estimate the
vitality of these mutant genotypes. The increased
interest to the composition of storage proteins in
wheat is associated with functional significance
of specific proteins in determination of the baking
properties. Refinement of genetic control and the
identification of new and rare protein subunits,
detected in the course of studying the collection
and breeding material is necessary for a reliable
assessment of samples, as well as for the expansion
ofthe genetic basis of cultivars created by examining
the value of genotypes with specific variants of

alleles and their inclusion in the selection process.
As such, the results of morphometric study show
that the pathogen exerted an inhibitory effect on
the parameters of the elements of productivity
in wheat and B. distachyon. Besides, the activity
of nitrogen exchange enzymes MDG-GOAT and
glutamate dehydrogenase in wheat varieties before
treatment with the pathogen exceeds its activity in
B. distachyon by 3 and 2 times, respectively; the
activity of MDG after infection with the pathogen
slightly decreases to 27.17+0.01 pM/mg of protein.
Plants with reduced activity of GDG and high
MDG-GOAT survive better under conditions of
infection and retain high productivity, which may
be justified by increased resistance to adverse
effects of biotic and abiotic stress factors of the
environment in B. distachyon as a wild grass.
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