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The aim of the research was to conduct basic screening of new lines and cultivars of winter hexaploid
triticale by the technological and molecular genetics indicators. Molecular and genetic research
conducted by polymerase chain reaction allelic variants of gene loci Wx-Al1, Wx-B1, and quality
parameters of grain, flour and bread — on technological markers. The new cultivars and lines of winter
hexaploid triticale of Nosivka Breeding and Research Station of Remeslo Myronivka Institute of Wheat
by technological indicators of grain, flour and bread quality were studied. According to representative
criteria’s the most promising genotypes, which are the main products in terms Forest-Steppe ecotypes’
and a high-quality raw materials for bakeries and bioethanol were identified. Molecular and genetic
identifications of allelic variants of genes loci Wx-Al1, Wx-B1 triticale, which in the early stages of
ontogenesis to predict targeted uses genotypes were conducted. The first among a series of triticale
cultivars and lines Forest-Steppe ecotypes and biotypes with nonfunctional “b” gene allele WxA1, which
defines a high content of amylopectin of starch, an important release for more ethanol was identified.
It was found that technological characteristics of grain, flour and bread of new cultivars and lines of
winter triticale meet the modern requirements production dietetic food and bioenergy products is

important and relevant in the context of food security of Ukraine.
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Triticale is a promising culture for expan-
ding the resource base of baking industry and
bioethanol production. This is a separate plant
genus x Triticosecale created by artificial selec-
tion (from Triticum — the wheat
genus, and Secale — the rye genus) [1-3]. This
artificial plant is of interest due to its nutri-
tional value which largely surpasses in many
aspects those of wheat and rye. Nutritional
value of triticale grain is caused by high con-
tent of protein, essential amino acids, minerals,
vitamins B, PP, E, and carotenoids. It should
also be noted that the triticale culture is not
very discriminative of growing conditions and
is the most capable among other crops in the area
of weak implementation of biological potentials.
Currently, there is a number of winter and
spring triticale sorts with high productivity,
grain quality, and stable expression of economic
characters [4—6]. Not all of the sorts present the

valued economic characteristics that meet the
requirements of baking and alcohol-distilling
use [7, 8]. Thus expansion of gene pool of triti-
cale with such properties isimportant for nation-
al nutritional safety.

The aim of the work was to screen new
lines and sorts of hexaploid winter triticale
by technologic features and molecular genetic
markers.

Materials and Methods

In 2008-2015, we bred new lines and sorts
of winter triticale (Pshenychne, Slavetne,
Chaian, -5 2010, IIC 2-12, IIC 1-12)
and studied their genotypic and phenotypic
characters in the conditions of Polissia and
Forest-Steppe ecotopes (Nosivska selection
and research station of Remeslo Myronivka
Institute of Wheat of NAAS of Ukraine).
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Evaluation of triticale grain and flour
by the cereal, protein-proteinase, and
carbohydrate-amylase complexes, and of the
triticale bread was done in collaboration with
Yuriev Plant Production Institute of NAAS
of Ukraine in the grain quality laboratory.
Extraction of total DNA from triticale grain
was conducted according to [9-11], with
certain modifications. Gene polymorphism
analysis was performed using uniplex and
multiplex PCR with specific primers by
pre-designed and optimized programs [16].
Reaction solutions were: specific primers,
2 mcl of buffer for PCR 10xDreamTaq™ Green
Buffer (Thermo Scientific), 0,2 mM of skin
deoxyribonucleotide-3-phosphate (Scientific),
0,5 unites of polymerase DreamTaq™ DNA
Polymerase (Thermo Scientific), 30 ng of
total plant DNA, de-ionized water Milli-@ till
the end volume of 20 mcl. Selecting valuable
genotypes with zero alleles of Wx-genes was
done amplifying DNA with primers according
to Vanzetti et al., (2009) and Saito et al.,
(2004) [10, 11], allowing for detection of Wx-
Alb, Wx-B1b alleles. The characteristics of
Wx genes and alleles of triticale are given
in Table 1.

Mathematical and statistical analysis was
conducted according to Dospekhov [12] using
Ecxel 2007 and Statistica 6.0. software.

Results and Discussion

As determined by long-term studies, some
of the triticale genotypes such as AJl 256
(national standard), Pshenychne, Slavetne,
Chaian, -5 2010, IIC_2-12, IIC_1-12 can in
Polissia and Forest-Steppe conditions produce
high stable harvests of quality grain if grown
using scientifically based technologies. It was
shown that the abovementioned genotypes
have high bakery performance, for example,
the grain nature is 690-720 g/1 and 35-44%
vitrescence (flour quality indicators) (Table 2).

Analysis of technological indicators of grain
revealed that the new genotypes lead to the
development of grain consisting of 12.1-
15.5% protein, 22.6-29.3% gluten (Table
3). In particular, the flour of all studied new
genotypes of winter triticale is first-class
due to > 18% gluten content. The minimum
indicator values of protein complex are in the
O 5-2010 line.

Quality baking industry depends on
the dough elasticity. It is determined that
the aforementioned genotypes (namely,
AJIl 256, Slavetne, JI_5-2010, and Chaian),
are characterized by dough elasticity of 52—
65 mm, which eventually positively reflects on
the total baking assessment of 6.5—8.6 points
(Table 3, Fig. 1-4).

Experimentally it was shown that the
content of “raw” protein for all studied grain
genotypes varies insignificantly (except for
Slavetne sort where this indicator is only
12.1% although this is within the error
relative to Al 256 control).

Among the important characteristics
of quality of triticale grain is the quality of
gluten as a combination of physical properties:
elasticity, flexibility and extensibility. The
resistance to compression deformation of
gluten of these triticale varieties and lines
(85-106 cond. u.) is much higher than that of
the common wheat of Yuvivata sort (60-72
cond. u.). Although the grain of all studied
genotypes by the resistance to compression
deformation of gluten belongs to the II quality
group and is characterized as “satisfactorily
weak”, it can be improved with oxidizing
supplements that change gluten.

It should be noted that weak gluten has
high extensibility, minimum elasticity, and
flows quickly [3, 5, 7].

Triticale grain quality depends not only
on the content and quality of gluten, but also
on the grain carbohydrate-amylase complex
(Table 4). Studying the sort peculiarities of
starch content in grain and the carbohydrate-

Table 1. Localization of Wx genes and alleles in the genome of hexaploid triticale [9—11]

Gene Allele Amplicon size, n. p. Chromosome
Wx-Ala 495
Wx-Al Wx-Alb 652 TAS
Wx-Ale 176
Wx-Bla 778
Wx-B1 Wx-Ble 934 4AL
Wx-B1b 668
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Table 2. Performance cereal properties of grain of winter triticale and common wheat

Grain performance indicators
Sort or line anr?ti:flliﬁ:/ao weigg"lgtircl)i,lé)OO bulk density, g/1 vitrescence, %

IIC_1-12 14 58 =1.8% " 715 +4.1" 35=+0.6"
IIC_2-12 14 64 =2.2%" 720 =2.4" 40 = 0.7* "
Slavetne 14 52+ 3.9 716 = 3.0" 13 +£0.8%"
Chaian 14 49 +2.0 695 = 5.2% " 44 +1.0%"
-5 2010 14 48 + 2.3 690 = 2.7% " 29 +0.8% "
Pshenychne 14 55 £ 2.5%" 712 = 3.3% " 38 +0.9%"

AJl 256 (control) 14 48 +£3.9 718 £ 2.0 35+1.1

Yuvivata 60 (wheat) 14 50+ 2.4 786 + 1.6 50 =0.7

Note: hereafter * — P < 0.05 versus control (Al 256); " — P < 0.05 versus wheat.

Table 3. Special (technological) indicators of grain quality of winter triticale and common wheat

by protein-proteinase complex

“Raw” pro- Dough Resistance to
. AW D Raw gluten |Dough extensi- 18 compression Flour
Sort, line tein con- tent. % bilit elasticity, def ti " h
tent, % content,% ility, mm eformation strengh, u. a.
(H def? C.ll.))
IIC_1-12 14.9+0.8% | 27.7T=0.5%" 53 £2.2%" |92+ 3.2%" 90 = 4.5% " 127 = 3.0% "
IIC_2-12 13.7 0.5 29.3 = 1.0% 41 £2.7%" | T8 £2.8%" 88 £3.0% " 119 = 2.1% "
Slavetne 12.1+0.6" 24.0=0.6" 34 +3.4%" |65+2.0%" 95 = 3.6% " 72+2.6"
Chaian 14.5+0.5% | 26.4 =0.4%" 25+1.1" 52 £ 2.1% 95 £2.8%" 94 £ 3.4%"
O-5 2010 12.7=0.5" 22.6 £0.7" 27+ 2.7" 55 %+ 2.5% 97+ 2.1" 70 +1.8%"
Pshenychne | 15.5 +0.7%"| 28.6 = 0.5% 48 £2.8%" |90 £ 2.5% " 85+ 2.7+ " 121 = 2.6% "
ATl 256 (st) | 12.8+0.4 23.8+0.4 28+2.4 59 = 3.3 101 £2.5 75 +2.2
Yuvivata 60 | 14.2+0.5 29.6 + 0.5 82 =25 53 = 2.7 102 = 2.0 272+ 3.4

Table 4. Winter triticale and and common wheat grain characteristics by the carbohydrate-amylase complex

. ) Temperaturq of
Sortlineof | tarch con. | AMlesccon-| Tormenta- | Aualvie | masimumsis, | pottng
’ starch,% starch,% per dry matter gel, ’
Tmaxvic, °C

IIC_1-12 68.5 = 0.6% 22.2+0.7 28.5+0.5 35.5+0.9 83.5+0.7* 178 £14.4
IIC 2-12 64.7+=1.1" 22.6 0.6 29.2+0.8 33.2+x1.4 83.0 £0.6* 181 = 13.0
Slavetne 65.8 £ 0.8" 21.4+0.8 | 27.2=+0.8" 35.0=+1.2 84.9 = 0.4% 176 = 8.2
Chaian 64.0=0.5" [26.2+0.9%"|35.50.7*"| 41.8+1.0*%" 80.4 0.8 172 +9.6
IO-5 2010 65.6 £0.9” |18.8+0.6%"|23.2=+0.7%"| 45.6 =0.8* " 86.2 = 0.3% 199 =11.7
Pshenychne 67.6 =0.5% 23.4+1.3 30.5+1.0 34.7+1.5 80.7+0.4 170 = 9.6
ATl 256 (st) 65.2 0.8 21.9+0.7 28.0=0.8 36.6 1.4 84.1+0.3 181 £8.0

Yuvivata 60 67.8+0.6 - - - - -
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Fig. 1. Ear, grain and bread of Pshenychne line
of winter triticale

Il
1

—

Fig. 3. Ear, grain and bread of Slavetne
of winter triticale

amylase complex allowed to determine
that the starch content in the grain of
aforementioned sorts and lines of triticale
is quite high and ranges 64.0-68.5% . The
starch is the main grain component, which
is why its content, state and properties
always impact the rheological properties of
dough and therefore the quality of the final
products. It should be noted that triticale
grain contains a significant total amount
of sugars and has a lower temperature of
starch gelatinization, and highly active
a-amylase [13].

Lately the Ukrainian baking industry
practices the method of estimation of falling
number index by viscosity, as is widely
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ig. 2. Ear and bread of Chaian line
of winter triticale
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Fig. 4. Ear and bread of /I-5-2010 line
of winter triticale

referred to in other countries [5, 14] as Ak
“Hagberg falling number” (HFN). This index
reflects the activity of special enzymes,
mostly a-amylases that that break down starch
molecules into sugars with intense release
of CO,, influencing the porosity and bread
structure. The preferable a—amylase level is
low [3, 7] because otherwise there is active
re-synthesis of starch and the dough becomes
viscose and sticky.

High falling number is an important
indicator of baking quality of triticale grain,
caused by low autolytic activity of a-amylase
enzymes that convert starch amylose into
glucose and maltose [5, 7] resulting in high
protein content.
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Our experiments reveal that the least
autolytic activity of the studied sorts and
lines of triticale grain is in lines IIC_1-12 and
Pshenychne (33.2 and 34.7% respectively)
and the maximum is in -5 2010 (Table 4)
which is characterized by the highest activity
of amylases and a-amylase in particular
and therefore is the least suitable for the
production of bakery products.

High amylase content in the grain of
studied triticale genotypes is confirmed by
identification, in all sorts and lines, of wild
type alleles coding isoforms of GBSS 1 enzyme
(granulebound starch synthase = ADP glucose
starch glycosyl transferase, EC2.4 1.21 =
GBSS 1). The relevant genes are located in
4AL chromosome shoulders [12—-14, 19]. In
particular,, the alleles “a” (amplification size
495 n. p.) and “e” (176 n. p.) in the Wx-A1l gene
locus, and alleles “a” (778 n. p.) and “e” (934 n.
p.) of Wx-B1 gene locus (Fig. 5, 6) were found.

Molecular genetic screening for winter
triticale grain by alleles of Wx-genes
confirmed the physical and chemical
composition of starch. Particularly, in
the I-5 2010 the not-functioning null
allele “b” of Wx-Al gene was found, 652
n. p. in size, with the 5’-CGGCGTCGGG
TCCATAGATC-3" sequence (Fig. 6), chich
does not influence the expression of
synthesis of granulebound starch synthase.

[ -
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Fig. 5. Electrophoregram of Wx-A1 gene

amplification products:

1—T1IC 1-12;

2 —TIC 2-12;

3 — Slavetne;

4 — Chaian;

5 —D-5_2010;

6 — Pshenychne;

7 — Al 256;

8 — control sample of triticale with wild type allele
(Wx-Ala);

9 — control sample of triticale with null allele of
Wix-Alb gene;

10 — control sample of wheat with null allele of Wx-

Alb gene;

11 — control sample of wheat with wild type allele
(Wx-Ala), the Gardemarin sort;

-C — negative control (without DNA);

M — molecular weight marker GeneRuler™ DNA
Ladder Mix

The 668 n.p. amplicon — product of Wx-
B1b gene — was not found in any of studied
samples of winter triticale.

Amylopectin, which is part of the starch
granules, is hydrolyzed by amylase enzymes
better than the amylose [15-19]. Starch
granules of amylopectin are physically
unstable against mechanical stress during
grain grinding, so they are easily broken
and thus the total surface of the starch
granules that are attacked by amilases
increases significantly [13, 20]. This causes
the acceleration of starch hydrolysis by
amylase, which is important in shaping the
raw material for alcohol- distillate and bakery
production [2, 16]. Temperature of maximum
viscosity of starch gel shows the ratio of
amylose and amylopectin polysaccharides in
starch granules. The results of our studies on
reciprocal interdependence of temperature
values of maximum viscosity of starch gel
and amylose content and fermentability are
consistent with data of some other authors
[17, 18]. By temperature values of maximum
viscosity of starch gel (T,,,s), the grains of
new winter triticale genotypes are variable,
as confirmed by different amylose contents in
studied samples (Table 5). The only exception
is the triticale line I-5_2010 with T,,,, higher
approximately 7.2% than in others, and
with the highest amilopectin level in starch
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Fig. 6. Electrophoregram of Wx-B1 gene
amplification products:
1 —TIC 1-12;
2 —TIC 2-12;
3 — Slavetne;
4 — Chaian;
5 — -5 2010;
6 — Pshenychne;
7 — Al 256;
8 — control sample of triticale with wild type allele
(Wx-Ala);
9 — control sample of triticale with null allele of
Wx-B1b gene;
10 — control sample of wheat with null allele of Wx-
B1b gene;

11 — control sample of wheat with wild type allele
(Wx-Ala), the Gardemarin sort;

-C — negative control (without DNA);

M — molecular weight marker GeneRuler™ DNA
Ladder Mix
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Table 5. Average indicators of quality of winter triticale and winter soft wheat bread

Volumetric Specific
. Moisture Acidity, o bread outut | Total baking p

Sort, line o Porosity,% . . volume,

content,% pH of 100 g of | rating, points em?/ 100
dough, cm® g
IIc _1-12 54.0+0.2*" | 5,1 *0.1" | 41.1+1.3" 490 = 5.2* " 9.0 +0.3% 1.37+0.1"
IIC_2-12 53.7+=0.1*" | 5,0*+0.2" | 39.6 =1.7" 470 =4.4% " 8.5+0.4 1.35+0.1"
Slavetne 55.6+0.4" | 5.6 =0.1" | 40.5*x1.4" 460 = 3.8* " 8.6 0.6 1.34 =0.2"
Chaian 52.2+0.2%*" | 4.8+0.2" | 39.3+2.6" 430 = 3.0* " 8.2+0.6 1.31+0.1"
o-5 2010 56.8+0.3*" | 6.1=0.3%"| 25.8*+1.1*" | 390=*=6.6*" | 6.5+0.3*" | 1.20=0.1"
Pshenychne 53.0+0.3*" | 5.2+=0.1"| 40.4=*2.0" 480 = 6.1* " 9.0+0.5 1.34+0.1"
AJl 256 55.1+0.2 5.83+0.4 40.2+1.6 440 = 5.3 8.0+0.4 1.33+0.2
Yuvivata 60 [50.2+0.3 3.5+0.3 64.8+2.4 590 £ 6.5 8.7+0.6 3.24 0.2

granules (81.2%), which is indicative of
valuable raw material for bioethanol industry.

Analysis of quality indicators of
products made it possible to identify the
best bakery triticale genotypes: IIC_1-12,
IIC _1-12, Chaian, Pshenychne, Al 256.
Bread, made from grain of triticale line
IO-5 2010 was of worse quality. This is due
to low content of raw gluten and increased
amylase activity. In addition, low gluten
content in grain triticale lines indicated
poor porosity makes bread. In addition,
low gluten content in grain of that triticale
line causes poor bread porosity. The biggest
porosity of 39.3-41.1% characterized the
bread made of triticale grain of IIC_1-12,
Slavetne, Pshenychne lines. The bread with
highest specific volume (1.37 cm?®/g) was
made from triticale flour of IIC_1-12 line,
characterizing it as the most promising
for baking. Pshenychne and IIC 2-12
triticale lines, characterized by high levels
of protein-proteinase and carbohydrate-
amylase complex, perform well in bakery
products and are also noteworthy.

Hence, here molecular and genetic
markers and technological indicators of
grain, flour and bread of new sorts and lines
of hexaploid winter triticale were studied at
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Nosivka Breeding and Research Station of
Remeslo Myronivka Institute of Wheat of
the National Agrarian Academy of Sciences
of Ukraine. Of the triticale genotypes
grown in Polissia and forest-steppe ecotope
conditions, the most promising genotypes
were chosen by relevant criteria in order
to determine producers of quality raw
material for baking and bioethanol industry.
Identification of allelic variants of genes
Wx-Al, Wx-B1 allows to determine the
targeting use of genotypes at the early stages
of ontogeny. For the first time, among a
number of triticale varieties and lines grown
in Polissia and Forest-Steppe ecotopes,
biotypes with nonfunctional (A1b) allele
of Wx gene which defines the high content
of amylopectin in starch of the grain was
identified, which is important for increasing
the output of bioethanol.

It is found that high-performance
protein-proteinase and carbohydrate-
amylase complexes, and qualitative
assessment of bakery products as well as
of new varieties of winter triticale lines
meet modern requirements for effective
processing and production of important
dietary food products, which is important
and a priority in the context of food security
of Ukraine.
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HOBI TEHOTHIIN
TA TEXHOJIOTTYHI IIOKASHUERKH
TPUTHRAJE OSHUMOI'O

T. 3. Mockaneyw®, C. IT. Bacuavkiscoruiil,
B. B. Mopzyn?, B. I. Mocka.neys®,
B. B. Mockaneuv', B. K. Pubanvuenko®

lBinouepHchmcHﬁ HaIiOHAJILHUI arpapHuii
yHiBepcurer, YKpaina
2IHc'rI/ITyT KJIiTuHHOI 6i0JI0Tii Ta TeHeTUYHOI
inxenepii HAH Vkpainu, Kuis
3Hociscbka CeJIeKITiTHO-TOCJifHA CTaHITisa
MupoHiBCHKOTO iHCTUTYTY HITTEHUIIL
im. B. M. Pemeciia HAAH VYkpaianu
‘*KuiBcbKuil HAiOHATIBHMIIT yHiBepCUTET
imeni Tapaca IlleBuenka, YKpaina

Meroio po6oTu 0yJi0 BUBUEHHS HOBUX JIiHiN
Ta COPTiB reKCaIJIOIZHOTO TPUTHUKAJIE O3MMOTO 3a
TEXHOJOTIYHUMU IMMOKA3HUKAMU Ta MOJEKYJIap-
HO-T€EHeTMYHUMHU MapKepaMu. MoJeKyJIapHO-
TeHEeTUYHI IOCJiIKeHHA TPOBEJEHO 3a JOIIOMO-
TOI0 ITOJIiMEePas3HOl JIAHITIOTOBOI peakIlii ajJeIbHIX
BapiaHTiB JOKYyciB rewiB Wx-Al, Wx-B1, a akicHi
mapaMeTpu 3epHa, OOpoITHa ¥ XJiba — 3a TeXHO-
JIOTIYHMMHY TOKa3HUKaMu. BUBUEHO HOBi copTu
Ta JiHil rekcamjJIoifHOTO TPUTHUKAJE O3UMOTO
HociBcbKoi cenekififino-gocaiguoi cranilii Mupo-
HiBcbKOTO iHCTUTYTY nIenuIi im. B. M. Pemecna
HAAH Ykpainu 3a TeXHOJIOTIYHUMU ITOKa3HUKA-
MU AKOCTi 3epHa, OopomHa ¥ xJiba.
ImenTudikoBano HaAOIABII IIEePCHeKTHUBHI I'eHO-
TUNY TPUTUKAJE, OCHOBHA MPOAYKIiA AKUX B
yMOBaX MOJiCHKO-JIiCOCTEIIOBOTO €KOTOITY € AKic-
HOI0O CHPOBUHOIO [AJIsI BUTOTOBJIEHHSA XJiGOIIpo-
OIyKTiB i Oioeranosy. IIpoBemeHO MOJEKYJIAP-
HO-T€HEeTUUYHY imerTudikamiro aJleIbHUX
BapiauTiB JOKyciB renis Wx-Al, Wx-B1 Tpuruka-
Jie, AKa ae 3MOT'y Ha PaHHIX eTalax OHTOTeHe3y
CIIPOTHO3YBATU I[iJJhOBE BUKOPUCTAHHS T'€HOTU-
miB. Yiepirie cepeJl HUSKY COPTiB i JiHi TpuTHKAa-
Jie IIOJIICBhKOTO i JIicOCTemoBOro eKOTUIIB iIeHTH-
(dixkoBano GioTUnM 3 HEPYHKI[IOHAIHLHUM aJIejieM
«b» rena WxAl, axuii Bu3Hauae BUCOKUK BMiCT
aMiJIOIIeKTUHY B KPOXMAJIi, IO € BaKJIUBUM [IJIs
OinbIIOT0 BUXOAYy OioeTaHosy. 3’sCOBAHO, IO
TEeXHOJIOTiUHi IOKa3HUKU 3epHa, OOpoIIHAa Ta
xJ1i6a HOBUX COPTiB i JiHiM TpUTHKaIEe 03MMOTO
BiIIOBiIaOTh CydyacHMM BUMOTaM BUPOOHUIITBA
JieTUYHO-XapUYOBUX i OioeHEepreTUUYHUX HPOAYK-
TiB, III0 € AKTyaJbHUM Ta HPIOPUTETHUM y KOH-
TEeKCTi IPOJOBOJIbUOI Oe3IIeKn YKpaiHu.

Knwuosi cnoea: Tputurajie o3umMe, MOJEKY-
JISIPHO-TeHEeTUYHI MapKepHu.
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lBenouepKOchnﬁ HaIlMOHAJbHBIN arpapHbIil
YHUBEPCUTET, ¥ KpanHa
MHCTUTYT KII€TOYHOI GHOIOTUY ¥ FeHETUIECKOM
nH:xeHepuu HAH Ykpaunnl, Kues
3HocoBcKas CeleKI[OHHO-OIBITHAS CTAHIIAS
MupoHOBCKOT0 MHCTUTYTA IIIIEHUI[bI
umenu B. M. Pemeciio HAAH Vkpaunbl
‘KueBCKUil HAIMOHAIBHbIH YHUBEPCATET
nmenu Tapaca [IleBuenko, YKpanHa

ITenbio paboThl OBLIO UBYUYUTHh HOBBIE JIMHUU
¥ COpPTa MeKCaIlJIONJHOTO TPUTUKAJIE 03UMOTI0 II0
TeXHOJOTNYECKUM ITI0KA3aTeJAM U MOJEKYJIAPHO-
reHeTHYeCKUM MapkepaMm. MoJieKyIsapHO-TeHe-
TUYECKUE MCCIETOBAHUS ITPOBEIEHBI C TOMOIIIBIO
HOJIMMEPasHOH IeNHON peaKINy aJlJIeJIbHBIX Ba-
pHUaHTOB JIOKycoB renoB Wx-Al, Wx-B1, a Kaue-
CTBEHHBbIE IIapaMeTpPhl 3ePHA, MYKHU U XJieba — II10
TeXHOJIOTUUYEeCKUM II0Kas3aTeasiM. MI3yueHbl HOBbIE
copTa U JUHUU T'eKCallJIONAHOTO TPUTHUKAJE 03H-
Moro HocoBCKOII CeIeKIIMOHHO-OIBITHOM CTaH-
1y MUPOHOBCKOTO MHCTUTYTA MINEHUITBI UMEHU
B. M. Pemecio HAAH YKpauHBI IT0 TEXHOJIOTHU-
YeCKUM II0KAa3aTeJsiM KauecTBa 3epHa, MYKHU U
xJyeba. UpeHTuduiupoBanbl Hanboaee mepeieK-
TUBHBIE T€HOTHUIILI, OCHOBHAA MPOAYKIIUA KOTO-
PBIX B YCJIOBUAX MIOJECCKO-JIECOCTEITHOTO 9KOTOIAa
SABJAETCS KAUYeCTBEHHBIM ChIPbEM JIJI U3TOTOBJIE-
HUSA XJIeOOTTPOAYKTOB 1 OnosTamosa. IIpoBemeHa
MOJIEKYJISIPHO-T€HEeTUYeCKass UAeHTUPUKAIIUAS
aJlJIeJIbHBIX BapMaHTOB JOKYCOB reHoB Wx-Al,
Wx-Bl TtpuTuKaje, 4TO IIO3BOJAET HAa PAaHHUX
sTamax OHTOTeHe3a CIIPOTHO3UPOBATh IleJIeBOe HC-
MoJIb30BaHMe TeHOTUIIOB. BepBhie cpeau psajga co-
PTOB U TUHUI TPUTUKAJIE TIOJIECCKOTO 1 JIECOCTETI-
HOT'0 9KOTHUIIOB UAeHTU(PUIIUPOBAHLI OMOTUIILL C
He(YHKIIMOHAJIBHBIM aJuiesieM «b» rena Wx Al,
KOTOPBIH ompeiesisieT BLICOKOE CoeprKaHe aMuU-
JOMeKTHUHA B KpaxXxmMaJie, UTO BasKHO IJdA Gojee
BBICOKOTO BBIXOJa OMO3TaHOJIA. ¥ CTAHOBJIEHO,
YTO TEXHOJIOTUUYECKIE TOKa3aTeJ I 3epHa, MyKU U
xJie0a HOBBIX COPTOB U JIMHUI TPUTUKAJIE 03UMOTO
COOTBETCTBYIOT COBPEMEHHBIM TPeOOBaHUAM IIPO-
M3BOJCTBA JUETUUYECKU-TIUIIEBLIX 11 O1109HEePreTU-
YeCKUX MIPOAYKTOB, UTO SABJSETCA aKTYyaJIbHBIM U
TMIPUOPUTETHBIM B KOHTEKCTE IPOIOBOJILCTBEHHOM
6e30macHOCTY ¥ KPanHbI.

Kntouesvle cnosa: TpuTuKajae 03UMOe, MOJIEKY-
JIIPHO-TEHeTHUYeCKre MapKephl.





