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Screening sugar beet samples for the presence of bolting gene

Abekova A.M.*, Yerzhebayeva R.S., Konysbekov K.T., Bersimbaeva G.Kh.
Kazakh Research Institute of Agriculture and Plant Growing, Almalybak, Kazakhstan
* e-mail: aabekova@mail.ru

Sugar beet (Beta vulgaris) is biennial plant used in sugar industry. It is an actual problem
to increase the yield of sugar beet and reduce the cost of harvesting and sowing in
the spring, and it’s resistance to frost. However, overwintering sugar beets in the soil
dramatically reduces the yield of plants and another important point — bolting. It was
found that bolting depends on the effect of both environmental and genetic factors. Bolting
dramatically reduces the yield of sugar beet and it’s sugar content, and complicates the
processes of harvesting. Thus, bolting is completely undesirable for agriculture (in the
first year), although it is necessary for the production of seeds (the second year). Bolting is
highly dependent on many factors. For this, the use of molecular markers closely related
to the genes of bolting. A study was conducted on the collection of hybrids and sugar
beet lines of the Kazakh Research Institute of Agriculture and Plant Growing with the
use of CAU3903b marker, which is specific for the BR1 locus for the presence of bolting
gene. As a result of the study, it was established that 39 out of 40 samples of sugar beet
have resistant genes to bolting, and these samples are recommended for further breeding
processes. An environmental test of 40 hybrids and sugar beet lines for adaptability,
productivity, cold resistance and bolting in 3 climatic zones (Almaty, Pavlodar regions of
Kazakhstan; Voronezh region of the Russian Federation) was conducted. The test showed
that under the conditions of 2018, bolting of sugar beet in the first year was low in all
three zones (0-0.7 %). 7 samples according to high adaptability and productivity and
10 samples according to high sugar content were identified in the Pavlodar region. Based
on the preliminary testing results, 6 samples with high yield and 12 samples with high
sugar content were selected in the Voronezh region. 3 samples by high yields, exceeding
the standard Aisholpan hybrid in the Almaty region, were selected. Hybridization of
sugar beet was carried out — 3 combinations of crossings. Hybrid seeds are obtained.
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Genetic resources in creating sustainable diseases
of introgressive spring wheat forms
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Introgression spring wheat forms with 7. militinae, T. timopheevii, T. dicoccum, T. kiharae
and 7. zhykovskyi were screened for disease resistance (leaf, stem, yellow rust, septoria,
mildew, smut) in: Almalybak, Karabalyk; OmSAU, Turkey; on the infectious background
St. Petersburg, Otar; Moscow, Turkey; at the cytological and genetic level — KazRIAPG,
ICG and ARRIPS, CIMMYT. On a natural infectious and background from 7 to 21 sam-
ples (2350 %) were allocated for leaf rust resistance: 6583 x T. timopheevii (L34, Lr36,
Lr68), Kazakhstanskaya 10 x 7. dicoccum (Lr46, Lr68), 6569 x T militinae (Lr34, Lr46),
6625 T. timopheevii (Lr14, Lrd6) and 6631 x T. timopheevii (Lr9, Lr14) and species
T. militinae (Lr19, Lr68), T. timopheevii (Lr19, Lr68) and T. kiharae (Lr68). According to
stem rust, advanced lines block was immune (Sr2) and highly resistant (5—-10) relative to
cvs-standard Kazakhstanskaya 10 (15-75) and to T. militinae, T. timopheevii, T. kiharae
Sr36. 9 synthetic spring wheat lines were found (Kazakhstanskaya 10x 7. dicoccum,
6569 x T millitinae-1, 6569 X T. millitinae-2, 6628 x T. millitinae, 6625 % T. timophee-
vii-1, 6625 %1 timopheevii-2, 6625 T. timopheevii-3, 6628 X T. timopheevii-1 and
6628 x T. timopheevii-2), which show horizontal rust resistance. Genotypes 6628 x T. mi-
litinae and 6569 x T. militinae-1 (TIRS.1BL; estimated substitution 2B (2G) or trans-
location T2B-2G); 6569 x I. militinae-2 (TIRS.1BL; T3GS/3BL) (I.G. Adonina, un-
published data). According to maximum yield, genotypes with brown and stem rust
resistance are 6569 x T militinae-2 (3.2-5.2 t/ha); 6569 x T militinae-1 (3.0-5.7 t/ha);
6628 x T. timopheevii-3 (3.0-5.7 t/ha). The following genotypes were distinguished
by minimum powdery mildew infection: Kazakhstanskaya 10x7. timopheevii,
6631 x T. timopheevii (0-5 %); 6625 x T. timopheevii-2 (10-15 %). Selected resistance
forms were evaluated by hight yield, quality, DUS-test, transferred to double haploid
basis and for (Tim-biday, Gunticum, VEK).
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Wheat genetic resources as a raw material for healthy food
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23 introgressive winter investigated and 27 spring wheat forms for (1) macro- and
microelement content, especially Zn, Fe, Cd; (2) protein and fractions content, including
o, components; (3) content of amylose, B-glucan, arabynoxylanc; (4) fatty acid
composition. The source of high N, Mg, Mn and Fe, Zn contents can be considered
T. kiharae; of N, P, S — T. militinae; Mn, Fe, Zn — T. petropavioskyi; of K and Zn —
T. compactum. The protein content in the grain of various species was formed due to
the predominance of different protein fractions: globulin in grain of Ae. triaristata
(40.6 % to the total) and T. militinae (35.7 %); due to gliadin in 7. dicoccoides
(38.9 %), T. dicoccum (34.5 %) and T. timopheevi (33.7 %). By the ratio of protein
fractions in the 70 % ground flour, winter introgressive forms were characterized by the
predominance of albumin+ globulin fraction from 40.4—44.0 %; 1721-9 and 2041-13 to
55.3 % (Bezostaya 1 x Ade. triaristata) x Karlygash. The maximum content of -glucan
is characteristic of Aegilops (de. triaristata and Ae. cylindrica), then T. dicoccoides
and 7. macha. Consistently high content of B-glucan was observed in 7. shaerococcum
and T. timopheevi, content of arabinoxylane for Zhetysux 7. militinae. Wild relatives
were characterized by an amylose content in the range of: 7. timopheevi (31.5 %) >
> T dicoccoides (29.3 %); T. macha (28.1 %); T. persicum (27.7 %) > T spelta (27.0 %) >
> T militinae, T. spharacoccum (26.4 %). Amylose content in Aegilops ranged from
9.6 % (Ae. triaristata) to 13.3 % (Ae. triuncialis). Rising interest in natural and organic
products led to the reopening of ancient wheat as a source of grain for healthy nutrition.
Several wheat species are used and further adapted to cultivation in industrial scale, e. g.,
Khorasan, T. spelta, T. compactum. However, these wheat forms have drawbacks, which
hinder their widespread use. In this regard, interspecific and intergeneric wheat hybrids
are convenient and promising objects that ideally combine nutrient and technological
properties with agronomic suitability.
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Triticale-wheat hybrid lines with the vaviloid type of spike branching
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The collection of wheat forms with the vaviloid type of spike branching consists of lines
obtained from crossing a stable wheat-rye amphiploid (triticale) ABR (2n = 6x = 42),
used as the maternal form with the local variety of common wheat Triticum aestivum var.
velitinum (2n = 6x =42, BAD). Triticale was obtained by professor Aminov in 1975 from
hybridization of synthetic wheat BAD (7! durum x Ae. squarrosa var. meyeri, catalog
number in VIR — k-45918) with weed rye Secale cereale ssp. segetale (2n = 2x = 14,
RR). Hybrid populations were studied for 10 years in an open field at the Absheron
experimental base of the Genetic Resources Institute of ANAS. The forms with the
vaviloid type of spike branching began to appear from the generation F4. Estimation
of the morphological and quantitative traits of these lines was conducted. Significant
differences were registered in such parameters as the number of grains per spike, the grain
weight per spike. A molecular-cytological analysis of the lines was carried out using the
methods of genomic in situ hybridization (GISH) and fluorescent in sifu hybridization
(FISH) with probes that allow the identification of wheat and rye chromosomes. It was
shown that in all the studied lines, the chromosomes 2D was replaced by a pair of rye
chromosomes, presumably 2R. In addition, a part of the lines contained a telocentric
chromosomes, presumably corresponding to the short arm of a wheat chromosome 2D.
Thus, the studied lines with the vaviloid type of spike branching can be divided into
three groups: 1) lines with one telocentric chromosome; 2) lines with a pair of telocentric
chromosomes; 3) lines without telocentric chromosomes.

Acknowledgements: The study has been supported by the Budget project 0324-2019-
0039.
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current status and prospects in the 21st century
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Wheat—alien introgression breeding went through several stages. The first attempts to
obtain hybrids between wheat and related species have been carried out at the end of
the 19th century. Initially, the purpose of the experiments was to study the evolution
and origin of species, the meiotic chromosome pairing. However, the main purpose of
distant hybridization was to create wheat with exceptional properties. It seemed that this
approach would provide much wider possibilities for enriching the wheat genome than
traditional selection. Introgression breeding reached its peak in the second half of the
20th century. A significant progress has been made in developing strategies to produce
hybrids of wheat with distant relatives, in the improvement of cytogenetic techniques,
development of molecular markers to identify and characterize introgressed chromatin.
These advances led to development of a large panel of introgression lines of various types
and from a number of wild wheat relatives, carrying important traits. At present, based
on the accumulated data, one can speak about certain regularities of distant hybridization
of wheat. For example, in chromosomes 4A, 5A, the least alien introgression is observed.
On the contrary, it is possible to distinguish “hot” sites on individual chromosomes
and whole chromosomes, where introgression occurs more often. Nowadays, only a
small number of commercially successful wheat cultivars have been created by distant
hybridization. The potential of alien introgression breeding remains underused. What
are the prospects for wheat—alien introgression breeding in the 21st century? Primarily,
we need to develop theoretical knowledge. Almost nothing is known how the wheat
genome interacts with introgressed genes and how it influences their function. The recent
advances in genomics, transcriptomics, epigenomics, proteomics, in cytogenetics are
promising to deliver the needed insights. The use of the new plant breeding techniques
can be useful. In this respect, cis-genesis and genome editing, in particular based on
CRISPR/Cas9, are promising.

Acknowledgements: The study has been supported by the Budget project 0324-2019-
0039.
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The analysis of crop gene expression based on RNA-seq experiments is one of the most
effective ways to search for genes of biological significance. The results are important
for geneticists and breeders in the breeding new lines and cultivars of improved stress
response, the search for markers of new useful genes. However, most of the results
of gene expression analysis published in articles and databases are based only on
reference genomic sequences. For agricultural plants, there are more and more data on
transcriptomes of varieties and lines, the genotype of which differs from the genotype
of the reference organism. Most of these transcriptomes contain sequences that are not
detected in the reference genome and can only be obtained by the de novo assembly
method. In this work, a large-scale analysis of transcriptomes of 5 crops (maize, rice,
tomato, potato and barley) taken from the available SRA archives of NCBI and EBI
(over 1200 libraries in total) was carried out. We aimed at identification of “Out Of the
Reference Transcripts” (OORT) in RNA-seq libraries and their annotation. For each of
the libraries de novo transcript sequences were reconstructed and aligned to reference
genome. Sequences of two types were identified: (1) transcripts aligned to the unannotated
reference genome loci; (2) transcripts unaligned to reference genome. It is shown that the
proportion of transcripts that are aligned to the reference unannotated loci varies from 20
to 25 %. Proportion of transcripts unaligned to the reference genome is up to 5 %. For
sequences of “new” transcripts not aligned to the genome, the identification of ORFs
and amino acid sequences was carried out and their annotation was performed. Some
of such transcript were identified as non-coding RNAs, viral and pathogen sequences.
We also identified candidate for plant resistance genes among OORT: 181 for unaligned
transcripts and more than 1500 for unannotated. Transcripts that are homologous to
genes of plant stress response to drought, oxidative stress, high temperatures and genes
of plant resistance to pathogens were also identified.

Acknowledgements: The work was supported by RSF grant 18-14-00293.
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Serial studies have been conducted previously by Dr. Mason-Gamer to confirm that the
molecular phylogenetic analysis of sequences in the low copy gene granule-bound starch
synthase 1 (GBSSI) significantly complements the cytogenetic data for the genomic
constitution and evolutionary relationships both among North American and Asian
species of the genus Elymus. We sequenced and compared GBSSI gene in 14 endemic
Elymus species from Siberia and the Russian Far East in order to determine their genomic
constitution and to assess the levels of divergence and phylogenetic differentiation.
The species are: E. charkeviczii, E. jacutensis, E. kamczadalorum, E. komarovii,
E. kronokensis, E. lenensis, E. macrourus, E. margaritae, E. subfibrosus, E. sajanensis,
E. transbaicalensis, E. peschkovae, E. uralensis, E. viridiglumis. PCR-amplified gene
fragments spanned from exon 9 to exon14 were cloned, and six clones per each species
accession have been sequenced. All of them included St and H subgenomic variations
of the gene. Most profound differences between St and H subgenomic fragments were
located in the intron 13. This intron in the subgenome H contains a large deletion of
21 bp in all Elymus genotypes, likely obtained from a common ancestor of the H and P
genomes. In place of this deletion all St and Y subgenomes have a relatively conservative
sequence that is almost identical in nucleotide composition to the closely related genus
Pseudoroegneria, whose ancestor is the donor of the modern St subgenome of all
Elymus species. The phylogenetic cluster analysis revealed microevolutionary events
and considerably added our previous biosystematic results in the group of boreal species
from Siberia and the Russian Far East. New data obtained are needed for the construction
of a phylogenetically oriented taxonomic system of the genus within Russia.
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Using the anatomical method, the study of the main parameters of the internal stem
structure of Siberian bread wheat varieties (internode diameter, mechanical layer
thickness, number and diameter of vascular bundles of parenchyma) was performed in
order to assess their impact on the resistance to lodging. The assessment focused on
the study of the first two internodes located under the ear: EN1 and EN2, since these
internodes reflect the genotypic features of the plant anatomy. An increase in the number
of parenchyma vascular bundles from top to bottom was established. The number of
bundles in EN1 varied from 14 to 24, while in EN2 from 16 to 33. On average, the
number of bundles from EN1 to EN2 increased by 8.0 for the studied varieties. The
decrease in the diameter of the vascular bundles is compensated by an increase in their
number. This pattern was clearly observed in cultivars Novosibirskaya 18 (224 pm and
18 bundles), Obskaya 2 (215 and 19), Trizo (228 and 18) and Bel (228 and 24) in the EN1;
in Novosibirskaya 29 (268 and 26), Chernyava 13 (270 and 28), Novosibirskaya 18 (262
and 28) and Velut (239 and 29) in EN2. Bel and Novosibirsk 31 were found to differ from
the other cultivars on the thickness of the mechanical layer. According to the combination
of the stem internal structures (the number and diameter of vascular bundles and the
stem diameter) the varieties Trizo, Velut, Novosibirskaya 29 and Novosibirskaya 31
were shown to overcome the others. The Obskaya 2 and Bel differed in a large number
of vascular bundles of small diameter with a large stem diameter. Significant correlations
(r=0.91) was established between the stem length and the length of the EN1. A positive
correlation (r = 0.59-0.37) was observed between the number of vascular bundles and
resistance to lodging. The correlation coefficient between the stem diameter in EN1,
EN2 and resistance to lodging does not exceed 0.21. The obtained results can be used in
the evaluation of spring bread wheat for resistance to lodging.

26  PlantGen2019



DOI 10.18699/PlantGen2019-009
Efficient eradication of potato viruses by induction
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Existing technologies for obtaining virus-free seed potatoes using methods of apical
meristem cultivation, cryopreservation, chemo- and thermotherapy do not eliminate
the possibility of subsequent viral infection of plants in the soil. Potato varieties with
genetically engineered resistance against viral diseases are of particular importance.
Potato virus S (PVS, genus Carlavirus) is most widely spread in Kazakhstan. It has
positive-sense single-stranded genomic RNA of 8535 nucleotides encoding six ORFs.
Fragments of ¢cDNA with complete coding sequence of 25K-protein in sense and
antisense orientations were inserted at the 5" and 3’ flank of cat 1 gene intron from Ricinus
communis. Two recombinant cassettes [35S-CaMV-25KSense-intron-25K Asense-nos]
or [35S-CaMV-25KAsense-intron-25KSense-nos] were cloned in pCAMBIA2300
binary vector under the control of 35S-CaMV promoter and nos-terminator. Expression
of each cassette in planta leads to production of double-stranded RNAs that induce of
RNAi mechanism against PVS.

Six potato cultivars initially containing viruses PVS, PVM, and PVY were transformed
by aforementioned constructs. Regenerated plants were analyzed for presence of
recombinant DNA constructs, as well as for their RNA-transcripts. Transgenic plants
were grown in soil and further tested for the presence of viruses using the DAS-ELISA.
Laboratory tests were performed every 30 days during 6 months. Five promising
transgenic lines (TL) were selected. TL-61, TL-67 of “Dunyasha” variety and TL-103
of “Kormilitsa” variety showed negative response for PVM, which was detected before
transformation. The TL-119, TL-336 lines of “Zeren” variety were free from the complex
PVM+PVS+PVY viral infection.

Micro-tubers of transgenic potatoes were planted in the field with elevated viral
background for trials in 2017-2018. Samples from these plants were collected for ELISA
tests three times during the vegetative season. These analyses confirmed the results of
laboratory tests: no potato viruses were detected in the samples.
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Temperature is one of the important environmental factor influencing plant development
in natural and diseased conditions. Reactive oxygen species (ROS) are produced as a
result of environmental stresses such as temperature and viral infection. There are limited
information about antioxidant enzyme activities upon combined abiotic and biotic stress
factors. The aim of this work was to investigate the influence of combined temperature
and viral infection on aldehyde oxidase (AO) and catalase (CAT) activities in Nicotiana
benthamiana plants.

A 24-h experiment of cold and heat stress was performed with plants, 10 and 40 °C
respectively. After that one part of N. benthamiana plants were infected with Tomato
bushy stunt virus (TBSV), other part were treated with virus-free buffer. Mock-inoculated
plants in room temperature treated with virus-free buffer were usedas controls.
According to our results, under abiotic stress (room, cold and heat stresses) CAT activity
was significantly higher in non-infected plants compared to infected plants. Imposition
of heat stress had no significant impact on CAT activity in non-infected plants, whereas
cold stress showed a decrement of this enzymatic activity. In response to individual
temperature stress, AO activity did not change with respect to control values in leaves.
Interestingly, under viral infection, CAT activity decreased, but AO activity increased in
N. benthamiana plants compared to control levels. The combination of viral infection and
temperature stresses negatively impacted on plants but the activation of the antioxidant
machinery was associated to the ability to tolerate this stress combination.

As aresult, in Nicotiana benthamiana plants the increment of AO activity along with the
decline in CAT activity compared to control values could be partially responsible of its
increased oxidative damage and sensitivity to the combination viral infection and high
and low temperatures. Thus, Nicotiana benthamiana plants has the ability of efficiently
coordinate AO and CAT activities involved in ROS detoxification.
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We present here the study results on plant height (PH) trait of triticale-like plants derived
from triticale x synthetic wheat cross, in which the maternal plant is the locally produced
hexaploid triticale ABR (genome AABBRR, 2n = 42) with PH = 88+16.97 cm and the
paternal plant is the locally produced synthetic wheat ADS [(T. beoticum % Ae. taushii) x
x Ae. speltoides, genome AADDSS, 2n = 42)] with PH = 110+ 14.14 cm. The maternal
plant ABR is differentiated from other triticales by its obtaining in 1975 without any
embryo rescue technique or hormone treatment procedure from sexual hybridization
between Tanaka’s (produced in Japan, Kyoto, AD 221-16a, in VIR- k-45918) synthetic
wheat ABD (7. durumxAe. squarrosa var. meyeri, genome AABBDD, 2n = 42),
PH = 950+7.87 cm and local weed rye Secale cereale ssp. segetale (genome RR,
2n = 14, collected from Lerik (Azerbaijan)), PH = 1150+21.21 cm. F, plants from this
cross with PH =110 cm had 28 chromosomes and after selfing in field conditions without
any colchicine treatment the segregated F, plants with 56 chromosomes were obtained.
The above-mentioned triticale ABR with the chromosome number 42 was selected from
late selfed generations based on such desirable traits as short stem, large spike, early
heading time, flag leaf width and etc. Starting from 1980 the triticale ABR was included
in numerous crosses with many wheats (4x, 6x), triticales (4x, 6x, 8x) and wheat-
alien amphiploids (6x, 8x) for the study its morphotype formation diapason and obtain
morphotypes with novel traits. Selected for current study the 8 short-stemmed hybrid
lines are the segregants obtained from the same selfed F, plant that was derived from
cross of triticale ABR with synthetic wheat ADS made in 2007. The range of PH for this
sister plants was varied from 43 c¢cm up to 66 cm. GISH analysis showed that the short
stemmed line from this group has 42 chromosomes, 12 of which are rye chromosomes.
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Haploids are unique objects for cell selection and genetic engineering. Our work
presents the results of the use of haploid biotechnology in the practical selection of
Triticum aestivum L. for resistance to rust diseases. In the first series of experiments,
the field resistance of the original wheat varieties and hybrids under conditions of an
infectious nursery was determined. The greatest resistance to rust was shown by the
isogenic line Lr 24: to yellow rust — 2/20, to brown — 2/10, and was immune to stem
rust. Similar values of resistance to yellow and brown rust showed isogenic lines Lr 19,
Lr 25. By resistance to stem rust, the isogenic line Lr 25 was weakly susceptible — 2/20,
and Lr 19 showed an average susceptibility — 3/30, respectively. In the second series
of experiments, the varieties of common wheat were crossed with donors of effective
resistance genes — isogenic lines Lr 19, Lr 24. Valuable wheat hybrids were genetically
stabilized by haploid biotechnology based on in vitro culture of isolated microspores.
As a result of studies on the use of haploid biotechnology based on in vitro culture of
isolated microspores in the selection of wheat Triticum aestivum L. for resistance to rust
diseases, we obtained embryoids, morphogenic calli and regenerant plants from which
DH lines were created. To determine the resistance of DH lines to rust diseases, they
were studied in the conditions of an infectious nursery of South-East Kazakhstan. As a
result of the studies conducted in an infectious nursery, DH wheat lines were selected,
which showed a high level of resistance to rust diseases. Thus, it was shown that haploid
biotechnology is an effective method for accelerating the selection process and rapid
genetic stabilization of promising hybrids. In the early stages of the selection process,
wheat DH lines carrying the genes for resistance to rust diseases were selected.
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Water caltrop (water chestnut) is a valuable aquatic plant. Its seeds are edible and rich
in protein and starch. Antimicrobial compounds are found in the seed coat and can be
used in medicine. Water caltrop is widely cultivated by men since Neolithic, however,
on the territory of Europe and Russia its population decreased dramatically over the last
century. The plant became very rare and now is included in the Red List of Threatened
Species in 36 regions of Russia and protected in most of the EU countries. The extinction
could happen due to the change in climate and water regime of the habitats, as well
as human factor. Now northern border of its areca lies near Moscow, however, several
populations of water caltrop still remain in regions with even more severe and continental
climate (near Ufa city in the Republic of Bashkortostan and in Novosibirsk and Altai
mountains). It is not clear, why water caltrop is preserved on these territories. In spite of
great morphological differences, using RAPD and ISSR primers, we did not detect any
genetic polymorphism between water caltrops from different regions of Russia, except
for several samples from Far East, distinguished as 7. maximowiczii. Most probably,
they belong to one species 7. natans. To verify that, we performed sequencing of
the ITS, trnH-psbA and several other regions. It is possible that water caltrop has
a great potential to adapt to different climate conditions and can be reintroduced to
its previous habitats from the south and be used as a food source again. Study of its
genetic and morphological diversity is important for the survival and recovery of the
unique populations.

Acknowledgements: The reported study was funded by Russian Science Foundation
according to the research project No. 18-74-00056.
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Askhadullin D-1 F.*, Askhadullin D-r F., Vasilova N.Z.
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Non-functional alleles of wx genes affect the violation of synthesis and changes in the
localization of amylose in cereal starch. Wheat samples carrying non-functional alleles
of wx genes at one or two loci are called partial waxy wheat. From crossing the winter
wheat variety Starshina (have non-functional allele Wx-41b) and the line of spring wheat
0-192-03-5 (have non-functional allele Wx-B1b) we obtained two promising lines of
partial waxy wheat, which combines non-functional alleles Wx-41b and Wx-B1b. These
are the K-243-13Wx-2 and K-243-13Wx-6 lines. Test these lines was conducted in the
Tatar Research Institute of Agriculture in 2017-2018. Tatar RIA is located in the northern
part of the Middle Volga region of Russia. The average yield of the line K-243-13Wx-6
was 276 g/m?2, which is much less than the standard variety Yoldyz — 550 g/m?. The line
K-243-13Wx-2 has an average yield of 534 g/m?2. The average weight of 1000 grains at
the line K-243-13Wx-2 was 49.6 g. At the line K-243-13Wx-2 degree of lesion of leaf
rust was 0-15 %, the degree of damage of stem rust was 15 %. This line is susceptible
to powdery mildew, its resistance is 3 points (9 points — maximum). Line K-243-13Wx-6
is susceptible to leaf rust, the degree of damage was 15-50 %. Line K-243-13Wx-6 is
susceptible to stem rust, the degree of damage was 30-70 %. Resistance to powdery
mildew in this line in epiphytotic 2017 was 4 points. At the line K-243-13Wx-2 date
of earing before on 1 day, than at the line O-192-03-5. At the line K-243-13Wx-6 date
of earing occurred simultaneously with the line O-192-03-5. According to the analysis
of the harvested grain in 2018 year, the lines K-243-13Wx-2 and K-243-13Wx-6 have
a high protein content in the grain of 14.9 and 14.5 %, respectively, and have a high
gluten content in the grain of 30.8 and 31.7 %, respectively. Thus, the evaluation of
agronomically valuable properties of the obtained samples of partial Waxy wheat
indicates the prospects of their use as a starting material for the production varieties of
spring wheat with a modified composition of grain starch.
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Despite the creation of a number of varieties of soft wheat combining high grain
productivity and high grain quality, there are limits to increasing protein and gluten.
The initial material plays a key role in the efficiency of selection for grain quality.
Screening of the VIR wheat collection on the NIR analyzer, grown in the forest-steppe
zone of the Republic of Tatarstan, revealed samples with the highest protein and gluten
content. They can serve as a starting material for the selection of high-quality varieties
of soft wheat. During three years (2016-2018) wheat samples including the following
species were analyzed: T. aestivum L., T. durum Desf., T. dicoccum (Schrank) Schuebl.,
T. polonicum L. In high-protein samples 7. aestivum L. protein content in grain ranged
from 15 to 18.7 %, gluten in grain from 32.8 to 38.1 %. The maximum protein and gluten
content was in varieties Long Fu 12 (K-65473, China), Long Fu 040671 (K-66200,
China), Krasnoufimskaya 110 (K-65478, Russia, Sverdlovsk region), Ekaterina (K-
65477, Russia, Sverdlovsk region), AC Taho (K-64977, Canada), Lillian (K-66203,
Canada), Lovitt (K-66204, Canada), Molera (K-66033, Switzerland), Pamyati Maistrenko
(K-65448, Russia, Omsk region), Polyushko (K-64856, Russia, Novosibirsk region),
Manu (K-66029, Finland), Mayon 1 (K-65851, Syria). 7. durum Desf. is widely used in
hybridization with soft wheat and can be a source of high protein content. The maximum
protein content was 16.4 % in the sample of Bezenchukskaya 182 (K-59890, Samara
region), in other tested samples it did not exceed 15 %. Species T. dicoccum (Schrank)
Schuebl, refers to high-protein, protein content in some samples reached 18.2 %, while
the starch content is slightly lower than that of high-quality spring wheat. Protein content
stand out K-7530 (Russia, Ulyanovsk region), K-10456 (Russia, Tatarstan), K-21961
(Germany). High protein content in 7. polonicum L. — reached 17.8 %. The maximum
protein and gluten content was in K-9277 (Israel) and Koko (K-62974, Syria).
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This work aims to assess the developed, using MAC methods, F, hybrids and parent
forms of sweet pepper by fruit quality (Ccs, ¢/, norc) and pathogen resistant genes
(Mel, pm) by a complex of biochemical (dry matter, carotene, vitamin C, soluble
carbohydrates) and biometric (fruit mass, fruit wall thickness; early, commercial and
gross yield) fruit characters and study the peculiarities of the characters’ manifestation
in F, hybrids. As an experimental material, 9 parental forms and 16 F, hybrids of sweet
pepper were studied (crossing schemes 8x1 and 1x8). The features of the characters’
manifestation in hybrids were evaluated during the period of three years (2016-2018)
by the value of true heterosis and degree of dominance. As a standard, Troika pepper
variety was used. Based on the three-year test results, valuable F, hybrids were
identified (L45-11 x Shokoladnaya krasavitsa, L45-11 x Zhelty buket, L45-11 xL140/0,
L140/0xL45-11) characterized by the dry matter content at the level of 8.18-8.77 %j;
carotene — 19.95-32.73 mg/kg; vitamin C — 112.49—-144.4 mg/kg; soluble carbohydra-
tes —4.36—4.77 %. Three best hybrid combinations with a complex of biometric features
were selected: L45-11 x Shokoladnaya krasavitsa, L140/0 x L45-11 and L45-11 x L160-
10 characterized by the fruit mass at the level of 136.6-175.4 g; fruit wall thickness —
6.8-7.5 mm; early yield — 0.68-0.77 kg/m?; commercial yield — 4.16-4.97 kg/m?; and
gross yield — 4.27-5.01 kg/m?2. Analysis of the true heterosis manifestation in hybrids
revealed its multidirectionality depending on the conditions of the vegetation period by
the majority of the studied characters. The most frequent manifestation of the values
of yield, mass, and carbohydrate content was the dominance and overdominance in the
direction of the increased characters. The thickness of the fruit pericarpium manifested
by theintermediate inheritance type — overdominance in the direction of decreased
characters.
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Five diploid Aegilops species of the Sitopsis section: Ae. speltoides, Ae. longissima,
Ae. sharonensis, Ae. searsii, and Ae. bicornis, two tetraploid species Ae. peregrina and
Ae. kotschyi (Aegilops section) and hexaploid Ae. vavilovii (Vertebrata section) carry
different variants of the S-genome. The B- and G-genomes of polyploid wheats are also
the derivatives of the S-genome. Evolution of the S-genome species was studied using
C-banding and fluorescence in situ hybridization (FISH) with DNA probes representing
5S and 18S-5.8S-26S rRNA genbe families and tandem repeats pSc119.2, pAesp SATS6,
Spelt-1, Spelt-52, pAsl, pTa-535, and pTa-s53. To align the C- and FISH patterns we
used the microsatellites (CTT),, and (GTT),, which are major components of the
C-heterochromatin in cereals. According to the results obtained, diploid species split
into two groups corresponding to Emarginata and Truncata sub-sections, which differ in
the C-banding patterns, distribution of IDNAs and other repeats. The B- and G-genomes
of polyploid wheat are shown to be most similar to the S-genome of Ae. speltoides.
The genomes of allopolyploid wheat evolved as a result of different species-specific
chromosome translocations, sequence amplification, elimination and re-patterning of
repetitive DNA sequences, which occurred independently in polyploidy wheat and in
Ae. speltoides The 5S rDNA locus on chromosome 1S was probably lost in ancient
Ae. speltoides prior to formation of Timopheevii wheat, but after the emergence of
ancient emmer. Evolution of Emarginata species was associated with an increase of
C-banding and (CTT),,-positive heterochromatin, amplification of Spelt-52, re-pattering
of the pAesp_SATS86, and a gradual elimination of all D-genome-specific repeats. The
emergence of Ae. variabilis and Ae. kotschyi did not lead to significant changes of the
parental S*-genomes. However, partial elimination of 45S rDNA repeats from 5S* and
6S* chromosomes and alterations of C-banding and FISH-patterns were detected in both
tetraploid species. Similarity of the SY-genome of Ae. vavilovii with the S° genome of
diploid Ae. searsii confirmed the origin of this hexaploid. A model of the S-genome
evolution is suggested.
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Introduction and Aim: A family of genes designated the Zinc finger A20/AN1Transcription
factors, encoding stress-associated proteins (SAP), represent a large group of genes in
both plants and animals. The gene family, which includes 144tSAP and 18 OsSAPgenes,
is well described in Arabidopsis and rice, where variable tolerance to multiple abiotic
stresses were studied and a great diversity in structure and function of the SAP gene
family was found in different plant species. The aim of this study was to identify all
HvSAP genes in barley (Hordeum vulgare L.) and to carry out experiments determining
gene expression in response to drought, salinity and dehydration in barley leaves.
Methods: Bioinformatic approaches were used to identify all HvSAP genes in barley and
construct a molecular phylogenetic tree using publicly available databases and computer
software. For gene expression, qPCR analysis was carried out on cDNA synthesized
from mRNA extracted from control and treated barley plants.

Results: In our study with barley, 17 HvSAP genes were most commonly identified,
which were strongly homologous to rice genes. Small rearrangements inthe barley
genome were found, where two HvSAP genes were duplicated, but three other genes
were lost compared to the 18 OsSAP genes in rice. Multiple and quite variable responses
in HvSAP gene expressions were found in treated barley plants compared to controls,
where some but not all gene expression profiles were similar to those published in rice.
Repeated experiments on HvSAP gene expression in response to drought, salinity and
dehydration will verify the confidence of our results in barley in the nearest future.
Acknowledgements: This study was supported by the Ministry of Education and Science,
Kazakhstan, Research program BR05236500 (SJ).
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A total of the 58 introgression lines and 11 cultivars of spring bread wheat developed by
Agricultural Research Institute of South-East Region and cultivated in the Volga Region
were analyzed. The lines were obtained with the participation of CIMMYT synthetics,
durum wheat cultivars, direct crossing with alien species such as Agropyron elongatum,
Ag. intermedium, Aegilops tauschii, different species of the genus Triticum L., Secale
cereale and triticale Satu. Cultivars and lines were evaluated for resistance to Lysogorsk
and Omsk stem rust pathogen populations (Puccinia graminis f. sp. tritici) and to the
Ug99 race group in Kenya (KARI) as well as analyzed for the presence of the known
Sr resistance genes (Sr22, Sr25, Sr26, Sr31, Sr35, Sr36, Sr38, Sr39) using molecular
markers. The gene Sr3/ remained effective to the local pathogen population. The 26
wheat lines out of 58 were resistant to all local pathogen populations taken into analysis
and the 15 introgression lines were resistant to stem rust in Kenya. The genes Sr31/Lr26,
Sr25/Lr19, Sr22, Sr35 and Sr38/Lr37 were identified in the introgression lines. The
gene Sr31/Lr26 was identified in 13 lines. All lines carrying 1RS.1BL translocation
(Sr31/Lr26) were resistant to all local pathogen populations taken into analysis. The
gene Sr25/Lr19 was identified in 40 lines. The genes combination Sr31/Lr26+Sr25/Lr19
was identified in 10 lines. The gene Sr22 was identified in 2 lines, this fact will be
checked in further work, gene Sr35 — in one line and gene Sr38 — in two lines. The genes
combinations Sr38/Lr37 +S8Sr25/Lrl9, Sr35 +Sr25/Lr19 were identified. The lines with
genes combinations Sr38/Lr37 +Sr25/Lr19 were resistant to local pathogen populations.
The line with gene Sr22 was resistant to local pathogen populations and to the Ug99 race
group in Kenya. The genes Sr26, Sr36 and Sr39 were not detected in the analyzed wheat
lines.

Acknowledgements: Supported by the RFBR No. 18-016-00170a.
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The patterns of heredity and genetic variability, which are peculiar to all organisms, are
of great practical importance for agriculture. The role of the application of genotype-
phenotype correlation analysis in the genomic selection of crops is currently growing. In
the course of the work, foreign and Russian soybean breeding works were analyzed and
the most significant SSR markers were identified. The most relevant for research are the
genes with strongest impact on the traits of interest. To solve this problem, the following
strategy was developed: 200 soybean varieties were selected from the VIR collection.
Range of phenotypic traits of these grown varieties were analyzed. Obtained data have
been recorded in journals with a view to further using it for GWAS analysis. The next
stage of work, 50 soybean varieties were sequenced, having the best performance in
the following ways: productivity, photoperiodism, drought resistance, protein content
in beans, a short growing season. Sequencing has been carried out using Illumina
technology. Primary data processing has been carried out using the FastQC utility,
which allowed quality control to eliminate inconsistent results associated with the poor
quality of the input data. Samtools and Hisat2 programs have been used for further data
processing, which allow preparing the reference genome, align the reads, translate them
from sam to bam format, sort them and index them. To prepare for the GWAS analysis,
the GATK software package has been used:

« search for duplicate reads;

* local reorganization of readings;

* local recoding of readings around indels;

* synchronization of all information between each read and its paired pair;

* calibration of the quality assessment of the information base;

« verification of areas containing true SNP;

* hierarchical merging of bam files into a single gVCF.

As aresult, we obtained gVCF files containing information about all 50K markers found
in the samples. The next stage of our work will be GWAS analysis of 200 soybean
varieties after NGS, which will allow genomic selection to create new appropriate
soybean varieties.
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Some types of single-stranded RNAs regulate gene expression. To protect ssSRNA from
degradation and to deliver it to a target tissue precisely we can incorporate the molecule
into a virus-like particle (VLP). Such VLP is a nanocarrier consisting of viral coat protein
capsid and nucleic acid filling. Bacteriophage MS2’s coat protein (CP) easily forms a
stable capsid via interaction with MS2 operator — the 19-nucleotide sequence in the MS2
genomic RNA. Thus, target ssSRNA, which mimics the MS2 genome, can be packed into
a VLP. There are successful examples of bacteriophage coat protein application for VLP
production. We aim to obtain Nicotiana tabacum plants steadily expressing MS2 CP and
which can evolve into a VLPs producing system for ssRNA delivery. Bacteriophage MS2
(ATCC 15597-B1, United Kingdom) was produced in E. coli strain ER2738. Genomic
RNA was purified by TRIzol Reagent and MS2 cDNA was synthesized by reverse
transcription using iScript, BIO-RAD. CP gene sequence was amplified from MS2
cDNA by PCR with Phusion high-fidelity DNA polymerase (Thermo Scientific) and was
transferred first in interim vector pJetl.2 (Thermo Scientific). Then the sequence was
subcloned into another vector where the expression cassette harboring CP under control
of Cauliflower Mosaic Virus double 35S promoter was assembled. The cassette was
then embedded into destination binary vector for Agrobacterium-mediated stable plant
transformation. The structure of every genetic construct was confirmed by restriction
analysis and Sanger sequencing. Agrobacterium (strain AGL1)-mediated N. tabacum
SR1 leaf explants transformation by created plasmid was conducted and primary
regenerants T, plants were obtained after regeneration with hygromycin selection. PCR
with genomic DNA template and RT-PCR with total RNA revealed 7 plants carrying CP
gene which is being transcribed. We aim to investigate whether VLPs are able to form in
the transgenic plants in the presence of RNA molecule containing MS2 operator.
Acknowledgements: Budget project 0324-2018-0018.

PlantGen2019 39



DOI 10.18699/PlantGen2019-022
The influence of heavy metalions on proline accumulation
and resistance of plants to saline stress

Beisekova M.K.*, Kurmanbayeva A.B., Iksat N.N., Yermukhambetova R.Zh.,

Zhangazin S.B., Akbassova A.Zh., Gadilgereyeva B.Zh., Tleubek A., Omarov R.T.
L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan
* e-mail: mk.beisekova@gmail.com

Various biotic and abiotic factors negatively affect plant growth as well as physiological
and biochemical processes. It is known that salinity and the high concentration of heavy
metals can be a cause of oxidative stress and metabolic malfunctions which in turn
significantly reduce the yield of crops.

Molybdenum (Mo) is one of the required microelements for plants since it is included
in the active center of various enzymes involved in redox reactions, as well as its low
concentrations play a significant role in the growth and development of plants. The
activity of Mo-enzymes can be inhibited by substitution of molybdenum by tungsten
(W) in the active center of Mo-protein complexes, since they are analogues belonging to
the VI group in the periodic table of elements.

We used molybdenum and tungsten-containing solutions to study the effect of heavy
metals on the barley. We observed that the stems germination and the growth of the
root system improved at the low concentration of Mo, whereas at the low concentration
of W the growth of the root system significantly decreased with slight changes in the
germination. Deterioration in the root system and the decline of stem growth were found
at high concentrations of Mo. A completely negative effect was revealed when plants
were grown at a similar concentration of W. Another type of stress was salinity, during
which germination significantly decreased, compared with control plants. Interestingly,
a combination of these stresses demonstrated positive effect on plant growth in general.
We also studied an accumulation of proline, which is a well-known osmoprotector,
during above mentioned combined stress. Proline is one of the most multifunctional
stress metabolites of plants, performing chaperone, antioxidant and signal-regulatory
role. It was found that under the influence of abiotic stresses on plants, the concentration
of proline increased significantly.
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Sheep pox is a severe illness causing mass death among small ruminants. Epizootics
in different countries including Republic of Kazakhstan leads to great economic loses.
Sheep pox virus (SPPV) belongs to Capripoxvirus genus of the Poxviridae family.
Attenuated strains are used as vaccines for prophylactic means of the disease. Such
vaccines are effective but has crucial disadvantage as virions could revert to virulent
form by recombination. Genome sequencing and genetic engineering methods give
opportunities to produce save vaccine with less expense. Nucleotide sequence of
the SPPV “NISKHI” strain used in our work was analyzed to find orthologs of the
immunogenic structural proteins of vaccinia virus. sppv-niskhi-117 gene coding A27L
ortholog (17.3 kDA) and sppv-niskhi-060 gene coding LIR ortholog (20.3 kDA)
were used for expression in various systems. Genes were cloned in bacterial pET-19b
expression vector. Bacterially produced (£. coli BL21 strain) and purified proteins were
used for rabbit immunization. Antibodies raised to recombinant proteins showed virus
neutralizing activity. pACT2 vector was used to express proteins in Saccharomyces
cerevisiae cells (CG 1945 strain). Only A27L protein successfully expressed in yeast
cells. Transgenic Nicotiana tabacum and Brassica napus plants expressing viral proteins
were obtained after transformation by pCambia 2300 vectors containing viral genes,
translational enhancers and sequences for signal peptides to target recombinant proteins
into chloroplast or endoplasmic reticulum. A higher recombinant protein yield was
achieved when using transient expression (magnification) in Nicotiana benthamiana
leaves. Maximal viral protein level was obtained in transplastomic N. fabacum plants
carrying viral genes in the chloroplast genome. L1R protein tend to form di- and trimeric
forms in E. coli and plants. Synthesized proteins may be used for development efficient
recombinant subunit vaccine against sheep pox.
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In connection with the mass spread of fungal pathogens, the task of breeders to produce
highly productive and stress-resistant varieties. In our works, introgression lines of wheat,
carriers of the genetic material of its relatives — T durum, T. dicoccum, T. dicoccoides,
Agr. elongatum, Agr. intermedium, T. timopheevii, S. cereale, are involved in hybridiza-
tion to obtain initial material for breeding. Due to the inclusion of alien genetic material,
the varieties that inhibit the development of leaf pathogens were produced: Omskaya 37,
Omskaya 38, Omskaya 41, Sigma 2, Pamyaty Maystrenko, Uralosibirskaya. One of the
direction of our work is the utilization of alloplasmic genotypes (H. vulgare)—T. aestivum
and DH lines with a fixed combination of resistance genes of different origin. So, hybrid
form 311/00-22 developed from the crossing of the alloplasmic DH(1)-17 line with line
Com37 (CIMMYT), the source of the translocation /RS./BL, proved to be successful
for breeding. Lines L-311(1)-L-311(6) showed their advantage in comparison with
the standard varieties for resistance to leaf and stem rust, yield, and grain quality. The
breeding tests of alloplasmic lines L-311(5), L-311(4), L-311(6) resulted in varieties
of spring bread wheat Sigma, Uralosibirskaya 2 and Ishimskaya 11, respectively. Line
L-311(3) entered the pedigree of the new variety Karavai. These results confirm the fact
that gene Sr31 remains effective for protection against stem rust in the Omsk, Kurgan,
Tyumen regions and Bashkortostan. DH lines that combine genes for resistance to
powdery mildew, leaf and stem rust are studied. New lines are estimated for resistance
to Ug99 and yellow rust in Kenya (KARI).

Acknowledgements: Some aspects of this work were supported by project No. 0324-2019-
0039 and the RFBR grant No. 17-04-01738. The authors are grateful to A.I. Morgunov
and S.N. Sibikeev for the provided introgression lines.
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Heavy metals are among the most common pollutants of agricultural lands. Remediation
of such massive areas is difficult or impossible. Selection of resistant varieties with
reduced accumulation of heavy metals can be a promising approach for obtaining
environmentally friendly crop production on polluted soils. The aim of the present work
was to study the intraspecific variability of pea (Pisum sativum L.) for resistance to toxic
metals (Cd and Al) and for the ability to accumulate and transport various heavy metals
(Cd, Co, Cu, Ni, Pb and Zn) from the root to the shoot and seed. A series of vegetation
experiments were carried out in which the plants were grown under hydroponic
conditions or in a soil supplemented with elevated concentrations of various metals.
The content of heavy metals and nutrients in plants was determined using an ICPE-
9000 spectrometer. The objects of research were more than 200 pea genotypes (primitive
and modern cultivars, belonging to different subspecies and having various geographic
origin) originated from the VIR collection (St. Petersburg). It was established that pea
has a very large variability in resistance to cadmium and aluminum, as well as the
content of heavy metals. Correlations were found between the content of various metals
in the shoots and seeds of plants. It has been established that important mechanisms of
pea resistance to Cd and Al are maintaining of nutrient homeostasis and modulating
pH of the rhizosphere. An additional mechanism was related to formation of efficient
symbiosis with microorganisms such as nodule bacteria, endomycorrhizal fungi and
plant growth promoting rhizobacteria. The obtained results can be useful for successful
selection and breeding programs aimed at creating plant cultivars with high productivity
and quality products cultivating on contaminated and acid soils.

Acknowledgements: The work was supported by the Russian Science Foundation
(14-16-00137, 16-16-00080, 19-16-00097, 17-14-01363).
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Photosynthetic apparatus of higher plants developed adaptation mechanisms to respond
light changes. State transitions is one of these mechanisms. It presents redistribution of a
moving part of external antenna of light-harvesting complex of photosystem II (LHCII).
As aresult the LHCII-LHCI-PSI supercomplex is formed. The supercomplex consists of
LHCII mobile proteins associated with photosystem I.

It is known that state transitions are regulated by redox state of plastoquinone pool of
thylakoid membranes. We assume that cytoplasmic photoreceptors may also be involved
in regulation of state transitions. We exposed phy4 and phyB mutant Arabidopsis thaliana
plants to blue and red light during 2 hours. In this lines formation of the LHCII-LHCI-PSI
supercomplex was detected under both blue and red light, while in the wild-type plants
formation of the supercomplex occured only at blue light. Therefore, there is disruption
of state transitions in phyA and phyB mutants exposed to red light. Our data demonstrate
for a first time a role of phytochromes A and B in regulation of state transitions.
Equipment of the Bioanalitika Center for Collective Use, Siberian Institute of Plant
Physiology and Biochemistry, Siberian Branch of the Russian Academy of Sciences,
Irkutsk, was used in this study.

Acknowledgements: This work was supported by the RFBR No. 18-34-00800.
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In plant cells, DNA is located in three compartments: nucleus, plastids and mitochondria.
Genes transmitted by chromosomes of the nucleus inherited by the offspring of Mendel.
Plastids and mitochondria can be inherited from the mother, from the father, or from both
parents. In most cases, the plastids are transmitted by the parent, since they are either
not included in the cells of the generative sperm, or remain fertilized during fertilization.
Only under experimental conditions was it possible to obtain plastid transmission from
Nicotiana to the offspring with a frequency of 10~ to 10->. Maternal inheritance of
mitDNA in plants has several important consequences for its evolutionary dynamics.
First of all, such a transfer determines the direct contribution of maternal mitDNA to
fitness determined by the number and quality of the seeds produced. Transmission only
on the maternal line is of particular importance for the formation of the population
structure of plants, especially those in which pollen spreads over long distances. For
a long time it was believed that the mitochondrial genomes of plants are transmitted to
the offspring strictly from the mother parent. At the same time, such a method of their
inheritance is based on the use of a number of special, finely organized mechanisms
that ensure its rather strict functioning. However, there are cases of transmission of
mitDNA from fathers, and it is possible that this phenomenon occurs quite often. In
this communication, we analyzed the transfer of genetic information in hybrids of two
Zea mays lines (B73 and Mol7) and Tripsacum dactyloides line by nuclear, chloroplast
and mitochondrial genomes. To this end, partial nucleotide sequences of the nuclear
Pox3 gene, the chloroplast #7nL gene and two mitochondrial genes (S-male sterility locus
and Nad4), in the original parental species and F1 hybrids have been established. Based
on the molecular phylogenetic analysis, it was found that the nuclear genome in hybrids
comes from both parents, the chloroplast is transmitted exclusively on the maternal line,
and the mitochondrial genome can be obtained both from the maternal and the paternal
lines.
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Creation of early maturing genotypes of main cereal crops — spring wheat and barley, is
an actual task for northern regions of Kazakhstan. We have distinguished the increasing
of phenotypic variability by two approaches: use of long-term plant regeneration cell
technology (wheat) and using physiologically active compounds (wheat, barley), both
elaborated in our laboratory of cell biology (Institute of Plant Biology and Biotechnology).
Then, we have selected during several years forms with inherited signs of precocity and
high productivity. Both approaches are genotype independent and can be used for any
commercially important variety or line. It’s noteworthy, that these approaches allowed
to obtain principally new forms, incorporating traits (early maturity, high productivity,
drought resistance, grain quality, etc.), simultaneous combination of which is difficult
or impossible to achieve using the methods of traditional classical breeding or genetic
transformation. Most of these signs are under polygenic control. Obtained data are
discussed from the point of possible epigenetic mechanisms underlying the arising of
new forms. Intense breeding has eroded genetic diversity, and epigenetic diversity now
emerge as a new source of phenotypic variations to improve adaptation to changing
environments and ensure the yield and quality of crops. Approaches we propose for
enhancing phenotypic diversity can be well used in breeding programs. Obtained forms
are the good models for transcriptome search of new genes responsible for phenotype
reprogramming.

Acknowledgements: This work performed under the applied project GF1 No. 1911 (2012—
2014), innovation grant NATD MIT RK (2011-2014), Target Programm of fundamental
research No. 0149 (2015-2017), MES RK.
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Today, the most modern approach for study the gene expression is profiling of the entire
transcriptome. The cell identity is defined by its transcriptome, i.¢., by a complete set of
expressed RNA transcripts. Profiling of the whole transcriptome is widely used to assess
the relative gene expression in cells, tissues, organisms, or under different conditions.
The main goal of this investigation is identification of differentially expressed genes
by whole-transcriptome sequencing of wheat cell culture samples during the induction
of long-term embryogenic cell lines. For this purpose the transcriptomes of 7-days
wheat calli induced for long-term embryodogenesis and control uninduced tissues have
been compared. Initial globular non morphogenic callus, subcultivated on MS nutrient
media with 2,4-D have been used as a control uninduced sample. Control variants were
compared with globular callus, transferred for the induction of long-term embryogenic
cell lines on MS media with 2,4-D and high (stress) concentration of mineral salts. As a
result of transcriptome RNAseq analysis, key genes involved in early stages of induction
of long-term embryogenic potential have been identified. 974 genes with up-regulated
expression have been established belonging to the categories of the protein proteolysis
and cellular proteins involved in catabolism, 419 of them were recognized. 834 genes
with down-regulated expression have been revealed belonging to the categories of
response factors for signals, 403 of them were recognized.

Acknowledgements: This work performed in the framework of fundamental research
program No. 0149, Target Program Funding, IPBB, Science Committee, Ministry of
Education and Science, Republic of Kazakhstan (2015-2017).
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As is known, the cytogenetic collection of cotton of the species G. hirsutum L., obtained
at National University of Uzbekistan, was created by irradiation of pollen with gamma
rays and irradiation seeds with thermal neutrons. To create aneuploid hybrids F,BC,,
monosomic F; hybrids with substitutions of individual chromosomes were crossed
with the original 8 monosomic lines (recurrent parent), which acted as maternal
parents. As a result of the study of meiosis at the stage of metaphase I in backcross
F,BC, hybrids, 25 bivalents and one univalent of different sizes were found. Moreover,
some cross family revealed several backcross hybrid monosomics. Backcross hybrid
monosomics with the replacement of individual chromosomes were found in eight
hybrids variants and in four families two hybrid monosomics (F,BC;Mo060xF,694,
F,BC,Mo27xF,687,, F,BC;Mo34xF,688,, F,BC,Mo48xF,529,,) were identified,
while in four families (F,BC;Mo058%F,5305, F,BC;M059xF,531¢, F,BC;M075xF,104,,
F,BC;M092xF,5395) — one hybrid monosome plant, at the stage of metaphase I meiosis
25 bivalent and univalent in a different size. Analysis monosome size in monosomic
hybrid F;BC, plants with substitutions of individual chromosomes found average size
univalents replacement of chromosome 4 (F;BC,Mo058xF530,, F,BC;M059xF,531,,
F,BC,;Mo060xF,6945, F,BC,M075xF;104,) and chromosome 7 (F,BC ;Mo027xF,687,),
whereas on chromosome 6 (F,BC;Mo034xF,688, and F,BC;M092xF,539;), the large
size of univalents was found, which confirmed the At-subgenomic identity of the above-
mentioned monosomes and the absence of a change of univalents. Also in the variant
of crossing F;BC;Mo48xF 529, with substitution on chromosome 18, the small size
of the univalent was found, which confirmed the Dt-subgenomic identity of the above
monosome. Thus, a comparative analysis of conjugation of chromosomes in 12 hybrid
monosomics F;BC, with substitution of individual chromosomes 4, 6, 7 of At-subgenome
and chromosome 18 Dt-subgenome revealed normal conjugation of chromosome for
cotton monosomics and the presence of 25 bivalents and one univalent of different size
at the stage of metaphase I appropriate to the size of the monosomes of the original
cotton monosome lines.
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Genetic erosion of plants leads to a reduction in the number of varieties, therefore, to a
decrease in the productivity of agrocenoses at changing environmental conditions. The
use of induced mutants in breeding programs led to the creation of 3222 varieties of
170 different plant species in more than 60 countries of the world. The significance of
researches in this area increases significantly with the mutations induction at using a new
or insufficiently studied mutagenic factor. The goal of our research is the development
of the scientific basis for the application of the chemical mutagen phosphemide in the
seed’s treatment of barley (Hordeum vulgare L.) and flax (Linum usitatissimum L.).
A prerequisite for the use of new methods is the presence of a mutant population. In
experimental work should consider differences in the set of chromosomes: at Hordeum
vulgare 2n = 14; and at Linum usitatissimum 2n = 30. We have substantiated various
concentrations for treating barley seeds (0.002, 0.01 %) and flax (0.005, 0.01, 0.1 %).
The effectiveness of the mutagenic factor was determined by the sensitivity of barley
and flax to the phosphemide in M, the frequency and spectrum of mutations in the M,
and M; as in laboratory conditions so in field experience. The physiological status of
seeds and the variability of plant morphometric parameters in ontogenesis are among the
informative criteria. The express-diagnostics of chlorophyll content in leaves at different
stages of ontogenesis was tested. Based on the readings of the SPAD 502 chlorophyll
optical counter (Minolta Camera Co., Japan), significant differences were found in the
accumulation and degradation of chlorophyll in the control and after phosphemide. The
content of the mass fraction of starch and amylose in the barley grain was determined by
the genotype and the concentration of mutagen. The mutagenic effect of phosphemide
was confirmed by mutations in barley (10) and flax (10).

PlantGen2019 49



DOI 10.18699/PlantGen2019-032
The maintenance and exploitation of plant genetic resources -
state of the art

Borner A.'*, Nagel M.!, Agacka-Motdoch M."2, Rehman Arif M.A."3, Lohwasser U.!,

Riewe D."* Wiebach J.»3, Altmann T.!, Pshenichnikova T.A.°, Khlestkina E.”

! Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), Gatersleben, Germany

2 Institute of Soil Science and Plant Cultivation, Pulawy, Poland

3 Nuclear Institute of Agriculture and Biology, Faisalabad, Pakistan

4 Julius Kiihn-Institute, Federal Research Centre for Cultivated Plants, Institute for Ecological Chemistry,
Plant Analysis and Stored Product Protection, Berlin, Germany

5 Charité — Universitdtsmedizin Berlin, corporate member of Freie Universitdt Berlin,
Humboldt-Universitdt zu Berlin, and Berlin Institute of Health, Institute of Biometry
and Clinical Epidemiology, Berlin, Germany

¢ Institute of Cytology and Genetics, SB RAS, Novosibirsk, Russia

"N.IL Vavilov All-Russian Institute of Plant Genetic Resources (VIR), St. Petersburg, Russia

* e-mail: boerner@ipk-gatersleben.de

There are two main strategies for maintaining plant genetic resources: ex situ and in situ
conservation. Ex situ conservation means the conservation of the biological diversity
outside their natural habitats. /n situ conservation means the conservation of ecosystems,
natural habitats and viable populations of species in their natural surroundings. Ex situ
conservation is the most significant and widespread mean of conserving plant genetic
resources. Mainly, accessions are maintained in specialized facilities known as gene-
banks. World-wide 7.4 million accessions are stored in about 1,750 ex sifu genebanks.
Considering major crop groups about 45 percent of all the accessions in the world’s
genebanks are cereals, followed by legumes (15 percent), fruits and forage crops (each
6-9 percent) as well as roots and tubers, oil crops and fibre crops (each 2—3 percent). It is
estimated that 90 % of all genebank holdings are stored as seeds whereas less than 10 %
and less than 1 % are maintained in vivo (field genebanks) and in vitro (tissue culture
and cryo preservation), respectively. Clearly, seed storage is the predominant mode
of plant genetic resources conservation. With a total inventory of 150,000 accessions
from 3,212 plant species and 776 genera, the ‘Federal ex situ Genebank of Germany’ in
Gatersleben holds one of the most comprehensive collections worldwide. It comprises
wild and primitive forms, landraces as well as old and more recent cultivars of mainly
cereals but also other crops. Since the majority of genebank accessions globally are
stored in the form of seed, seed longevity is of particular importance for crop germplasm
preservation. At the IPK research was initiated for a range of crops stored in the genebank
over decades. Variation between crop species was detected. However, there is also
intraspecific variation within genebank collections. It was concluded that the differences
in germination after long term storage are genetically based. Therefore, genetic analyses
of seed longevity were initiated. Genetic mapping was performed for barley, wheat,
oilseed rape and tobacco. In addition, mass spectrometry based untargeted metabolite
profiling experiments were performed in order to detect biochemical changes coinciding
with loss in seed germination. GC-MS analysis of the polar metabolome of wheat and
barley identified glycerol and related intermediates as highly correlated to germination
rate. Therefore, the lipidomic composition of a wheat panel was investigated using high-
resolution liquid chromatography-mass spectrometry (LC-MS). A high proportion of
tentative oxidized lipids was detected, suggesting lipid oxidation as the causal trigger
for membrane degradation. Beside research on seed storability genebank accessions and
genetic stocks have been extensively used for genetic and genomic studies. Data on
mapping of loci/marker trait associations for a range of different traits will be presented.
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At present, more than 30 genes that control a number of morphological and quantitative
traits, resistance to abiotic and biotic factors, have been mapped on 5B wheat chromosome
(5BL =580 Mb and 5BS =290 Mb), but research and chromosomal localization of loci
with agronomic character remains relevant. In that work we identified and annotated
5BS wheat chromosome sequences for previously unstudied leaf rust resistance gene
Lr52. Lr52 localization in the position from 6654000 bp up to 6956436 bp on 5BS
pseudomolecule (IWGSC RefSeq v1.0 genome) was determined by mapping of markers
linked to the gene Lr52. We selected 5 plants with Lr52 and 5 plants without Lr52 from
mapping population F4 (line LrW (52) x hybrid215) according to the data of KASP and
SSR genotyping together with screening for resistance. These plants were sequenced
using the SeqCap EZ Target Enrichment System (Roche). After quality control (FASTX-
toolkit) the obtained sequences were assembled using the BWA-MEM mapping program
and the SPAdes genomic assembler. As a result of assembled sequences analysis using
blastn and blastx algorithms in GrainGene, Ensembl Plants and PRGdb databases, more
than 500 sequences with homology with potential coding sequences were identified,
of which more than 40 are putative resistance genes with the NBS, CC, LRR, Tm and
kinase domains.
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Prunus persica (L.) Batsch is one of the most valuable and widely cultured fruit crops,
which is characterized by a rather high yield and resistance to abiotic stress factors.
Nowadays, the great problem of this culture is its high degree of disecase and pest
damages. In this regard, a comparative analysis of peach cultivars, infected with Plum
pox virus (PPV), resistance to air and soil drought on the Southern coast of the Crimea
has been made. On the leaf blades of the damaged plants, narrow, indistinct stripes were
observed in the form of a pattern, rarely-rings of light yellow or yellow color and leaf
wrinkling. The degree of the tree crown damages was different: from 10 % (‘Podarok
Neveste’) to 80 % (‘Lakomyiy’, ‘Pushistyiy Ranniy’, ‘Mechta’). The leaf blades in the
damaged plants had a number of structural differences compared with asymptomatic
ones: leaf thickness reduction, palisade index decrease (by 8—12 %, noted in ‘Lakomyiy’
and ‘Krymskiy Shedevr’), formation of large intercellular spaces in spongy tissue,
necrotic processes in palisade chlorenchyma, a greater amount of crystal inclusions in cell
cytoplasm. Due to the cultivar differences, in optimal conditions of the growing season
beginning, cultivars demonstrated the water regime changes because of the infection
were noted: ‘Mechta’, ‘Pushistyiy Ranniy’, ‘Cardinal’. Their water retention capacity
significantly reduced. The summer drought led to a decrease of the total water content in
the leaf tissues. In asymptomatic plants water content was 59—70 %; in damaged plants it
reduced to 55 % (‘Karnavalnyiy’, ‘Pushistyiy Ranniy’, ‘Ambergold’), water deficit was
12-26 % in healthy plants and 20-31 % — in damaged plants. High drought tolerance
is generally characteristic of the cultivars: ‘Krymskiy Shedevr’, ‘Dixired’, ‘Tulpan’,
‘Podarok Neveste’. PPV damages reduces the resistance to abiotic stress in the summer
period in ‘Karnavalnyiy’, ‘Pushistyiy Ranniy’, ‘Demerdzhinskiy’.
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Plant viruses have a significant negative impact on major cultures of agronomic
importance provoking a wide range of symptoms, representing a serious threat to
global food security. Subsistence crops are often infected with viruses that cannot be
controlled with pesticides. Biopreparations based on endophytic microorganisms may
be an alternative. There are genes of ribonucleases (RNases) produced by many species
of Bacillus. The synthesis of secreted degradation enzymes including RNases, this is one
way to adapt bacteria to variable habitat conditions. The secreted RNase allows bacilli to
have a broad spectrum of biological activities. In low concentrations, they stimulate the
growth and physiological functions of plants and microorganisms. In high concentrations,
they have antiviral activity. The microbial RNases are potential therapeutic agents, thus
the assessment of plant protection against viruses by endophytic bacteria is becoming an
important practical problem. In our laboratory there is a collection of bacteria produced
various metabolites and have RNase activity. We compared growth and development
indicators of potato treated with B. subtillis 26D and B. thuringiensis. The results showed
that the inoculation increased the grain yield by 0.2-0.7 t-ha™!. In addition, the treatment
of potato plants with bacteria of Bacillus significantly reduced the infection of potato
plants with viruses. The prevalence of the disease in potato plants was significantly
reduced from 75 % in the control to 18 % (B. subtillis 26D) and 33 % (B. thuringiensis) in
the inoculated plants. Similarly, the index of viral infection development decreased from
5-10 % in the control to 1-5 % in the inoculated plants. The further study of molecular
mechanisms related to bacterial induction of plant defense reactions in response to
viral infections will lead to a better understanding of stress resistance problems. The
endophytic microorganisms studied in this report may become basis for creation of
biological agents for plant protection.
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Such dwarfing genes as Rht-B1b (Rhtl), Rht-Ble (Rhtll) and Rht-D1b (Rht2) have
been widely explored in wheat breeding to reduce plant height. The introduction of new
variations of these genes into new wheat cultivars is relevant for sustainable agriculture.
The Rht-Blp (Rhtl17) reduces plant height by 33 % and affects other economically
valuable traits. Leaf elongation rate and coleoptile length are reduced by Rhtl7 in
early plant growth phases due to highly decreased sensibility to gibberellic acid that
is similar to the effect of Rht-B1b, Rht-D1b and Rht-Ble. Our aim is to compare the
effects of RAt17 on nine valuable agronomic traits under conditions of Non-Black Earth
Zone (Nechernozemye, Moscow) and Black Earth Region (Chernozemye, Krasnodar
Territory). We studied the F5 population of spring bread wheat [‘Cltr17241’(Rht-Blp) x
x ‘Novosibirskaya 67’ (Rht-Bla)] and F; population of spring durum wheat [‘Chris
Mutant’(Rht-Blp) x ‘LD222°(Rht-Bla)], designated M17 and T17, respectively. Seeds
were sown by families in 0.4 m rows in 2018. The plants were genotyped using molecular
markers. The plants homozygous for presence/absence of RAtl7 were compared and the
significance of differences in measured traits were determined by Fisher’s analysis of
variance. Here, we present some statistically significant results obtained in our work.
In population M17 plant height is decreased by RA¢17 by 31 % in Black Earth Region
and by 29 % in Non-Black Earth Zone, while in population T17 by 46 % and 41 %,
respectively. Additionally, we revealed that RAz17 decreases 1000 grain weight by 12 %
in population M17 in Black Earth Region and by 15 % in Non-Black Earth Zone, while
in population T17 by 27 % and 17 %, respectively.

Acknowledgements: This research work was supported by the Russian Science Foundation,
grant No. 17-76-20023.
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Cultivated sunflower in one of key plants used by human. It is an important oilseed
crop that was domesticated from the wild sunflower approximately 4000 years ago.
Now sunflower is mainly planted for the seed oil. Selection of hybrids with changed oil
properties is one of the basic directions in oilseed crops hybrid breeding. Full sunflower
genome assembly released by Badouin et al. made good possibilities for large-scale
genome wide association studies (GWAS) which result can be implemented in sunflower
genomic selection and help to speed up breeding programs. In this study we perform
high-throughput genotyping (GBS-sequencing) and lipidomic phenotyping on 600 inbred
sunflower lines. For lipid profiling we use ultra high performance liquid chromatography
coupled with mass-spectrometry (UPLC-MS). UPLC-MS is a very powerful tool for
lipidomics, which allow simultaneous profiling of several hundreds different lipids
extracted from a single plant sample. Here we perform comparative lipidomic study
in sunflower and combine NGS based genotyping with high performance phenotyping
technology and show advantages of this approach for agricultural proposes. We have
identified 2360111 SNPs and 1000 lipid molecules. GWAS were performed. Significant
associations between molecular phenotypes and SNPs were identified. Our results extend
current knowledge of sunflower metabolism and give new insights on development of
approaches in oil-seed crop genomic selection.
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Establishing the effect of different alleles of the VRN loci and their combinations on
the duration of the developmental phases and the productivity of common wheat is of
immediate practical importance for breeding. Since most varieties of Russia and Western
Siberia carry the dominant alleles of Vin-A1 and Vin-BlI genes, were obtained two lines
of winter cultivar Bezostaya 1 (Bez1) with the combination of alleles of the V'RN-1 locus:
BezlVin-Ala Vin-Bla and BezlVin-Ala Vin-B1c. Homozygous plants were isolated in
the F, generation using allele-specific primers for the VRN-41 and VRN-BI loci. Based
on the genetic segregation of F, hybrids with tester isogenic lines, it was confirmed
that the obtained lines carry two dominant genes: Vin-A1 and Vin-Bi. The presence of
the Ppd-Dla allele in lines of cultivar Bezl was shown with the use of PCR-marker. It
was established that the lines with two dominant alleles headed on day 40, which was
2, 8 and 5 days shorter than in the isogenic lines i:Bezl Vin-41la, i:Bezl Vin-Bla and
i:Bezl Vrn-Blc, respectively (p < 0.01-0.001). Also, these lines have reduced the period
of “tillering-first node” compared to the above lines by 2, 9, and 8 days, respectively
(p < 0.001). The study of the dynamics of the growth cone in the lines of the Bezl
and Sava cultivars showed that the differences began to appear from the “tillering-first
node” stage. The lines with the dominant allele Vrn-41a were ahead of other lines at the
II-1V stages of organogenesis in the degree of differentiation and the size of the growth
cone and the lines with the Vin-Blc allele were ahead the lines with the Vrn-Bla allele.
It was found that the lines with dominant allele Vrn-Blc were the most productive, and
the Bezl Vin-A1la Vin-Blc line was more productive than the Bezl Vin-Ala Vin-Bla.
Acknowledgements: The work supported by the RFBR grant No. 18-34-00146 mol a
and Budget Project No. 0324-2019-0039.
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The aim of this work was the molecular identification of promising genotypes
common wheat by allele variants of Waxy genes (Wx) to create varieties with improved
technological qualities of grain. 352 lines of common wheat were studied by allelic
variants of genes WxAl, WxBI, WxDI1. All lines were obtained in the department of
breeding and seed production of wheat and triticale in the National Center of Grain
named after P.P. Lukyanenko, by crossing with a mutant line carrying null alleles
WxAIlb, WxB1b and WxDIb. There were identified 205 lines carrying the wild type
allele WxA1, 229 lines with the wild-type allele of the gene WxBI and 249 with the
wild-type allele of the gene WxD1. 64 lines carried functional allele WxBle, different
from that wild type. The lines carrying zero alleles of genes WxA1I, WxBI were selected
(147 and 58 respectively). 13 lines, showing the heterozygous condition for the gene
WxD1, and one line for the WxB1 gene, were identified. Full technological evaluation
was given to 57 promising lines and several standard varieties. The obtained results
show that the lines carrying zero-allele WxA1b or WxB1b, as well as a combination
of alleles WxA1b+WxB1b, are generally characterized by high protein content (15.3,
15.4, 15.5 % respectively), gluten (28.3, 28.6, 30.3 %). All three groups of lines are
close to the “strong” wheat by the strength of flour (285 alveograph units, 270 a.u.,
279 a.u.). The lines with the identified null alleles of the Wx genes are distinguished by
a high water absorption capacity compared to the Tanya variety, which does not have
these alleles in its genotype. The optimal combination of liquefaction indicators and high
valorimetric evaluation probably contributes to the formation of high-volume bread with
a high overall baking rating.
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The synthetic form Avrodes (BBAASS) was used for modification of the genome of
common wheat. This form possesses the ability of Aegilops speltoides to suppress the
activity of Ph gene(s) and stimulate homoeologous chromosome pairing. Synthetic
recombinant forms (RS-forms) were obtained in which the first two genomes A and B
originate from common wheat, and the third genome combining the chromosomes of
the S genome from Aegilops speltoides with the chromosomes of other wild species.
Introgression lines obtained on the basis of RS-forms can carry genetic material of two
wild species, both separately and together. Currently a cytological study (C-banding and
FISH) of lines derived from the synthetic recombinant form RS7 (BBAAUS) has been
carried out. Lines are resistant to leaf rusts and may presumably have genetic material
from both Ade. speltoides and Ae. umbellulata. Chromosomal changes affected 10 of
the 12 studied lines. In most cases the lines carry translocations from Ae. speltoides.
Translocations from this species were identified on chromosomes 1D, 2D, 3D, 2B,
4B, 5B and 7B. Lines with substituted chromosomes 1B(1S), 4D(4S), 5D(5S) and
7D(7S) were also identified. Lines with translocations only from Ae. umbellulata
not identified. Two lines carry simultaneously genetic material from Ade. speltoides
and Ade. umbellulata. In line 3379 translocations were detected in the short arm of
chromosome 7D from Ae. umbellulata (T7DL.7DS-7US) and on chromosomes 5B, 1D,
2D from Ae. speltoides. Line 4626 presumably has a translocation on the long arm of
chromosome 2D from Ae. umbellulata (T2DS.2DL-2UL) and translocation T7SS.7SL-
7DL from Ae. speltoides. The translocations T1DS.1DL-1SL, T3DS.3DL-3SL from
Ae. speltoides and T2DS.2DL-2UL, T7DL.7DS-7US from Ae. umbellulata obtained for
the first time.
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The history of selection of stone cultures at the Samara experimental fruit and berry
station originates since 1931 and proceeds so far (in the status of Science, State Budgetary
Institution of Samara Region “Research Institute of Horticulture and Medicinal Plants
“Zhigulevsk Gardens”). In the State Register of Breeding Achievements of the Russian
Federation in 2018, 21 varieties of stone fruits from the breeding plant of the Research
Institute “Zhigulevskiye Sady” were included. The main goal of our research is the
creation of varieties of stone fruits of an intensive type, highly productive, having a
compact low-growing crown, with high-quality fruits, dessert, universal and technical
purposes, adapted to the conditions of the region. To achieve this goal, from 2011 to 2018
a genetic collection of stone fruit varieties was created: plums — 76, cherries — 60, sweet
cherries — 24, and apricots — 22 varieties. The ecologo-geographical origin of the stone
fruit varieties attracted to the collection covers many regions of the Russian Federation:
Central, Central Black Earth, Middle Volga, Lower Volga, Ural, Northwestern, Far
Eastern, Volgo-Vyatsky, North Caucasus. During the study, a preliminary assessment
of the collection material in the climatic conditions of the past growing seasons was
carried out. In 2015-2018, the harvest was obtained in most of the collection varieties.
The following varieties of cherries were distinguished by the complex of economic
and biological features: Saratovskaya baby, Volga dessert, Malinovka, Mayak,
Molodezhnaya, Zhukovskaya, Kharitonovskaya, Victoria, Shakirovskaya, Rovesnitsa,
Turgenevka, Azalia and others. In favorable conditions, growing seasons in 2016, 2018
were harvested sweet cherry varieties Tchermashnya, Fatezh, Tyutchevka, Bryansk
pink. Plum is represented by varieties of home plum, Chinese plum and cherry plum.
Since 2015, intensive flowering and annual fruiting have been noted in the Chinese plum
sapings Nezhenka, Alyonushka, Krasa Orlovschiny, Orlovsky souvenir. The most fruitful
were the varieties of homemade plum Etude, Start, Renklod Tambov, Record, Candy,
Eurasia 21, Skoroplodnaya, Bolkhovchanka, Start. In 2016, 2018 there were favorable
conditions for the culture of apricot. High yield, good quality of fruits are characterized
by the varieties of apricot Round, Khabarovsky, Rattles, Zeus, Lel, Ulyanykhinsky.
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Analysis of transcription regulation in plants presents important problem in molecular
biology challenging growing volume of sequencing data. The computer analysis of
structure of transcripts and the genome organization of crop plants is important for
biotechnology and agrobiology. ChIP-Seq technology allows to detect interactions
between DNA and proteins and allow to analyze gene expression regulation in genome-
wide scale for large genomes of eukaryotes including crop plants. In course of evolution
of plants the specific transcription factors (TF) in plant genomes also have been changing
with time as well as TF binding sites. Thus, comparison of genome-wide distribution of
TF binding sites is important. It is critical to annotate clusters of binding sites of different
transcription factors that may function as enhancers in complex fashion. We developed
R scripts and computer tools for TFBS analysis, including following steps: Look for
TFBS in genomes with or without the TF and test whether enrichment is detectable
overall (plot TFBS density as threshold score); Refine analysis by checking the location
of bound regions (intergenic/gene/promoter/intron); Refine by checking whether the
enrichment increases with the size of the TF family; Search for best TFBS and look
at density and arrangement in their vicinity (probability of detecting others, relative
position). Then compare regions from a TF-containing genome and a relative plant
genome depleted by such sites. We have developed set of computer programs and have
integrated them to the program complex for transcription factor binding sites analysis.
Construction of clusters of transcription factor binding sites allowed reconstruct gene
regulatory networks. We continue work on integration of ChIP-seq transcription factor
binding sites data in plant genomes using available data sources.

Acknowledgements: The work was supported by RFBR (18-04-00483) and ICG SB
RAS budget project 0324-2019-0040. Calculation was done at Shared Facility Center
Bioinformatics, Siberian Supercomputer Center.

60  PlantGen2019



DOI 10.18699/PlantGen2019-043
Preventive role of Tomato bushy stunt virus RNA-interference
suppressor protein in plant immune response

Dildabek A.*, Akbassova A., Stamgaliyeva Z., llyasova B., Tleukulova Zh.,

Amanbayeva U., Zhangazin S., Iksat N., Masalimov Zh., Omarov R.
L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan
* e-mail: dildabekaruzhanl5@gmail.com

Complete resistance in plant to virus infection is referred to as immunity. Except protein
defense factors, plants operate with RN A-interference defense system, which was firstly
demonstrated for plant viruses. RNA-interference is a posttranscriptional RNA silencing
process that is evolutionary conserved across eukaryotic kingdoms, which involved in
development, differentiation, response to stress factors through regulation the levels of
specific RNAs. As a countermeasure, viruses encode suppressor proteins, which disturb
RNA-interference pathway. One of the best biochemically characterized suppressor is
Tomato bushy stunt virus encoded P19 protein. During TBSV replication, abundantly
accumulated single-stranded genomic RNAs and double-stranded RNAs performed as
substrates for Dicer-mediated cleavage into duplex short interfering RNAs (siRNA).
AGO-family proteins with siRNAs form RNA-induced silencing complex. This forms
the catalytic entity for RNA degradation that uses the incorporated siRNA to specifically
targeting complementary RNAs. The main function of P19 as suppressor protein is
prevention the unwinding of viral siRNA and thus preventing the incorporation of single-
stranded RNA into RISC complex, therefore — programming. The X-ray crystallographic
structure of the P19 suppressor protein and specific siRNA complex revealed that caliper
tryptophan residues on P19 dimers precisely measure the binding of 21-nucleotide
siRNAs by P19 dimers. These siRNA duplexes have 2-nt 3’ overhangs. P19 binds the
duplex region of siRNAs. Usually, most suppressor proteins are multifunctional. P19
protein also appeared like pathogenicity factor. Inoculation of susceptible plant with
TBSV P19-null mutant (TBSVAP19) leads to recovery. Cross-inoculation experiments
with wild type TBSV, which was preliminary inoculated TBSVAP19 leads to recovery
phenotypes instead systemic collapse.
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Cytogenetics is one of the powerful tools of plant genetics that enables to explore
structural and functional organization of the genome as well as evolutionary relationships
between species. However, preparing the chromosome slides for analysis and the
following procedures such as genomic and fluorescence in sifu hybridization (FISH and
GISH) are rather expensive, time and labor consuming. Tedious cytogenetics techniques
have been highly facilitated by bioinformatic approaches on the basis of whole-genome
sequencing data helping not only to reveal new DNA satellite sequences that can be
applied as probes for chromosome labelling but also to predict its possible chromosomal
localization. Quantitative real-time PCR (qPCR) can be applied in the selection for DNA
repeated sequences that can be used as probes for FISH highly efficiently thus increasing
the number of successful experiments. gPCR makes it possible to estimate the relative
quantity of DNA repeated sequences (satellites or mobile elements) in the genome of
the studied species and thus to carry out a preliminary selection of those that can be
converted into chromosome- or genome-specific cytogenetic marker. The estimation can
be performed even at a semi-quantitative level, therefore, the requirements for primer
efficiency are not so strict as for quantitative assessment. We demonstrated the efficiency
of qPCR as a supplementary tool for cytogenetics in several case studies, namely, with
cytogenetic markers for sex chromosomes of buckthorn, satellite repeats localized
to chromosomes of J, St and V genomes in diploid and polyploid grasses (including
Thinopyrum intermedium), and tandem repeat-based cytogenetic markers in wheat. New
application of JPCR approach has sufficiently reduced the costs and time required for
the development of the novel markers that can be widely used in both fundamental and
applied research in plant genetics.

Acknowledgements: This research work was supported by Russian Foundation for Basic
Research (grant No.17-04-01871a).

62 PlantGen2019



DOI 10.18699/PlantGen2019-045
Developmental pathways regulating wheat inflorescence architecture

Dobrovolskaya O.B."?*, Dresvyannikova A.E.!2, Volodina E.A.%, Krasnikov A.A.3,

Orlov Yu.!, Watanabe N.*, Martinek P.

! Institute of Cytology and Genetics, SB RAS, Novosibirsk, Russia

2 All-Russian Plant Quarantine Center, Bykovo, Ramenskoe distinct, Moscow region, Russia
3 Central Siberian Botanical Garden, SB RAS, Novosibirsk, Russia

*College of Agriculture, Ibaraki University, Japan

S Agrotest Fyto, Ltd., Kromeriz, Czech Republic

* e-mail: oxanad@bionet.nsc.ru

Wheat inflorescence architecture contributes to grain yield potential. The wheat
inflorescence consists in a spike with a main axis carrying lateral sessile spikelets that
are directly attached to the rachis and also a terminal spikelet. The spikelet constitutes
the basal unit of the spike inflorescence. Wheat inflorescence architecture is determined
by the activity of different meristem types and the timing of transitions between them.
Although some of the genes controlling wheat meristem activities have been identified,
understanding of the network of transcriptional regulators controlling this process is
lacking. To address this, we used a set of classical and modern approaches of genetics
and developmental biology, including high-throughput genotyping, light and electron
microscopy and bioinformatics. We found the development of additional organs of the
spikelet, glumes and flowers, in the 7. jakubzinerii accession (shrl), which indicates
disorders in spikelet meristem determinacy. The development of additional organs of the
spikelet was not accompanied by a change in phyllotaxis. Thus, the function of the Shr/
gene in the developing inflorescence of wheat is associated with determinacy of spikelet
meristems. Genes Shrl and Shr2, RS, which determine the false-true branching of the
ear and the false branching of the ear, are inherited independently. Thus, at least two
different genetic pathways in wheat control the spikelet meristem determinacy.
Acknowledgements: This work was supported by grants from the Russian Foundation for
Basic Research (project No. 18-04-00483).
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Leaves of Poaceae have a unique morphological feature: they consist of a proximal
sheath and a distal blade separated by a ligular region. The sheath provides structural
support and protects young developing leaves, whereas the main function of the blade is
photosynthesis. The auricles allow the blade to tilt back for optimal photosynthesis and
determine the angle of a leaf, whereas the ligule protects the stem from the entry of water,
microorganisms, and pests. Research on liguleless mutants of maize and other cereals
has led to identification of genes that are involved in leaf patterning and differentiation.
A liguleless line of Ae. fauschii is an induced mutant (Lgt-mutant), whose phenotype is
under control of the dominant gene Lg’. Using 3933 polymorphic DArTseq markers, a
high-throughput genotyping of F2 population from the cross Lgt-mutant/KU-2126 was
performed; highly saturated molecular-genetic maps of Ae. tauschii were constructed.
The Lg’ gene was placed on the short arm of chromosome 5D by molecular-genetic
mapping. In silico mapping of the DArTseq markers on Ae. tauschii physical map allowed
to establish the coordinates of Lg’on 5D pseudomolecule and to determine the list of the
Lg! candidate genes. Lg’ gene is not an orthologue of the previously studied Lg4, Lgnl
and Knox! cereal genes, whose dominant mutations cause the liguleless phenotype, and
presents a new cereal gene, involved in the genetic control of the development of the
ligular region and the formation of the distal-proximal axis of differentiation. SNP and
SSR markers help us to shorten the list of candidate genes for Lg’.
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Leek (Allium porrum L.) is an important green vegetable crop in Europe and Asia. In
Russia, the popularity of leek increases every year due to its valuable taste and nutrition/
dietary properties, which are a consequence of the high content of secondary metabolites.
Despite the importance of this vegetable, data on the biochemical composition
and phenotypic polymorphism of leek accessions, as well as molecular-genetic
characteristics of A. porrum genome variability and individual genes polymorphism
are extremely limited. In this study, the AFLP method was applied to determine the
genomic variability of 65 leek accessions from the collection of the Federal Scientific
Center of Vegetable Growing (FSCVG). As an outgroup, species 4. ampeloprasum,
A. commutatum and A. pyrenaicum were used, because together with the leek they are
included into the A. ampeloprasum complex. Using two selected primer combinations
(with six selective nucleotides at the 3'-end), for each sample analyzed, a unique AFLP
spectrum was obtained. A total of 721 fragments were identified, of which 675 (93.6 %)
were polymorphic for leek accessions, and 103 were accession-specific. The calculated
genetic distances ranged from 0.32 to 0.75 (GDcp 0.58). According to PCO-analysis, the
accessions of leek form two unequal groups (16 and 49 accessions), equally distanced
from the outgroup. Four accessions, cultivars (Florena (Netherlands), Good fellow
(Russia)) and breeding lines (2017, 2038), were distanced from the rest of the analyzed
leek accessions, which reflects the difference in their genomes.Thus, an AFLP analysis
revealed a high genomic polymorphism level of leek accessions from the FSCVG
collection. A. porrum accessions formed an isolated sub-cluster that validates A. porrum
as a separate species other than A. ampeloprasum.
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Earlier we with colleagues found that hevein-like peptides genes from chickweed
(Stellaria media) are the source of strong constitutive promoters for biotechnology of
cultivated plants. E. g., in transient expression in Nicotiana benthamiana pro-SmAMP1
and pro-SmAMP?2 promoters were 2—4 times more effective than the CaMV35S promoter
and in rape (Brassica napus) and sugar beet (Beta vulgaris) plants were comparable to it.
The functionality of the pro-SmAMP2 promoter was shown in the calluses of flax (Linum
usitatissimum). In the homozygous lines of transgenic tobacco (Nicotiana tabacum),
the pro-SmAMP1 and pro-SmAMP2 promoters are twice as strong as the CaMV35S
promoter. The both promoters are at least as effective as the duplicated CaMV35S
promoter for neomycin phosphotransferase II gene control in the selection of transgenic
tobacco and Arabidopsis plants on media with kanamycin antibiotic at recommended
concentrations. In present research we focused on the fact that pro-SmAMP1 and pro-
SmAMP?2 promoters are identical by 94 % differing by point mutations outside canonical
cis-elements. Additional deletion analysis showed that in transient expression the
minimal variant of pro-SmAMP1 (=119 b.p.) is twice stronger than minimal variant of
pro-SmAMP2 (-121 b.p.). Along with this, pro-SmAMP2 is significantly more efficient
than pro-SmAMP1 in control of selective gene nptll being comparable with duplicated
2xCaMV35S promoter. We employed the 9-nucleotide point polymorphism between
sequences of two minimal promoters from chickweed for creation of new effective
promoters featuring simultaneously high active and constitutive.

Significant similarity of nucleotide sequences in promoters of hevein-like genes precludes
from using both of them within the same genetic construct so that recombination between
the repeats be excluded. To create novel regulatory elements, we cloned the promoters
of a-harpinine gene (pro-SmAMP-X) and defensine gene (pro-SmAMP-DI) from
the chickweed using genome walking method. These novel promoters do not have a
homology with any other known promoters being comparable with promoter CaMV35S
in efficiency of transient expression.

Acknowledgements: The reported study was funded by RFBR according to the research
project No. 19-016-00067.
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To obtain a new source material in soybean breeding in order to isolate valuable genotypes,
we used the possibility to develop in vitro forms with the use of heavy metal ions as a
mutagenic factor in nutrient media. The lines, which were obtained using Cd2* ions from
the initial forms of soybean varieties Hodson and Primorskaya 301, were analyzed by
the method of allozyme analysis and according to a complex of biochemical parameters.
Soybean variety Primorskaya 4 was taken as a standard. As a result of the research there
were identified samples with low and high peroxidase activity which ranged from 0.2 to
167.5 u/mg of protein. Seeds of varieties Primorskaya 4, Primorskaya 301 and regenerant
R 1577 possessed low specific activity of peroxidase. The highest specific activity of
peroxidase was observed in seeds of Hodson variety and regenerants R 1590, R 1585,
R 1606 and R 1567. The specific activity of catalase in soybean seeds varied from 27.5 to
249.9 x 103 u/mg of protein. The highest activity of catalase was revealed in seeds of three
samples: R 1567, R 1585, variety Hodson. The lowest catalase activity was noted in seeds of
varieties Primorskaya 4, Primorskaya 301, regenerants R 1597 and R 1577. The remaining
samples are characterized by average values of enzyme activity. According to the study of
electrophoretic spectra of peroxidases and catalases in the seeds of the studied lines, a cluster
analysis was carried out. As a result, two clusters were formed. The first included the lines
where the original form of them was variety Primorskaya 301. In the other line there were
forms obtained from the soybean variety Hodson. Maximum genetic distances were detected
between soybean variety Primorskaya 4 and lines 1567 and 1585 (I.F. Hodson) and 1568
(Primorskaya 301). The distance between clusters was 0.8, inside the cluster which was
formed by the lines P301 from 0.07 to 0.3, and between the lines I.F. Hodson from 0.1 to
0.5. The studied lines demonstrate different level of variability depending on the genotype
of the initial form. Thus, there were defined 4 variants of the genotype with the maximum
level of genetic differences of 0.3 from 6 lines which were developed from P301. While there
were defined also 4 variants from 7 lines of variety Hodson, but with big level of genetic
distances — 0.5. Line 1606 according to isozymes content of catalases and peroxidases were
identical as their initial form (variety Hodson). Samples with high enzyme activity and the
highest number of isoenzymes potentially have the greatest resistance to stress factors. As
a result of the analysis of the biochemical composition of seeds there was defined variation
in the values of individual indicators both upward and downward relative to the standard.
There were defined three lines R 1609, R 1605, R 1584 having advantages on a complex
of traits: the fat content, oleic, linoleic and linolenic acids, have average values of enzyme
activity, which does not allow them to be considered as resistant to stress factors. In relation
to the initial form (Primorskaya 301) the greatest genetic differences has R 1605 (0.3365).
As for R 1609 and R 1584, they have the same level of distance (0.1542). The line R 1576 is
defined as a source of high protein and oleic acid content, has high values of enzyme activity.
In relation to the initial form of Hodson variety it is characterized by an average value of
genetic distances 0.2412.
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The polyploid nature of Triticum aestivum L. has opened up opportunities for the
development of cytogenetic studies that allow targeted intervarietal and alien substitutions
of chromosomes or their fragments and to study the effects of these chromosomes on
the manifestation of a complex of characters. Genetic models, including substitution and
translocation lines, introgressive lines and synthetic wheat with the participation of species
of'the Triticeae tribe contribute to the enrichment of the common wheat gene pool and play
an important role in the selection for resistance to biotic and abiotic stresses. The aim of
the work is to study the directed processes of transformation of the genome of common
wheat as a result of intergenomic substitutions of chromosomes or their segments with
chromosomes of taxonomically distant cereal species (4g. elongatum, Ag. intermedium,
S. cereale, H. marinum), to study the contribution of alien chromosomes to the formation
of adaptive and agronomic traits. A set of ditelosomic wheat-barley substitution lines
(T. aestivum—H. marinum) on chromosomes of the homeological group 7 was obtained.
It has been shown that 7HIL™%" chromosome of H. marinum was homoeologous to the
group 7 chromosomes of common wheat. Wheat-rye SR(5A) substitution lines for winter
wheat varieties Ulyanovka and Filatovka were created. Field experiments conducted in
the winter of 2017/2018 showed that these wheat-rye lines overwinter by 90-100 %, but
at the same time they have facultative type of development and can grow out during
spring sowing. Was isolated homozygous forms with a combination of genes controlling
disease resistance (Lr26/Pmé8/Sr31+ Lr19/Sr25 + Lr6Ai Sr6Ai/Pmo6A4i), different color of
grain (Bal and Pp-1/Pp3) and winter type of development (vrn-R1) based on phenotypic
markers and molecular analysis by PCR with specific primers. Phenotyping and
genotyping of introgression lines for disease resistance in a field experiment was carried
out and plants resistant to leaf rust were selected.
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Wild relatives of crop plants carry a variety of genes controlling resistance to adverse
biotic and abiotic environmental conditions and serve as donors of resistance genes. Many
of wild potato species accumulate high amounts of steroidal glycoalkaloids (SGAs),
which are toxic to humans. This fact impedes application of these wild species as donors
for potato breeding. The targeted knockout of genes controlling SGA biosynthesis in
wild potato could be a promising strategy to decrease SGA accumulation. The GAMEY
gene plays a key role in SGAs synthesis regulation in potato. It was shown that it is
associated with domestication process and decreasing of potato toxicity. The steroidal
alkaloid glycosyltransferase (SGT) genes are responsible for the final glycosylation steps
in the biosynthesis of the SGAs. The GAMEY, SGT1, -2, and -3 genes were selected as
targets for gRNA/Cas9-mediated modification. The fragments of target genes were re-
sequenced in few wild potato species and set of gRNAs was designed. The modification
of wild potato genome is planned through transformation of protoplasts and subsequent
regeneration of mutant plants. The both genetic constructs harboring Cas9 and gRNA
genes and RNP Cas9/gRNA complexes will be used for protoplast genome modifications.
The methods for gRNA efficiency evaluation and protoplast isolation and transformation
have been established for potato. For evaluation of SGA content in plant tissues the
HPLC-based protocol has been established.
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One of the promising areas of biotechnology is the improvement of nutritional value of
grain. This task is particularly important for sorghum — a high-yielding drought-tolerant
cereal, which is a source of feed and food for millions of people in many countries
around the world. However, compared with other cereals, majority of sorghum cultivars
have a lower nutritional value, which is based on the resistance of sorghum prolamines
(mainly, gamma-kafirin) to proteolytic digestion. Recently, in several laboratories in
different countries, transgenic sorghum lines with genetic constructs capable of RNAi-
silencing of kafirin genes were obtained. These lines were characterized by reduction of
kafirin oligomers, an increase of in vitro digestibility of endosperm proteins, changes in
the ultrastructure of endosperm protein bodies, which acquire an irregular shape with
invaginations, and modification of endosperm texture, namely, reduction of the vitreous
layer. Moreover, an important consequence of the silencing of the kafirin genes was the
enhancement of synthesis of other proteins, including those that have a higher content
of essential amino acids, lysine and threonine. Such a rebalancing of seed proteome is a
common phenomenon for transgenic plants with genetic constructs for RNA-silencing
of prolamine genes. In our experiments, in the offspring of plants with high protein
digestibility, the introduced genetic construct functioned irregularly; in the course of
plant ontogenesis, including the plants from the late generations (T, Ts), the elimination
of the construct for RNA-silencing was observed. In this regard, the methods of genome
editing have significant advantages, since they allow inducing genetic changes in
the structure of kafirin genes. We started the work on creation of sorghum lines with
a modified nucleotide sequence of the gamma-kafirin gene. These lines should have
improved endosperm proteins digestibility and a higher level of essential amino acids.
Acknowledgements: This work was partially supported by RFBR, grant No. 19-016-
00117.
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According to the Genome Tree Theory, in terms of graph theory, the genome of a
multicellular organism is structured in the form of an oriented binary tree, vertices of
which correspond to the same type of logical elements “genome tree loop step”, and
the arcs transfer the control between the “steps”. The step of the Genome Tree may be
represented by three of non-coding regulatory genes with identical complex promotors.
Each cell of a multicellular organism has its own step in its Genome Tree. It receives
control from the step of the mother cell, initiates the execution of the “cell program”
that determines its development and multiplication, regains control after it is completed,
and transfers the control to the steps of the daughter cells. The classic description of
the cell cycle leaves behind such important issues as the change in the orientation of
the mitotic spindle of cell division, the “assembly” of membrane organelles and their
spatial arrangement in the daughter cells taking into account the new cell orientation.
Orientation of the mitotic spindle over any direction can be submitted in a spherical
coordinate system by zenith and azimuthal angles. Cell cycle events are determined by
the cell program, which is a multi-level nested Dijkstra loop organized mostly on non-
coding regulatory genes. The cell program can be represented by one of the standard cell
programs and some combination of subroutines. The change in the zenith and azimuth
angles between the spindle apparatus of the mother cell and that of the daughter cell is
presumably set by one of such subroutines. The progenitor cell of a symmetric organ or a
group of cells divides into two daughter cells. The main feature of the bilateral symmetry
of multicellular organisms (including plants) is presumably the use of the same branch of
the Genome Tree by these two daughter cells in their subsequent cell cycles. Asymmetric
organs and groups of cells of an organism develop from other cells under the control of
other branches of the Genome Tree.
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Polymers comprising raw starch granules are packed in a layered structure consisting
of alternating crystalline and amorphous layers. Study of the morphological parameters
of granules can provide a deeper understanding of the biochemical mechanisms of
their formation and reactivity during (bio) chemical transformations. Morphology and
size of starch granules are supposed to be primarily determined by starch biosynthesis
genes, in particular, genes that encode SBEI and SBEII enzymes (Starch Branching
Enzyme). However, it can be assumed that the set of genes affecting the morphology
of the granules is wider than the structural genes of starch biosynthesis. The aim of
this work is to search for genomic regions associated with parameters defining
morphology of potato starch granules with genome-wide association studies (GWAS)
using the Illumina 22K SNP potato array-genotyped collection (90 cultivars) from ICG
“GenAgro” collection. Evaluation of starch granules was carried out on such parameters
as the area, aspect ratio, circularity, roundness, feret, min. feret, solidity by the method
described previously [1]. The data obtained as a result of phenotyping and genotyping
were processed using Microsoft Excel, Tassel 5 and the R software. Currently, analysis
for the granules circularity is completed. Parameter “circularity” characterizes how
elongated the granules are. Granules with the same projection area may vary from
round to elongated (from O to 1). For the studied potato starch samples parameter
“circularity” varies in the range from 0.79 (cultivar Ladozhsky) to 0.87 (perspective
line G.3-43-6). Data analysis with the use of GLM (Generalized Linear Model) + PCA
(Principal Component Analysis) revealed a significant association with SNP located on
chromosome 11. A detailed study of the identified genomic region is conducted in order
to create proper diagnostic DNA-marker for further accelerated selection of plants with
the required values of morphological starch granules parameters.
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Triticale (x Triticosecale Wittmack) is artificial intergeneric hybrid that combine genomes
of wheat (Triticum spp.) and rye (Secale spp.) Triticales are a convenient biologic
model for study of genetic and epigenetic changes associated with allopolyploidization
in Triticeae. Remote hybridization of plants induces genomic rearrangements, which
may cause the elimination of chromosomes of one of the parents, chromosome number
reduction owing to fusions and rearrangements, and gene expression modification.
Faithful chromosome segregation in mitosis and meiosis depends on the absence
of aberrations in centromere function. The centromere structure is determined by
the centromeric histone H3 variant, CENH3. We studied the CENH3 structure and
expression in wheat-rye allopolyploids with various ploidies and their parental
forms. The cytogenetic analysis included the comparison of in situ hybridization
patterns with the highly repetitive pSc200 DNA probe and centromere measurement
in the allopolyploids and parental forms. Allopolyploids (genome AABBDDRR) were
synthesized by crossing isogenic line Triple Dirk D (7riticum aestivum L.) (AABBDD)
with rye (Secale cereale L.) cv. Korotkostebelnaya 69 (RR). Hybrids of generations
S, through Sg were analyzed. The coding sequences of aCENH3 N-terminal tail from
hybrid S,—S; plants with different chromosome numbers (21 = 42-56) and their parental
forms were amplified with specific primers, and their analysis revealed nonsynonymous
nucleotide substitutions characteristic of wheat and rye. The expression level of CENH3
copies with SNPs characteristic of rye CENH3 increased from generation S, (11 %)
to generation S5 (57 %). Fluorescent in situ hybridization analysis (FISH) with the
highly repetitive DNA probe pSc200 showed identical hybridization patterns in hybrids
having different numbers of chromosomes (2n = 42-56), which were also the same
in the parental rye variety Korotkostebelnaya 69. Stable octoploid triticales (2n = 56)
preserved the rye chromosome set throughout generations S,—Ss, but the plants showed
phenotypic differences.

Acknowledgements: This study was supported by the Russian Fundamental Research
Program, projects 0310-2019-0003, 0324-2019-0039, and the Russian Foundation for
Basic Research, project 18-54-00013a.

PlantGen2019 73



DOI 10.18699/PlantGen2019-056

Bioresource collections of vegetable plants as an initial material
for breeding cultivars with high biochemical value

and for obtaining functional foods

Fotev Y.V.*
Central Siberian Botanical Garden, SB RAS, Novosibirsk, Russia
* e-mail: fotev_2009@mail.ru

The human habitat that has deteriorated in recent decades causes drastic changes in
the assortment and variety of foodstuffs. It greatly contributes to the reduction of
their biological value. Bioresource collections of vegetable plants created in Russia
successfully used for breeding cultivars of cultivated plants and introduction of new
crops. The breeding of vegetable crops — super producers of biologically active substan-
ces distinguished by the stability of this trait is an important task for the near future. The
Central Siberian Botanical Garden SB RAS (CSBG) create a genebank of vegetable seeds
and related wild species, numbering 10754 samples, including 133 species belonging to
44 genera and 13 families. Based on the registered collection UNU No. USU 440534 for
the first time in Russia 5 varieties of new cultures have created and included in the Russian
State Register of Breeding Achievements: cultivars of cowpea (Vigna unguiculata),
bitter melon (Momordica charantia), kiwano (Cucumis metuliferus) and wax gourd
(Benincasa hispida) distinguished by their high biochemical value. The content of
ascorbic acid in the fruits of cowpea samples reaches 83.9 mg% (cultivar Yunnanskaya),
whereas in common bean not exceed 22.9 mg%. Bitter melon fruits are distinguished
by their high content of carotenoids (68.9—177.6 mg% in aryllus), 350.8-545.1 mg%
in leaves, FW and ascorbic acid (72.5-127.5 mg%). Elevated concentrations of Zn are
noted in the fruits of bitter melon, cowpea and kiwano (32.9-57.6 pg/g) whereas its
content in the fruits of tomato is 18.5 ng/g. The fruits of cowpea accumulate an increased
amount of Mo (5.47 ng/g). Coefficient of variation (Cv) of the macro-element content
(K, Na, Ca, Mg, Fe) in the cowpea seeds, when grown in 2018 in the CSBG and in
the Nikitsky Botanical Garden, Crimea was the smallest in cv. “Siberskiy razmer” and
sample of Vigna catjang (14.3 %).
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A serious problem in the study of the role of heavy metals is that many of them in plants
perform the function of vital trace elements. Therefore, when considering the toxicity
of heavy metals, it is necessary to carefully assess the dependence of the reaction of
plants on the concentrations of each metal and to analyze the different effects of heavy
metals on wild and cultivated plants. The aim of our work was to study the effect of
heavy metals such as molybdenum (NaMoO, - 2H,0) and tungsten (Na,WO,-2H,0) in
different concentrations (0.1 mM, 0.5 mM and 1 mM) on the Moco containing enzymes
in barley Hordeum vulgare L. seedlings.

Morphometric parameters of plants showed that Mo has a positive effect on growth
of shoot and root systems, while W inhibited the growth, especially in the root system
compared to their controls. Further in gel activity of Moco containing — AO and XDH
enzymes were examined.

The results showed three different isoforms of aldehyde oxidase — AO1, AO2, and AO3
in the 7 days old barley roots. While in the leaves, AO activity was mild, there was no
obvious distribution among individual isoforms. At high concentrations (0.5 mM and
1 mM) of tungsten, AO activity was completely disabled compare to other treatments.
Adding different concentrations (0.1 mM, 0.5 mM and 1 mM) of molybdenum salts
increased AO activity of the AO1 isoform compared with the control samples.
Investigation of XDH activity showed higher intensity in Mo-treated (0.1 mM and
0.5 mM) seedlings, but high concentration (1 mM) of Mo inhibited of XDH activity.
In addition, tungsten treated seedlings with 1 mM concentration had negative effect on
activity of xanthine dehydrogenase compared to all other samples.
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The assembly site for the kinetochore complex of active centromeres is defined by the
chromosomal location of the centromeric modification of histone H3 (CENH3). The
loss of CENH3 from centromeres leads to improper chromosomal segregation during
cell division. In most diploid genomes, including cereals (maize and rice), in which the
structure and copy number of CENH3 have been determined, CENH3 is encoded by a
single gene. However, some diploid species in the tribe Triticeae have two variants of
CENH3 gene. Previously we have shown the presence of two main forms of protein,
aCENH3 and BCENH3 in rye species (the genus Secale, belonging to the tribe Triticeae).
In rye the average nucleotide identity between aCENH3 and fJCENH3 is 81-83 %, with
main amino acid sequence difference in NTT domain and in a1-helix and loop 1 of HFD
domain (CATD). Due to the presence of two main forms of the histone CENH3 instead
of one, it is of great interest to study their functions. We suppose that the comparative
study of the expression levels of aCENH3 and fJCENH3 in different tissues can shed light
on this problem. Here we determine the expression levels of aCENH3 and SCENH3 in
various tissues of rye, Secale cereale var. ‘Imperial’. The highest level of expression of
both CENH3 forms was found in reproductive tissues (anther and carpel). The expression
ratio of aCENH3 and fCENH3 varies depending on the type of tissue, for example, the
average expression level of aCENH3 was higher than the average expression level of
PCENH3 in leaves but they were comparable in carpels. Our results differ from the
results obtained on barley, where expression level of JCENH3 significantly exceeded
expression level of aCENH3 in all studied tissues.
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Common potato (Solanum tuberosum L.) is the most important non-grain crop. Until
recently vegetative propagation by tubers has been the main method of potato cultivation.
A shift of interest to sexual potato reproduction by true botanical seeds is due to the
appearance of a new hybrid seed breeding strategy. The main expected advantages
of this strategy is a decrease in the risk of plant contamination because most potato
pathogens are not transmitted with pollen and seeds. Successful application of F hybrid
seed breeding for many other crops was supported by cytoplasmic male sterility and/or
by nuclear(genic) male sterility which allow to avoid emasculation.

Eight cytoplasmic types can be distinguished in potato with DNA markers: A, M, P,
W/beta, W/alpha, W/gamma, D, T; three last types are known as sterile which exhibit
a different phenotypic appearance of male sterility. This investigation is focused on the
study of cytoplasmic types in Russian potato gene pool and estimation the perspectives
of their application for developing hybrid seed breeding.

Three major sterile cytoplasm types have been detected in the subset of ~220 Russian
potato varieties: T (~43 %), D (~47 %), W/gamma (~10 %).

According to the results of pollen stainability test, many of varieties with T and D sterile
cytoplasm types had a high pollen fertility level. Some of them were used as effective
pollinators that indicating possible presence of functional alleles of nuclear fertility
Restorer genes. Analysis of polymorphism in the sequences of RFL-PPR gene homologs
in genotypes with T and D cytoplasm types demonstrate that the analyzed sequences
belong to the RFL-PPR gene subfamily and may be considered as Rf gene candidates in
potato.

In contrast, genotypes with W/gamma_sto cytoplasm had always sterile pollen and were
characterized by male tetrad sterility when tetrads fail to disintegrate in microspores.
The data of metabolite profiling of the anthers in fertile and male sterile (W/gamma_sto)
genotypes support the nuclear-cytoplasmic male sterility postulated earlier for potato.
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The shape and structure of the wheat spike is one of the most important characteristics
of cereals associated with their economically valuable qualities such as productivity, the
absence of ear fragility and ease of threshing. The study of the genes controlling these
traits will allow us to purposefully create new varieties with improved characteristics
in terms of yield, ease of thresh and resistance to environmental factors [1]. Evaluation
of wheat spike characteristics in most modern studies is performed by an expert based
on the visual analysis and measuring practices, which requires a significant investment
of time, despite the fact that in modern experiments tens of thousands of plants are
analyzed. Automation of this time-consuming process through the introduction of digital
image analysis technologies is relevant for modern science. We propose the method of
wheat spike morphometry based on the analysis of digital images. This method allowing
extract a number of signs of the spike, such as the spike length, width, area projected
on the image, color, awns volume, etc. The proposed approach allowing analyze the
shape of the ear, which is an important characteristic that is closely related to the species
of the plant, which in turn can be used to identify varieties. In this work, 1454 images
of 382 plants were analyzed. The obtained morphometric data were loaded into the
SpikeDroidDB database ([2], http://spikedroid.biores.cytogen.ru). The method showed
high accuracy for determining the qualitative and quantitative characteristics of wheat
spike.
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The deposition of lipid-based polymers at the surface of plant epidermis affects a large
set of diverse traits in crops. The group of WAX INDUCERI1/SHINE1 (WINI1/SHNI)-
like transcription factor genes belonging to the APETALA2/ETHYLENE RESPONSIVE
ELEMENT-BINDING PROTEIN (AP2/EREBP) gene family has been shown to be
involved in the regulation of lipid biosynthesis and cuticle formation in plants. Taking
a reverse genetic approach, the present study aims to reveal functions of few WINI/
SHNI-like genes in barley. The site-directed knockout of four WINI/SHNI-like genes
in spring barley (cv. Golden Promise) was performed using Cas9 endonuclease targeted
to a region conserved across all four related genes. An analysis of TO and T1 mutants
revealed different combinations of mutated target genes in individual plants. Various
mutant phenotypes were identified in T1 families, which included a deficiency in
cuticle wax deposition at the stem and leaf surface. Co-segregation analysis revealed
this wax-deficient phenotype to be associated with mutations in one of target genes,
namely HvWinl. The cuticle wax measurement and scanning electron microscopy
showed that independent mutations in the Winl gene invariably lead to a significant
reduction in total wax deposition at the leave blades, while stem and leaf sheaths of
such mutants were almost entirely free of wax. These results suggest an organ-specific
transcriptional regulation of cuticle wax accumulation and Winl-mediated activation of
cuticle wax component biosynthesis or transport in barley. Cuticle wax-deficient barley
mutants constitute a useful experimental model for further studies on the transcriptional
regulation of cuticle organization and the role of cuticle composition in the context of
biotic and abiotic stress resiliance.
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In barley (Hordeum vulgare L.), the black grain pigmentation trait caused by the
formation of uncharacterized polyphenolic compounds melanins in hulls and pericarp
was described. The trait is monogenically inherited by the Blp locus mapped on
chromosome 1H. The locus contains 21 genes, nonetheless, the gene controlling black
pigmentation has been not identified and isolated yet. The aim of the current study is to
carry out comparative analysis of barley near-isogenic lines (NILs) differing by the Blp
locus to reveal the most likely candidate gene for Blp. The uncolored cultivar Bowman
and its sister line with black grain i:BwBIp were chosen. A comparative morphometric
characteristic of the NILs under abiotic stress conditions, as well as a cytological analysis
of the developing grain and a transcriptomic analysis in the hulls and pericarp were
carried out. Previously the increased resistance to biotic and abiotic stresses of crops
with black grain was reported. However, our data demonstrated substantially reduction
of the roots and coleoptiles length in the i:BwB/p line under drought conditions, but
similar response to salinity and heavy metal stress with Bowman. Comparative RNA-seq
analysis in the hulls and pericarp of the NILs allowed establishing that the differences in
allelic state of the Blp locus are associated with changes in the expression of more than
a thousand genes. Among the genes with increased expression in i:BwBIp, the genes of
the phenylpropanoids and fatty acids biosynthesis pathways are mostly overrepresented,
while the expression of cellulose biosynthesis genes is significantly reduced in this line
compared to Bowman. Using light microscopy, the chloroplast localization of melanin
pigments was determined.
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In a number of dicotyledonous plants, including Arabidopsis, transcription of organellar
genes is performed by three nuclear-encoded RNA polymerases, RPOTm, RPOTmp,
and RPOTp. RPOTmp is a dual targeting protein, which is presumably involved in gene
expression control in both mitochondria and chloroplasts. A previous study of Arabidopsis
insertion mutant rpotmp showed that it has retarded growth and development, altered leaf
morphology, changed expression of mitochondrial and probably some plastid genes, and
decreased activities of the mitochondrial respiratory complexes. To date, the particular
importance of RPOTmp as a part of mitochondrial and plastid transcription machinery
remains unclear. Despite of the obvious though not fully understood role of RPOTmp
in mitochondrial transcription, the function of this NEP polymerase in chloroplasts of
dicotyledonous plants is still under discussion. Transcription of plastid genome of lower
plants including alga, with the probable exception of Physcomitrella, is performed by
PEP-polymerase (Plastid Encoded Plastid) only. Contrastingly, benefits of angiosperms
using phage-type NEP-polymerase (and eudicots using even two of these) remain
unknown. The aim of this study is to elucidate what role RPOTmp could specifically play
in organelles transcription regulation and possibly in retrograde regulation and cell stress-
responses. Previously, plant lines overexpressing RPOTmp with either mitochondrial or
plastid targeting based on the A. thaliana wild-type line as well as lines with RPOTmp
complimentary functions based on the rpofmp mutant line were obtained and used for
microarray analysis. The transcript level of selected genes isolated from these transgenic
plants germinated in different conditions were used for real-time qPCR analysis. It was
noticed that some lines with RPOTmp overexpression have increased germination rate
under stress condition. We suppose that these lines might have an increased metabolism
rate. Also, the bioinformatics analysis of the promoter region of the Arabidopsis rpot2
gene encoding RPOTmp for different regulatory motifs is presented.
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Bread wheat (Triticum aestivum L., 2n = 6x = 42, BBAADD) is one of the most
important cereal crop. Today there is increasing interest in production of wheat with
high anthocyanin content in grain, as a source of functional foods. Anthocyanins can
be produced in wheat grain either in pericarp (under control of genes Pp) or in aleurone
(Ba). Previously, on the genetic background of Saratovskaya 29 cultivar we developed
a set of near-isogenic lines having different combinations of anthocyanin biosynthesis
regulatory genes Pp-A1, Pp-D1 and Pp3 as well as a blue-grained substitution line (BC,
progeny) carrying the wheatgrass (4gropyron elongatum Host.) Ba genes. Chromosome
C-banding, FISH and microsatellite analysis showed substitution of wheat chromosome
4D by Ag. elongatum chromosome 4Ag. The line was designed ‘S29(4g. elongatum
4Ag(4D))’. We constructed diagnostic markers for the dominant alleles of Pp3 (TaMycl)
inherited from purple wheat and Ba (ThMyc4E) inherited from Ag. elongatum. The
markers together with microsatellites linked to these genes were used for selection of
plants with dominant alleles at the Pp and Ba loci. In the F, progeny, obtained after
crossing the blue- with the purple-grained lines, in addition to deep purple-grained plants
with the dominant alleles of the Pp-1, Pp3 and Ba (4Ag/4D) genes, blue-grained plants
with hairy leaves (H! gene is localized in 4BL) were found. FISH and molecular marker
analysis of these plants confirmed the substitution 4Ag/4B. The line was designed
‘S29(Ag. elongatum 4Ag(4B))’. By crossing the new line with the purple-grained
line, deep purple-grained plants with dominant alleles Pp-1, Pp3 and Ba (4Ag/4B) in
one genome were obtained. The substitution and isogenic lines and the allele-specific
markers designed in the study can be applied for accelerated obtaining wheat with high
anthocyanins content in grains.
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The Vavilov Institute of Plant Genetic Resources (VIR) maintains a large barley
(Hordeum vulgare L.) germplasm collection comprising more than 20,000 accessions
from 24 different species. For the accessions “passport” data describing geographical
origin, taxonomic status and some phenotypic characters are available. No attempt has
yet been made to assess the genetic diversity of the collection with the large number of
environmentally neutral, easily scorable molecular markers such as single nucleotide
polymorphism (SNP). With the modern technology of Genotyping-by-Sequencing
(GBS) available there is a good opportunity to evaluate the genetic diversity of the VIR
barley collection for use in crop improvement programs. In the frame of the collaboration
between VIR and Leibniz Institute of Plant Genetics and Crop Plant Research (IPK)
501 barley landraces and local cultivars from the VIR collection were assessed using
high throughput GBS technique. The 501 barley accessions originated from 46 countries
and were randomly selected for the analysis based on their diverse phenotypic traits. Two
individuals from each accessions were genotyped. Reference based variant discovery
pipeline identified 76,501 SNPs out of which 23,733 SNPs with < 10 % missing data
were selected for downstream study. The yielded SNP data were compared with those
of the ‘Bridge’ project combining genotyping data of 22,626 barley DNA samples from
the National Crop Genebank of China (NCGC), the Institute of Crop Sciences of the
Swiss National Genebank of Agroscope and the IPK barley germplasm collection. The
results of GBS approach performed allowed to compare the genetic diversity of the
barley landraces maintained at VIR with the barley germplasm diversity preserved at
world gene banks.
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Rapeseed (Brassica napus) is oilseed crop vastly used to produce vegetable oil for food,
chemical, and biofuel industries. Despite the fact that rapeseed is quite popular in terms of
trait-genotype association studies the Russian collections which are of high agricultural
value remain poorly studied and described. Here we aim to map the agronomically
important traits (lodging, plant height, glucosinolates content, time of flowering, seed
mass, oil content) obtained for rapeseed collection from All-Russian Research Institute of
Oil Crops (Krasnodar, Russia). In order to perform association mapping the information
on abovementioned traits were obtained for 105 rapeseed lines. In order to perform
genotyping, we applied restriction site DNA digestion procedure followed by Illumina
high-throughput sequencing technique which allowed us to obtain around 8 million of
paired-end reads for each plant sample in three replicates. Using GATK pipeline we
have identified 761304 variants in total of which 221768 were presented by biallelic
SNPs. After quality filtration procedure 8251 biallelic SNPs left which were used for
downstream analysis. Population structure was revealed using admixture software
which allowed to distinguish clear segregation of the rapeseed into two populations
represented by winter and spring types of plant, respectively. The association mapping
was performed in TASSEL software using mixed linear model approach. This allowed to
reveal new potential genotype-phenotype associations. The results on loci significantly
associated with glucosinolates content, plant height and flowering will be discussed in
detail during the presentation.
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Natural production of raw potato starch with pre-designed physical and chemical
properties is a challenging task, which appears to be important for both its industrial
biotechnological processing and developing diets for weight reduction as well as for
maintenance/treatment and prevention of some diseases (diabetes, obesity, etc.). Resistant
starch is considered as important dietary fiber for the nutrition of beneficial bacteria in the
large intestine. For the development of potato cultivars with desired starch digestibility
the next generation breeding techniques are required. Application of these techniques
is based on the information about certain genetic mechanisms, underpinning desired
properties. The purpose of this work was to identify the genomic SNP loci associated
with resistance and digestibility of potato starch. 90 potato varieties and hybrids from the
ICG “GenAgro” collection were genotyped on the Illumina 22K SNP potato array. Raw
tuber starch from the same varieties and hybrids samples were isolated and tested for
resistance to digestion by a-amylase. Contrast forms with low (40-52 %) and high (up to
99 %) resistance were revealed. These data were used for further genome-wide analysis
of genotype-phenotype associations (GWAS). Tassel 5 software and the R package were
used for analysis. Using the GLM (Generalized Linear Model), a significant association
of resistance of tuber starch to amylase digestion was found with the genomic region
assigned to chromosome 5. Based on the results we plan to convert significant SNP to
the convenient CAPs marker for further validation and application for marker-assisted
selection of plants with different tuber starch digestibility.
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Biotechnological and genetic engineering methods can significantly accelerate the
selection process. An important step in these methods is the regeneration of plants in an
in vitro culture. Currently, considerable experience has been gained in the regeneration
of maize plants through somatic embryogenesis (Santos et al., 1984; Alatortseva, 1994;
Huang, Wei, 2004; Obert et al., 2004; Tang et al., 2006; Ahmadabadi et al., 2007; Rakshit
et al., 2010; Joshi et al., 2014; etc.). However, regeneration through callus cultures
is often accompanied by somaclonal variability, which is undesirable when cloning
unique genotypes and carrying out genetic engineering studies. Unwanted variability
can be avoided by plant regeneration through direct organogenesis. Currently, there is
information about single successful attempts to induce direct organogenesis for some
maize genotypes (Ahmad et al., 2017; Ovchinnikova et al., 2018; Humud et al., 2018).
The aim of our study was the clonal micropropagation through direct organogenesis
without callusogenesis of the three maize lines: KM (Brown marker), AT-TM (bm, wx, y)
and AT-TM (lg, y). The lines AT-TM (bm, wx, y) and AT-TM (lg, y) was developed at
the Saratov State University. Mature embryos were used as the primary explants. The
conditions for the sterilization of the kernels were detected. For optimal sterilization of
grains the “Domestos”, 70 % ethyl alcohol and 0.1 % mercuric chloride were used. The
different media for the initiation, micropropagation and rooting were tested. The best
results were obtained on MS medium supplemented with 2.0 mg/l BAP. The 3—5 small
axilary shoots developed in the basal parts of the explant after 3—4 weeks of cultivation.
Microshoots were elongated on the MS medium supplemented with 0.2 mg/l BAP.
Microshoots in the length 8—10 mm were rooted on the MS medium without hormones.
Acknowledgements: This work was supported by the Ministry of Education and Science
of the Russian Federation as part of the basic part of the state assignment in the field of
scientific activity on assignment No. 6.8789.2017/BC.
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The study of molecular interactions between plants and pathogens of paramount
importance in creating methodological approaches to increase crop productivity.
Currently, there are a large number of viruses that infect most plants. The TBSV virus
is an effective and convenient model in studying the molecular interactions of plants
and viruses. The P19 suppressor protein, encoded by the TBSV genome, protects the
viral genomic RNA by binding small interfering RNA duplexes, thereby blocking RNA
interference at the initial stage of infection. Systemic infection and the development of
symptoms is inextricably linked to the level of P19 accumulation in the plant. The aim
of our research is to study the effect of a suppressor protein expression on the activity of
molybdoenzymes. These enzymes play an important function in plant metabolism and
involved in resistance mechanisms to biotic and abiotic factors. Xanthin dehydrogenase
plays a significant role in the metabolism of N-heterocyclic compounds. Plant aldehyde
oxidase is a key enzyme in the synthesis of abscisic acid. Recent studies indicate the
important role of this enzyme in the activation of an oxidative explosion in response
to a viral pathogen. In the experiments were used the wild type TBSV virus and its
suppressor-defective mutant AP19 TBSV. Plants inoculated with AP19 TBSV RNA
mutant transcripts succumb to systemic necrosis and show moderate signs of viral
infection. This phenomenon is explained by the inability of AP19 TBSV to express a
viral protein, a suppressor of RNA interference P19. P19 is able to isolate both siRNAs
and miRNAs, causing morphological disturbances in plant growth. Using the suppressor-
defective mutant of the TBSV virus, we have shown the key role of the P19 protein in the
activation of aldehyde oxidase isoforms. The multifunctional role of the viral suppressor
in the activation of plant defense systems is discussed.
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Sorghum is the fifth most important cereal crop after wheat, corn, rice, and barley. Food
sorghum is used as food in 30 countries for more than 500 million people living in
tropical Africa and South Asia. Forage sorghum is the main ingredient for the preparation
of feed for divorce. Sugar sorghum is grown on an industrial scale for the production
of syrup, malt, starch, and protein is also a promising raw material for the production
of bioethanol. We have conducted studies on the factors affecting the frequency of
formation of morphogenic calluses in a culture of somatic sorghum cells grown in the
conditions of the South-East of Kazakhstan. During the cultivation of somatic sorghum
cells, it was noted that the frequency of callus cell formation and their morphology
was significantly influenced by the original genotype of the donor plant. It should be
noted that during the cultivation of somatic sorghum cells, the main problem for most
genotypes is the phenolic compounds, which are secreted by somatic cells on the seventh
to the tenth day of in vitro cultivation. Phenolic compounds are substances of an aromatic
nature containing one or more hydroxyl groups of an aromatic ring. In the process of
the research it was found that the frequency of callus formation during the cultivation of
somatic sorghum cells in vitro grown in the conditions of the South-East of Kazakhstan
depends on the original genotype. Also, sorghum genotypes have been found that are
capable of forming morphogenic calli that can be used in cell selection for resistance
to biotic and abiotic environmental stress factors. Sorghum genotypes with maximum
sugar content in cell sap were selected. The maximum sugar content was found in the
Kazakhstani 20, Hybrid 3 and Ac-64 genotypes, where the sugar content was 21.4 %,
20.7 % and 20.3 %, respectively.
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The development of high throughput phenotyping platforms is necessary to satisfy
the increasing demand in fast and precise introduction of desired traits into elite crop
material. In ICG, a range of high-performance phenotyping technologies is being
developed. These methods allow one to characterize a large number of plants in a short
period and avoid the subjective description of plants by man. Most of these methods are
based on image processing and allow one to reveal stable phenotypic characteristics and
quantitatively describe all phenotypic diversity. The WildPetotaDB database is being
created for digital phenotypic data obtained from different samples of wild potato species
from VIR collection. The purpose of creating this database is to evaluate and apply the
developed digital phenotyping methods for wild potato material and provide a useful
tool of optimal experimental sample selection for potato breeders and biotechnologists.
The data deposited in the WildPetotaDB include the following fields for each sample:
general description with photo, growing conditions, general tuberization ability, set of
tuber morphological characteristics, pubescence characteristics, tuber starch content
and morphology of starch granules, steroidal glycoalkaloid content and microsatellite
markers of each sample. The database is being developed in a way to collect the most
relevant information about the accessions, necessary for their further involvement to
potato next-generation breeding programs.
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Alien chromatin introgression into the genome of common wheat Triticum aestivum L. is
the most efficient way to enrich the gene pool of this crop. To enhance the breeding value
of wheat, rye Secale cereale L. is used as a source of traits. Today, 1RS.1BL translocation
is widely used throughout the world, transmitted to the genome of commercial wheat
varieties. However, other chromosomes of the rye genome also carry valuable traits such
as resistance to biotic and abiotic factors. This work is devoted to the creation and analysis
of new forms of soft wheat with the rye chromosome 2R introgression. Backcrossing of
the wheat-rye substituted line 2R(2D) with the varieties of soft wheat Saratovskaya 29
(S29) and Novosibirskaya 67 (N67) was carried out. The 2R(2D) line is characterized by
high yield, as well as the quality of grain and bread. The plant karyotypes were analyzed
with C-banding, GISH and FISH methods. Wheat-rye centric translocations of T2R.2D
and 2R chromosomes with long arm terminal deletions were found in the progeny of
backcrosses with N67 and S29 respectively. Changes in the chromosome structure
influenced the morphological characteristics of plants. Plants with T2R.2D translocations
were analyzed according to eight quantitative characteristics: plant height, spike length,
number spikelets per spike, number grains per spike, number grains per plant, weight
of grains per spike and plant, weight of 1000 grains. A positive effect on the decrease in
height in plants with translocation T2R.2D was revealed. The lines with T2R.2D centric
translocation were lower (from 83.324+1.79 to 116.22+4.71 c¢m) than the parental S29
(126.3+£2.33 cm) and N67 (121.37+1.16 cm) varieties. Since the creation of varieties
with a short stem is preferable in breeding for resistance to lodging, these lines may have
practical value in breeding programs. Almost all lines with translocations were lower or
corresponded to the level of varieties S29 and N67 for the rest of the indicators of yield
structure.
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MY B transcription factors (TFs) family play a great role in the development, metabolism
and plant responses to biotic and abiotic stress. The free energy of miRNA binding, the
value of free energy of interaction, the position and schemes of potential binding sites
(BS) were calculated using the MirTarget program. To identify miRNAs whose targets
are genes of the TF MYB family, a search of 738 miRNAs BS in mRNAs of 124 MYB
family genes of O. sativa was performed. 56 genes were identified as targets for
40 miRNAs. The BS of osa-miR529a-3p, osa-miR414-5p, 0sa-miR2919, osa-miR2868-
5p, 0sa-miR2097-5p, osa-miR156a-5p, osa-miR1442-5p in the mRNAs of the O. sativa
MYB family genes were located in 5'UTR, while osa-miR818a-3p BS in the mRNA of
MYB family genes of the O. sativa were located in 3'UTR. The osa-miR5075-3p and
osa-miR159¢c-3p BS were located in 5'UTR and CDS mRNA of the O. sativa MYB
family genes. osa-miR2102 binds to mRNAs of 21 MYB genes. The free energy of
interaction of osa-miR2102-5p with the mRNA of these genes varied. osa-miR5809-3p
had BS in the mRNA of nine target genes. osa-miR5075-3p and osa-miR5833-5p had
four and six target genes, respectively. The remaining miRNAs had only one or two
target genes. Studying the binding of 125 miRNAs to the mRNAs of 258 genes of the
T. aestivum MYB family resulted in a finding that 48 genes were targets for 28 miRNAs.
miRNA BS in the mRNA of MYB family genes were located only in the CDS. tae-
miR159b-3p, tac-miR 164-5p and tae-miR444b-3p had BS in the mRNA of seven genes.
tae-miR10518-5p had five target genes. For tae-miR5084-3p, taec-miR171a-3p, and tae-
miR10517-5p, targets were mRNA of three genes. tac-miR9676-5p, tae-miR9666a-3p,
tae-miR9662b-3p, tae-miR5384-3p, tac-miR398-3p, tac-miR319-3p, tac-miR1127b-3p
had two BS in the mRNA MY B genes. The remaining miRNAs had only one target gene.
The target genes from MYB family of O. sativa and T. aestivum for miRNAs have been
identified, the associations of which were identical for both plant species.
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CRISPR/Cas9 (Clustered Regularly Interspaced Short Palindromic Repeats/CRISPR-
associated Cas9 endonuclease)-mediated genome editing has revolutionized biological
research and crop improvement because of its specificity, simplicity, and versatility.
Editing a gene by CRISPR/Cas9 only has three requirements: (1) expression of the
nuclear localized Cas9 protein; (2) production of a guide RNA (gRNA) molecule, whose
first 20 nucleotides are complementary to the target gene; (3) the NGG PAM site that
is located immediately adjacent to the 30 end of the target sequence. The majority of
the reported CRISPR/Cas9-mediated gene editing in plants belongs to this category.
CRISPR/Cas9-mediated gene editing technology has the potential to greatly facilitate
plant breeding. However, so far only a very few examples of improvement of agronomic
important traits and creation of novel germplasm in crop plants have been reported. Here,
we succeeded in constructing individual target gene editing objects for 22 genes related
to starch biosynthesis in rice via CRISPR/Cas9. A total of 1685 TO plants (60 sgRNAs
per each) were analyzed by NGS for genetic modification, resulting in a mutation in
the target gene of 965 individuals. From these mutants, T1 seeds were grown through
single copy and homo-, hetero-, di-allelic studies and used for selection null plants.
We defined the roles of some genes example SBEI and SBEIIb etc, in determining the
amylose content, fine structure of amylopectin, and physiochemical properties of starch.
This work enables the improvement of nutritional properties of starch in rice grain, thus
potentially providing health benefits to many people.

Acknowledgements: This work was supported by a grant from the Next-Generation
BioGreen 21 Program (PJ01319302), RDA, Republic of Korea.

92 PlantGen2019



DOI 10.18699/PlantGen2019-075
Reduced ethylene production in tomato fruits
upon CRISPR/Cas9-mediated LeMADS-RIN mutagenesis

Jung Yu Jin!, Lee Geung-Joo?, Bae Sangsu®, Kang Kwon Kyoo'*

! Department of Horticultural Life Science, Hankyong National University, Ansung, Korea
2 Department of Horticulture, Chungnam National University, Daejeon, Korea

3 Department of Chemistry, Hanyang University, Seoul, Korea

* e-mail: kykang@hknu.ac.kr

Recent progress in genome editing methods has opened new opportunities for reverse
genetics-based studies in plants. The clustered regularly interspaced short palindromic
repeat (CRISPR) system is a novel strategy used to induce mutations in a specific genomic
region of a variety of organisms, including plants. Here, we describe a high-frequency
targeted mutagenesis utilizing Agrobacterium-delivered CRISPR/Cas9 in tomato. This
system consists of an Agrobacterium binary vector and three guide RNAs for single
gene targeting. We evaluated the system for its mutagenesis frequency and heritability
using LeMADS-RIN gene of tomato. T, transgenic events carrying mutations in the
LeMADS-RIN gene occurred at rates over 10.6 % mutants per transgenic event in both
‘Mamirio’ and ‘Golden bell” tomato genotypes. Three independent T, transgenic lines
and wild-type (WT) tomato plants were used for ethylene analysis. Compared with WT
plants, edited mutants exhibited more incompletely-ripening fruits and lower ethylene
contents. Following genetic combination through segregation, null segregants carrying
only the desired mutant alleles without the CRISPR transgene could be retrieved among
the T, progeny. These Cas9/gRNA transgenic lines, therefore, can be used to convey the
CRISPR-based mutagenesis by genetic cross to tomato lines that are not amenable to
genetic transformation.

Acknowledgements: This work was supported by a grant from the Next-Generation
BioGreen 21 Program (PJ01319302), RDA and Golden Seed project (213007-05-2-
SBD30), Republic of Korea.
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Currently, the most accurate methods for establishing variety identity are DNA
polymorphism analysis methods. One of such methods widely used for certification is
microsatellite analysis. Microsatellite markers developed for Miscanthus have not yet
been introduced into practical application for the certification of varieties. The aim of the
current study was to develop a method of genetic certification of samples of the Miscanthus
collection based on microsatellite analysis. A total of 47 Miscanthus samples were studied:
23 accessions from the introduction collection (21 accessions of M. sacchariflorus,
1 hybrid of M. giganteus and 1 hybrid sample, which taxonomic assignment is still
to be clarified) and 24 plant samples of M. sacchariflorus cv. Soranovsky, having
different morphotypes. The latter was included to study intravarietal polymorphism of
the cv. Soranovsky to check whether there are genetic differences between different
ecotypes. When selecting plants cv. Soranovsky, attention was paid to such signs as the
presence (plants no. 1-7) and absence (plants no. 9-16) of a full panicle, as well as a
tendency to lodging (plants no. 17-24). A total of 10 primer pairs for amplification of
highly polymorphic microsatellite loci were selected from the literature. Based on the
cross-assessment of these primers for the formation of dimers, the optimal combinations
for multiplex PCR were selected. The PCR testing was carried out on individual primer
pairs on the extracted DNA. Three sets of fluorescently labeled markers were designed
for further multiplex PCR and fragment analysis. Identification of various samples of
Miscanthus, as well as evaluation of intraspecific polymorphism of the cv. Soranovsky,
is carried out.
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The cDNA-gene AtelF20 from A. thaliana was amplified by RT-PCR and cloned in
pUC19 vector. In vitro mutagenesis was carried out replacing the 56th serine codon
with triplet encoding phosphomimetic aspartic acid. AfelF2a(S56D)-gene was cloned
in binary agrobacterial vector pCambia2300 under the control of either constitutive
(355CaMV) or stress-inducible (rd294) promoter. Translational enhancer Q (5'UTR of
TMV) was inserted downstream of 7d294 promoter.

The resulting DNA constructs [35SCaM V-(His-tag)-AtelF20(S56D)-nos_pCambia] and
[rd29A4-Q-(His-tag)-AtelF20(S56D)-nos_pCambia] were transfected into agrobacteria
cells, which were then used for vacuum infiltration of tobacco leaves for transient
expression. Using RT-PCR, the transcription of (His-tag)-AtelF20(S56D)-transgene is
shown in leaves on the third (from 35S5) and fifth day (from rd294). On the same days,
the synthesis of (His-tag)-AtelF2a(S56D)-protein was confirmed by immunoblotting
using anti(His-tag) antibodies.

Stable transformation of virus-free potato plants of ‘Milena’ variety was carried out.
Regenerated plants were tested by PCR for presence of transgenic inserts. Total RNA
preparations were isolated from transgenic plants and analyzed by RT-PCR to assess
the levels of transgene mRNA synthesis. Synthesis of mRNA was confirmed only in
plant lines that were genetically modified (GM) by DNA-construct [rd294-Q-(His-tag)-
AtelF2a(S56D)-nos_pCambia). These lines were propagated and tested for resistance to
elevated temperatures and to water deficiency.

In particular, the tested GM-potato line No. 91 expressing the AteIF2a(S56D) transgene
showed significant resistance to drought. Similarly, all control potato plants of ‘Milena’
variety died after 14 days without watering, whereas all GM-plants of No. 91-line
survived after 21 days of drought.

This technology for improving plant resistance to abiotic stresses can apply not only to
potatoes, but also to other economically important crops.
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Recently we have released the MIGREW database (https://migrew.sysbio.cytogen.ru/
migrew). It stores information on wheat immunity to rusts and powdery mildew that
shared between the following objects: diseases, plants, chromosomes, genes, markers,
protocols, pathogens and papers. The data focuses on effectiveness of wheat resistance
genes in different regions of the Russian Federation. For each object of the database, one
can obtain all levels of objects it is related with. Some typical use cases with the database
were implemented in the MIGREW web application. On the other hand, these use cases
are hardcoded through the application web forms. It is a challenge to get information
that is not presented in the predefined author’s logic. To take into account possible users
requirements we have also developed REST API for the MIGREW database (https.//
migrew.sysbio.cytogen.ru/migrew _api). It is the direct way to the data acquisition that
could be used by any programming/modeling tool that support REST service calls
(Python, R or Matlab, for instance). If one uses Python in a daily work, he/she is familiar
with the wide set of available tools and libraries for data analysis and data representation.
Using these tools, one can write a script for data processing and results visualization. Here
we demonstrate several use cases of the MIGREW data access and their visualization on
global map with Python through the REST API: first — visualization of effectiveness of
the wheat resistance gene or group of co-segregated resistance genes in the regions of
the Russian Federation; second — occurrence rate of the virulence gene in the pathogen
populations of the Russian Federation. Using these scenarios as a basis, one can develop
his/her own scripts for MIGREW data accessing/processing and visualization in Python.
Acknowledgements: The study has been supported by the Budget project 0324-2019-
0040 and RFBR grant No. 17-29-08018.
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The genetic diversity of the fungus Puccinia graminis is extremely high. Within the
species, there are several special forms (f. sp) virulent to different cereals, and there is
a differentiation of P. graminis f. sp. tritici (Pgt) determined by the resistance of wheat
varieties. The objective of this study was to develop the panel of SSR markers to estimate
the level of genetic diversity among the Siberian stem rust isolates. The effectiveness
of 20 SSR markers used in the international rust laboratories for Pgt differentiation
(Zhong 2009, Berlin 2012, 2017) was tested on a sample of 14 plants infected with stem
rust: wheat varieties and wild grasses with urediniospores from Omsk, Novosibirsk,
and Altay regions, together with the sexual progeny on barberry leaves (aeciospores) in
Novosibirsk. Thirteen markers were polymorphic and only five of them gave amplicons
with the sizes expected from published data: 227AAGR/F, 24R/F, CAAS53F1/R1,
PgCAAS8F1/R, CAA49F1/R1. Therefore, this suggests the large genetic distance
between Western Siberian and European populations of stem rust. Pgt samples from
the same wheat variety — Chernyava 13, collected in Omsk and Novosibirsk regions,
showed differentiation on the SSR-profiles of five markers: 109AGGF/R, 227AAGR/F,
293F/R, PgCAA8F1/R1, CAA49F1/R1. These results indicate that two distant Pgt
populations exist in these regions of Western Siberia. Four SSR markers (109AGGF/R,
CAA98F1/R1,CAAS3F1/R1, CAA49F1/R1) were able to differentiate the single pustule
isolates obtained from the Novosibirsk population. This set of markers may be useful to
inspect the extended sample of Pgt isolates. Most of the tested markers gave the same
SSR-profiles for samples of aeciospores and urediniospores from wild grasses, but not
from wheat. These results tell us that another special form, not Pgt, could be segregated
in sexual progeny on barberries in Novosibirsk.

Acknowledgements: The study has been supported by the Budget project 0259-2019-
0001 and RFBR grant No. 17-29-08018.

PlantGen2019 97



DOI 10.18699/PlantGen2019-080
New breakthrough CRISPR/Cas9 biotechnology of genome editing
is a powerful tool for improvement of agricultural crops

Kershanskaya O.1.*, Nelidova D.S., Esenbaeva G.L. Mukiyanova G.S., Nelidov S.N.
Institute of Plant Biology and Biotechnology, Almaty, Kazakhstan
* e-mail: gen_o.kersh@mail.ru

The technology, a genome-editing tool called CRISPR/Cas9, revolutionized the life
sciences when it appeared on the market in 2013. It is now proving useful in the plant
science community as a powerful tool for the improvement of agricultural crops.
CRISPR/Cas9 system is a simple, inexpensive and versatile tool for gene/genome
editing, resulting in which has become known as the ‘CRISPR craze’. The multitude of
functions that can be performed with CRISPR/Cas9 make it a molecular tool that will
open new opportunities in the complicated world of plant-pathogen interactions and help
design durable crop resistance to pathogens. Our goal is to create elite barley cultivars,
resistant to viral diseases, in Kazakhstan. Using the CRISPR/Cas9 tool editing of e[F4E
gene that conferred resistance to multiple viruses has been successfully engineered in
5 commercial Kazakhstan barley cultivars. Elite crops cultivars will benefit farmers and
the local economy. Generally, the CRISPR/Cas9 system for plant genome editing is a
breakthrough technology in breeding — prospect for creation of elite high yielding crops
that could be exempt from GM classification.
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Flax (Linum usitatissimum L.) is one of the major sources of omega-3 fatty acids (FAs),
which provide health benefits for humans. Flaxseed oil is composed of palmitic (PAL,
C16:0), stearic (STE, C18:0), oleic (OLE, C18:1), linoleic (LIO, C18:2), and linolenic
(LIN or ALA, C18:3) acids, with high levels of LIN and moderate levels of LIO, the
essential FAs, being attributed the nutraceutical properties of flaxseed. Genetic control
of FA biosynthesis in flax has been studied and genes encoding the enzymes that perform
FA synthesis have been identified, however, there is still little information regarding the
relationship between the genetic diversity of these genes and fatty acid composition
in flax. In the present study, our goal was to analyze the genetic variability for SAD
(stearoyl-ACP desaturase) and FAD (fatty acid desaturase) genes in flax by sequencing
these genes in 288 flax accessions with different proportion of FAs, obtained from the
Institute for Flax (Torzhok, Russia). For genetic variation analysis, we used generated
DNA sequences with an average coverage of 100x for an individual sample from the
[llumina platform. Genetic variation data were correlated with FA composition data, in
order to determinate the key polymorphisms leading to different proportion of FAs that
will provide further information in order to understand the genetic factors controlling FA
composition in flax.

Acknowledgements: This work was performed within the framework of the Program of
fundamental research for state academies for 2013-2020 years (No. 01201363824) and
was funded by RFBR according to the research project No. 17-29-08036.
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Introduction and Aim: Environmental stresses such as drought and salinity inhibit plant
growth and productivity. Chickpea is an important legume, moderately tolerant to high
temperatures, drought and salinity stress during the growing season. CaRab-GTP,
intracellular vesicle trafficking superfamily genes, play essential role in response to
these stresses. CaRabC, belonging to the family of Rab-GTP genes, was identified from
an SNP database using bioinformatic and molecular genetic analyses.The aim of this
study was to identify and analyse the role of CaRabC in tolerance to drought, salinity
and rapid dehydration in chickpea.

Methods: Bioinformatics and systems biology methods were applied in this study to
confirm the potentially important role of the target gene in tolerance to abiotic stresses
in chickpea. Three experiments applying abiotic stress treatments (salinity, slow drought
and rapid dehydration) were carried out. For gene expression, RNA was extracted from
control and stressed plants with subsequent cDNA synthesis and qPCR analysis. For
SNP identification, Amplifluor SNP analysis, sequencing and bioinformatics were used.
Results: Eight sub-families with 54 isoforms of CaRab genes were identified and clearly
distinguished in the phylogenetic tree based on protein sequences. Levels of CaRabC
expression were very high in plants subjected to salinity and rapid dehydration, but
down-regulated under slowly developing drought. Five isoforms of CaRabC were
strongly stress- and genotype-dependent, showing differential expressions.

Conclusion: CaRabC is part of the large Rab-GTP gene family. All five isoforms were
expressed differently in response to salinity, rapid dehydration and drought. This confirms
the important role of this gene in the tolerance of chickpea plants to abiotic stresses.
Acknowledgements: This study was supported by the Ministry of Education and Science.
Kazakhstan, Research program BR05236500 (SJ).
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DNA barcoding relatively a novel approach, which was developed to provide rapid,
accurate and automatable species identification by using standardized DNA regions. The
Consortium for the Barcode of Life (CBOL) plant-working group recommended the
2-locus combination as the standard plant barcode. The evolutions of the chloroplast
regions combine with nuclear gens are sufficiently rapid to allow discrimination between
closely related species. In this study, we tested the phylogenetic utility of the DNA
barcoding loci (ITS2, matK, psbA-trnH and rbcL) for efficient discrimination of Triticum
species. To assess the barcoding efficiency to resolve the species discrimination, a total
of 109 accessions representing 16 recognized genotypes in the Triticum genus have been
sampled. Topologies of the phylogenetic trees based on combination of DNA barcode
analyses were similar, but a few accessions were placed into distant phylogenetic groups.
The 109 accessions analyzed in this study were placed into three groups supported by
high bootstrap values. However, as expected the barcoding analyses were not able to
discriminate some closely related 7riticum species. Thus, we have proposed, molecular
studies with more diverse markers and species will be required to clarify the ambiguities
surrounding the phylogeny of these important genera.
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In this study we investigated common wheat varieties adapted to the environment of
Western Siberia and the Ural. The qualitative characteristics of flour and grain determine
the technological properties of the product and its nutritional quality. The decrease of
grain baking parameters result in the inability to produce a sufficient amount of good
quality bread. Thus, it is necessary to identify new resources to improve these traits.
We analyzed grain quality traits, such as nitrogen, protein, thousand grain weight, grain
bulk density, vitrescence, falling number, gluten; and flour quality traits: flour particle
diameter, flour surface, flour strength, dough resilience, dough strength and extensibility.
The population of 92 common wheat varieties was genotyped using the 15K Illumina
Infinium SNP array (TraitGenetics GmbH). We used Mixed Linear Model implemented
in EMMAX algorithm of R package GENESIS to perform association analysis. The
results revealed SNP markers significantly associated with every trait. Some of the
detected loci corresponded to known loci, but the others were firstly described. The
results obtained will be tested in repeated study. Using the SNP sequences associated
with the traits, markers will be developed to use them in further selection process.
Acknowledgements: This study was supported by the Russian Science Foundation
Project No. 16-16-00011-P.
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Variability of heading time may affect wheat adaptation to different environments. Thus,
the detection of new heading time determinants is important for improving cereals. In
this work, we used common wheat cultivar Chinese Spring (CS) and the substitution line
of CS with 5B chromosome from 7. dicoccoides (CS-5Bdic), different in their flowering
time by two weeks, to detect determinants of heading time on 5B chromosome. Using the
RICL population from a cross of CS x CS-5Bdic, we detected QTL in pericentromeric
region of chromosome 5B, that was significantly associated with heading time. To
determine candidate genes, that affect the trait of our interest, we analyzed transcriptomes
of CS and CS-5Bdic using the RNA-seq. Three replicate samples from each genotype
were harvested at four time points over 24 hours since the beginning of the light period
(0, 3,9 and 16 hours). The genes showed differential expression between the substituted
line and CS were identified in each time point. GO analysis revealed that the DEGs were
mainly involved in nitrogen assimilation and metabolism, photosynthesis, regulation of
transcription, ATP metabolism. Among the genes, differentially expressed between CS
and CS-5Bdic, one of the most interesting is TraesCS5B01G075300, which is higher
expressed in CS at all time-points. This gene is localized in the region of the heading time
QTL, detected previously. qPCR confirmed the revealed differences in the expression
level. The TraesCS5B01G075300 gene encodes Myb transcription factor. Best hit
resulted from blastp analysis against 4. thaliana is EFM (EARLY FLOWERING MYB
PROTEIN) protein, involved in regulation of flowering.

Acknowledgements: The study has been supported by the Budget project 0324-2019-
0039.
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Species of the genus Fagopyrum Mill. are prospective sources of flavonoids, the main
among which is the 3-O-rutinoside quercetin. The most important task of selection is to
develop new varieties ones with a high content of flavonoids. The study of intraspecific
genetic diversity of F. esculentum is extremely relevant, due to the presence of a large
number of the variety, which differ in the content of flavonoids. In this regard, the aim of
this study was to evaluate the genetic polymorphism of the buckwheat variety of different
origin with a high content of flavonoids using the molecular marking. Using method of
ISSR-analysis there were investigated 5 varieties of F. esculentum: Izumrud (Primorsky
Krai, Russia), Kitawase 1 (Japan), Kitawase 2 (Japan), Cheremshanka (Tatarstan,
Russia), Bashkirskaya with red stem (Bashkortostan, Russia), using four primers. As a
result of the PCR there were revealed 106 amplicons, 105 of which were polymorphic.
The polymorphism (P) in the joined sample was 99.6 %. However, the variability within
the varieties significantly differs from the minimum P = 50 and 50.94 % in Izumrud and
Bashkirskaya with red stem accordingly, to the maximum P = 75.47 % in Cheremshanka.
Varieties Kitawase 1 and Kitawase 2 have close values of polymorphism P = 65.09 and
64.15 %, respectively. Based on the analysis of the distribution pattern of the revealed
fragments, there were calculated the indices of differences — the genetic distances (Dy).
The highest value of Dy = 0.2296 were defined between the varieties Izumrud and
Bashkirskaya with red stem, the smallest Dy, = 0.0284 was found between Kitawase 1
and Kitawase 2. Varieties [zumrud, Bashkirskaya with red-stem and Kitawase 1, which
have the greatest genetic differences, present the practical interest for the development
of new genotypes with a high content of flavonoids.

Acknowledgements: The work is fulfilled in the frame of the programme “The Priority
Scientific Research in favour of the complex development of the Far Eastern Branch of
the Russian Academy of Sciences”.
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Tan spot, caused by Pyrenophora tritici-repentis, is a serious foliar disease of wheat in
Kazakhstan. The aim of this study was the identification of wheat genotypes resistant to
P, tritici-repentis against Ptr race 1 and race 5 and their host-selective effectors Ptr ToxA
and Ptr ToxB. The common wheat collection of 41 accessions where characterized using
the molecular markers Xfcp623 and XBE4444541, diagnostic for the Tsnl and Tsc2
genes conferring the sensitivity to fungal toxins. The accuracy of marker XBE444541
with race 5 was 92.11 %, and to Ptr ToxB — 97.37 %. Genotyping results using the
Xfcp623 marker confirmed the expected response to Ptr ToxA; the presence/absence
of the Xfcp623 marker completely (100 %) coincided with the sensitivity/resistance to
race 1 and Ptr ToxA. It demonstrates the reliability of a diagnostic marker of Xfcp623
for identifying wheat genotypes with resistance the fungus and insensitivity to toxin Ptr
ToxA. The study of the reaction of wheat germplasm to the fungal inoculation and toxins
infiltration showed that out of 38 analyzed 30 genotypes (78 %) exhibited resistance
to both race 1 and race 5, and insensitivity to toxins Ptr ToxA and ToxB. Of the most
significant interest are eight wheat genotypes that showed resistance/insensitivity both
to the two races and two toxins. The results of phenotyping were reconfirmed by the
molecular markers used in this study. Sensitivity to Ptr ToxB is not always correlated with
susceptibility to race 5 and is dependent on host’s the genetic background of the wheat
genotype, i.e. from a specific wheat genotype. The results of the study are of interest
for increasing the efficiency of breeding based on the elimination of the genotypes with
dominant alleles Tsnl and Tsc2, sensitive to the toxins Ptr ToxA and ToxB.
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The color and textural characteristics of the ear and grains are associated with a
number of phenotypic traits that are important for selection. The color of the ear can
be associated with the stage of plant development, the content of various metabolites
in the plant tissues, or the stressful effects of the environment. Textural signs can be
used to detect pathogens or anatomical parts of the spikelet. We propose the results of
an evaluation of the method for classifying cereal grains based on color and textural
characteristics using machine learning approaches. As part of this work, a data set was
created in which images of grains of different genotypes are presented: parental forms
of the ITMI mapping population that carry nonallelic genes of red grain; the Opata-85
sort carries the R3 gene (chromosome 3BL), and the synthetics R-93 carries the R1 gene
(3DL chromosome). Among 110 recombinant lines, there are genotypes — carriers of one
or two genes of the color, or white grain (recessive alleles of both genes), on which the
nature and intensity of the color depends. We calibrated the color of images by method
used in epilluminous microscopy using the target ColorChecker Mini Classic, which
was placed in the area of each frame. Such a correction made it possible to eliminate
color distortions in the image arising due to different lighting conditions. The grains
in the image were recognized by the method proposed by us earlier and implemented
in the SeedCounter mobile application. As a result, a set of metrics that are suitable
for describing the texture and color of wheat grains was determined. We evaluated the
importance of features in the task of classifying grains according to color characteristics
and implemented the calculation of these features in the SeedCounter mobile application.
Acknowledgements: This work was supported by the Russian Science Foundation, the
project 17-74-10148. Authors are grateful to Pshenichnikova T.A. for plant seed material.
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Protective reactions of plants from fungal infections are based on structural features of
plants tissue and contents of any metabolites having protective effect.

In some of researches participation in protective mechanisms of products of a fenil-
propanoid way of metabolism — lignin, lignan and aromatic glycosides is noted. Also
resistance of plants can be connected with degree of a mineralization of tissues of a
stalk and a leaf, in particular, with silicon content. Terminal reaction of a fenilpropanoid
way — formation of monolignol (aromatic alcohols) — is controlled by family of CAD
enzymes (cinnamil alcohol dehydrogenase; EC 1.1.1.195). The of F3 and F4 progenies
of spring bread wheat differing on CAD genotypes, received from crossing of a cultivar
Novosibirskaya 9 with nulli-tetrasomic lines of a cultivar Chinese Spring. The progenies
were landed on the infectious field and showed various degree of susceptibility to brown
rust. These plants were used for the analysis of leaves tissues on micromorphological
and chemical characters. Large plaques and spot consisting of mineral compounds were
observed on the leaf surface of the more resistant plant. On a surface of leaves of a
sample, susceptible to brown rust, the high content of salts of calcium whereas on a
surface of leaves of steady genotypes silicon oxide prevails is revealed. In steady against
defeat by brown rust samples the content of lignin is higher concerning carbohydrates.
Leaves of plants unstable to a fungal infection contain less chlorophyll b that can cause
an arrest of development and flowering of plants. In leaves of steady genotypes the high
content of aromatic acids is revealed. It is possible that the observed differences lead to
afflict the plants with leaf rust to such different degrees. In that case these characteristics
can be used for diagnostics of potential resistance of cultivars to fungal infection.
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Motivation: Triticum aestivum is one of the most important agricultural plants. Abiotic
stresses such as drought and cold are a common cause of reduced productivity of this
culture. Resistance to abiotic factors is a complex (multigenic) traits. The study of the
stress response mechanisms of 7. aestivum is an actual goal of basic research and has
practical significance. To identify a complete set of genes an analysis of full transcriptome
data is necessary. Transcriptome sequencing was performed using MACE method under
control and stress conditions.

Method and algorithm: In this work we used plants of bread wheat (Triticum aestivum L.)
varieties Saratovskaya 29 and Yanetskis Probat with different abiotic stress tolerance.
The plants were planted in mobile hydroponic pots and grown under controlled day/night
cycle (16/8 hour). Cold stress treatment were simulated in a climatic chamber at +4 °C for
6 and 24 hours with the same lighting conditions. Drought simulated by discontinuation
of watering. After treatments tissue samples were sampled, freezed in liquid nitrogen
and stored at —80 °C. Sequencing was performed on Illumina NexSeq 500 platform. The
FastQC program was used to analyze the quality of the libraries. Trimmomatic was used
to filter the libraries. STAR was used to mapping reads to reference genome. Search
for the differentially expressed genes was performed by featureCounts from package
subread-1.6.3-source and EdgeR.

Results: Analysis of T. aestivum transcriptomic data revealed 1292 genes differentially
expressed under stress conditions. Most of the genes are differentially expressed in cold.
The gene lists of cold-response between the studied varieties are intersect more strongly.
Differences in the mechanisms of reaction to stress between the studied varieties were
revealed. Identified genes can be used in subsequent genome selection.
Acknowledgements: Supported by grant from RSF No. 17-74-10198.
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Nowadays, plant breeding worldwide is routinely supported by the application of the
solutions developed by biotechnology. One of the most important milestones, which
allowed for significant improvement of the selection process was the application of the
molecular markers for genotyping of the plant material (marker assisted selection, MAS).
The major advantage of this approach is fast and reliable identification of the materials
carrying desirable genes in the genome. However, the limitation of the MAS is often the
insufficient availability of the molecular markers useful for application. Because of that
fact development of the new molecular markers linked to important genes (e. g. dwarfing
or resistance genes) is of great importance.

Research performed in the Institute of Plant Genetics, Breeding and Biotechnology
allowed for the development of the novel sequence specific molecular markers, which
has a potential for application in plant breeding. The most important findings include
identification and development of molecular detection methods for the novel genetic
sources of dwarfism in triticale as well as two genetic sources of powdery mildew
resistance in oat. These new genes were introduced into triticale and oat genomes from
wild relatives. Subsequently, on the basis of obtained plant material, reliable methods
of their molecular detection, based on sequence specific markers, have been designed.
Moreover, as a result of our studies, we have adapted molecular markers developed for
detection of the several wheat leaf rust (L7) and powdery mildew (Pm) resistance genes
to an application in triticale in both singleplex as well as multiplex format. Developed
molecular markers may provide a valuable tool for detection of the presence in cereals
genomes selected genes important for their breeding programs.
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Comparative transcriptome analysis of vegetative apices of Syringa vulgaris L. during
physiological rest or in phase of active growth in vivo and in vitro were carried out. For
transcriptome analysis the two type of lilac’s shoots were used: (1) the aseptic culture of
Syringa vulgaris L. shoots cultivated in the lab since 2008, (2) the adult plants growing
in the open ground of MSU Botanical Garden. For experiment the aseptic microshoots
were precultivated under slow-growth culture condition during 270 days after then
apexes of one half of shoots were cutted and fixed in RNA-later. The remaining shoots
were transferred to normal condition and growing for 28 days. Likewise the vegetative
apices of adult S. vulgaris shrubs were collected under physiological rest (in winter)
and from active growth (in springtime). The total RNA was purified with RNeasy Plant
Mini Kit (Qiagen) from 20 mg of each fixed samples. The libraries were prepared
using NEBNext® Poly(A) mRNA Magnetic Isolation Module and NEBNext®Ultra
RNA Library Prep Kit for Illumina (NEB) and sequenced using HiSeq 2500 System.
Reference transcriptome was assembled by Trinity, transcript quantification were made
by Salmon and differential expression analysis were conducted using edgeR. A pairwise
comparison of samples showed different level transcripts of two B-glucosidase isoforms,
five superoxide dismutase isoforms, four peroxidase isoforms and three xyloglucan xylo
glucosyltransferase isoforms in slow-growth condition in vitro vs. physiological rest
lilac’s plant apices in vivo. And different level transcripts of seven superoxide dismutase
isoforms, three B-glucosidase isoforms and cytochrome p450 isoforms in lilac’s shoot
apices of active growth plants in vivo vs. in vitro.
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Postgenomic technologies in practical forestry:
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The forest genetics, tree improvement and protection can greatly benefit from complete
genome sequence data made recently available for several major conifer species. They
allow to identify and annotate genes, other functional elements (SRNA, transcription
factors, regulatory elements, etc.), and genetic networks that control adaptation and
disease resistance. They can be used to develop highly informative genetic markers that
can be applied in population genetic studies to create database of barcodes for individual
populations to fight illegal timber harvest and trade. They are very much needed for
development of genome-wide genetic markers for association studies for linking genetic
variation (SNPs, alleles, haplotypes, and genotypes) with environmental factors, adaptive
traits and phenotypes for better understanding genetic control of agronomically and
economically important traits. They can be also used to develop genome-wide genetic
markers for genomic-assisted selection to breed for better adapted, stress resistant and
climate change resilient trees with desirable quality ecological and economic traits.
Finally, whole genome sequences allow to integrate proteomics, transcriptomics,
and metabolomics and provide reference genomes for resequencing. One of the most
important practical applications of genomics in forestry, which will be presented in
detail is development of highly polymorphic and informative DNA markers for several
very important boreal forest species in Eurasia, Siberian larch (Larix sibirica Ledeb.),
Siberian stone pine (Pinus sibirica Du Tour), and Scots pine (Pinus sylvestris L.), based
on the whole genome data obtained in the “Genomics of the Key Boreal Forest Conifer
Species and their Major Phytopathogens in the Russian Federation” project funded by
the Government of the Russian Federation (grant No. 14.Y26.31.0004).
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Arbuscular mycorrhiza fungi (AM) form one of the most common symbiosis with majority
of land plants. AM fungi supply the plant with various mineral elements, primarily
phosphorus, and improve the water supply. Search of the most symbiotic effective AM
strains and the creation of microbial preparations on their basis is an important task
for modern biology. The identification of AM is very difficult. This is primarily due
to the high genetic AM polymorphism, as well as the difficulties of their cultivation
without a host plant. The morphological identification of AM is often unreliable due to
high number of cryptic species among AM. In recent years increases the number of AM
biodiversity studies performed by modern NGS-based methods, in particular Illumina
MiSeq. Using the Illumina MiSeq eliminates the need for a sequencing of large number
of clones. Currently, there are still many questions in the identification of AM fungi.
The most important of them are the choice of a genetic marker for the barcoding of AM
fungi — conservative or variable sequences, as well as the choice of primers — specific
for AM or universal. Another significant problem for molecular genetic identification of
AM is DNA isolation. In our work, we successfully use universal primers ITS3 and ITS4
for the sequencing in Illumina MiSeq the 5.8STRNA-ITS2 region, which contains both
a conservative and variable regions. The effectiveness of identification of AM isolated
from the roots of a host plant varies around 50 percent. When DNA is isolated from a
spore, efficiency droped to 10 percent.

Acknowledgements: This work was supported by RFBR grant No. 18-016-00220 and
RFBR grant No. 19-29-05275.
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Kukoeva T.V.'*, Generalova G.V.!, Strygina K.V.2, Grigoriev Yu.N.!,

Glagoleva A.Yu.!, Yakovlev M.A 2, Khlestkina E.K."3, Shoeva O.Yu.!

! nstitute of Cytology and Genetics, SB RAS, Novosibirsk, Russia

2 Novosibirsk State Agrarian University, Novosibirsk, Russia

3N.IL Vavilov All-Russian Institute of Plant Genetic Resources (VIR), St. Petersburg, Russia
* e-mail: kukoeva@bionet.nsc.ru

Barley (Hordeum vulgare L.) is an agronomically important crop. In the structure of
world grain production, it ranks fourth after corn, wheat and rice. Barley grain contains a
lot of fiber and little starch, which makes this culture a promising dietary food. To increase
the nutritional value of grain crops, there is a steady world trend of saturation of grain
with biologically active compounds anthocyanins. In barley, these compounds can be
accumulated in pericarp (where their biosynthesis is controlled by the complementarily
genes Antl and Ant2), in the aleurone layer (HvMyc?2), or in two tissues simultaneously,
giving the grain a purple, blue and dark purple color, respectively. However, to date, barley
varieties with colored grain have not been created and are not cultivated in our country.
The purpose of this work was a marker-assisted breeding of new barley genotypes,
accumulating anthocyanins in aleurone layer and pericarp based on cultivated Siberian
varieties. The varieties Vorsinsky 2, Aley and Tanay were chosen as maternal forms.
The near-isogenic lines of cultivar Bowman “Intence blue aleurone” and “Purple lemma
and pericarp” (obtained from the Nordic Gene Bank), which are donors of the HvMyc2
and Antl/Ant2 genes, respectively, were chosen as paternal forms. The F, hybrids were
self-pollinated to get F, plants. Among F, offsprings, homozygous plants with blue and
purple grain color were selected using diagnostic PCR markers (AFLP, CAPS and STS)
for the HvMyc2 and Antl/Ant2 genes. These plants were sown in the field, where they
were backcrossed with the original Siberian varieties. During the year, 350 BC,F, plants
(backcross of the first generation) were obtained, which will be subjected to a further
5-6 fold backcrossing and a marker-selection selection of homozygous plants.
Acknowledgements: The study was partially supported by the RFBR No. 19-016-00140
and ICG project No. 0324-2019-0039.
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conditions
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The discrepancy of cellulose microfibrils during cell expansion is achieved by three
basic mechanisms: hydrolysis of a part of binding glycans with endoglycanases, cutting
and new crosslinking of glycans with xyloglucan endo-transglycosylases/hydrolases
(XTHs), and the violation of hydrogen bonds between the microfibrils of cellulose and
glycan chains, which is carried out by expansins. We have created transgenic tobacco
plants with increased expression of the genes encoding the tobacco expansins: NtEXPAI,
NtEXPAS5 and tomato xyloglucan endo-transglycosylase — tXET-B2. Increased expression
of NtEXPAI and NtEXPAS5 expansin genes led to an increase in the growth rate and
root length both under normal plant growth conditions and at 12 °C and 50 mM NacCl.
Increased expression of expansin genes influenced the changes in the fresh and dry mass
of a shoot, leading to an increase in their exposure to hypothermia. Overexpression of
the tXET-B2 gene promoted tobacco root growth in a medium containing 50 mM NacCl.
Under drought conditions, overexpression of tXE7-B2 gene resulted in a considerable
increase in fresh and dry weight in many of the studied transgenic lines. The totality of
the obtained data may indicate the involvement of NtEXPAI, NtEXPAS5, and tXET-B2
genes in the regulation of growth under hypothermia, drought, and salinity. We will be
used these target genes for the genetic transformation of cultivated plants.
Acknowledgements: This work was supported by Russian Foundation for Basic Research,
grant No. 18-04-00118A.
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Altering climatic conditions and drought stress drastically affects the crop yield in
agriculture. Plants respond and adapt to these abiotic stresses invariably by complex
mechanisms inducing various morphological, biochemical, physiological, and molecular
aspects. Additionally, it is known, that abiotic stresses results in the excessive production
of Reactive Oxygen Species (ROS), leading to oxidative stress. Plants have evolved a
wide range of enzymatic and non-enzymatic mechanisms to scavenge ROS and protect
their cells against oxygen toxicity. However, the role of the antioxidant defense involving
ROS-scavenging enzymes in the tolerance of barley plants to combined drought and
temperature stresses is currently unknown.

The aim of the present work was to determine the importance of the modulation of
the antioxidant system in barley to the combination of drought with high (+40 °C) and
low (+10 °C) temperatures. To achieve this, plants were exposed to combined stresses
for 5 days. Indeed, morphological parameters of the barley plants showed less root
and shoot biomass accumulation and higher chlorophyll degradation compare to their
controls. Further we checked the activity of the CAT and aldehyde oxidases (AOs)
activities, where catalase (CAT) directly converts H,O, into H,O and AO may participate
in stress responses, because it catalyzes the oxidation of abscisic aldehyde to ABA, in the
last step of ABA synthesis.

PlantGen2019 115



DOI 10.18699/PlantGen2019-098
WOX and KNOX transcription factors
in symbiotic nodule development

Lebedeva M.A.*, Azarakhsh M., Dodueva L.E., Lutova L.A.
Department of Genetics and Biotechnology, St. Petersburg State University, St. Petersburg, Russia
* e-mail: mary_osipova@mail.ru

WOX and KNOX transcription factors (TFs) regulate different aspects of plant
development, including meristem formation and maintenance. Their involvement
in diverse developmental programs allows unraveling the evolution of regulatory
mechanism that accompanies the formation of new organs in plant. We studied the role
of WOX and KNOX TFs in symbiotic nodule formation in Medicago truncatula. WOX
TFs are known as key regulators of plant meristems working together with CLV 1-like
receptor and CLE peptides. We have analyzed their role in nodulation and found that
WOX5 gene is involved in nodule development. Moreover, using sunn supernodulating
mutant we found that WOX5 expression is dependent on CLV 1-like kinase SUNN that
regulates nodule number in M. truncatula. The role of other members of WOX family in
nodulation has been studied as well.

Together with WOX family, KNOX TFs regulate diverse developmental programs in
plants. Specifically, in the shoot apical meristem KNOX TFs activate the expression
of isopentenyl transferase (IPT) genes involved in cytokinin biosynthesis. We found
that nodule development is regulated by a member of KNOX TF family KNOX3. We
found that in developing nodules KNOX3 activates the expression of genes involved in
cytokinin biosynthesis, in particular, genes of /PT and LOG families, by direct binding
to their regulatory sequences.

To summarize, studying the role of WOX and KNOX TFs in nodule development
suggests that different developmental programs in plants are regulated by common
regulatory modules involved WOX-CLYV system and KNOX TFs with their target genes.
Acknowledgements: This work was supported by Russian Scientific Foundation project
No. 16-16-10011 and RFBR grant No. 17-04-01708.
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Seed dormancy is a condition that has not germinated during a specific period, even
in environmental conditions that are prone to sprouting. These phenomena vary in
proportion to the dry storage (after ripening) of the seeds and are genetically controlled
by the genotypes of both the mother plant and embryo. The dormancy imposed by the
coat is enhanced by the tissue that covers the seed, ie, glue and pale (or crust), pericarp
and testis, and optionally endosperm (Bewley et al., 2013). Embryonic dormancy of
the endosperm is finely controlled during development (Sugimoto et al., 2010). In
cultivated rice, seed dormancy is commonly removed with dry after-ripening to achieve
rapid and uniform germination on seed sowing. In this report, Pre-harvest sprouting is
a phenomenon that seeds germinate while still attached onto the maternal plants in the
condition of cloudy and rainy weather, and is also a restrictive factor of rice production
and seed propagation. The phenotype of rice pre-harvest sprouting is very similar to
that of maize seed-specific vpl mutant. VP1 gene is essential for seeds maturation and
dormancy, and is also a key transcription factor of ABA signal transduction pathway.
Thus, it is of great significance to effectively control the occurrence and hazard of rice
pre-harvest sprouting. The aim of the current investigation is to dissect the biological
function of homologous gene OsVP1by using CRISPR/Cas9 system in rice. Germination
experiment showed that the percentage of germinated seeds from T1 knockout lines was
higher than that of wild-type plants. Under the different concentrations of abscisic acid
(ABA) treatment, the inhibition of germination ratio of osvpl gene knockout seeds was
not significantly different when comparing with wild-type plants. Therefore knockout
lines of OsVP1 gene using CRISPR/Cas9 system can increase germination velocity of
seeds and also lead to pre-harvest sprouting.

Acknowledgements: This work was supported by a grant from the Next-Generation
BioGreen 21 Program (PJ01368902), RDA, Republic of Korea.
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Bacterial leaf blight (BLB), caused by X. oryzae pv. oryzae (Xoo0), is one of the most
destructive diseases of rice due to its high epidemic potential. Understanding BLB
resistance at a genetic level is important to further improve the rice breeding that
provides one of the best approaches to control BLB disease. In the present investigation,
a collection of 192 accessions was used in the genome-wide association study (GWAS)
for BLB resistance loci against four Korean races of Xoo that were represented by the
prevailing BLB isolates under Xoo differential system. A total of 192 accessions of rice
germplasm were selected on the basis of the bioassay using four isolated races of Xoo
such as K1 and K2. The selected accessions was used to prepare 384-plex genotyping
by sequencing (GBS) libraries and Illumina HiSeq 2000 paired-end read was used for
GBS sequencing. GWAS was conducted using TASSEL 5.0. The TASSEL program
uses a mixed linear model (MLM). The results of the bioassay using a selected set of
192 accessions showed that a large number of accessions (93.75 %) were resistant to K1
race and K2 resistant germplasm proportion remained between 66.67. The genotypic
data produced SNP matrix for a total of 293,379 SNPs. After imputation the missing
data was removed, which exhibited 34,724 SNPs for association analysis. GWAS results
showed strong signals of association at a threshold of [-log10(P-value)] more than 5 (K1
and K2) for nine of the 39 SNPs, which are plausible candidate loci of resistance genes.
These SNP loci were positioned on rice chromosome 2, 9, and 11 for K1 and K2 races.
The significant loci detected have also been illustrated and make the CPAS markers for
NBS-LRR type disease resistance protein, SNARE domain containing protein, Histone
deacetylase 19, NADP-dependent oxidoreductase, and other expressed and unknown
proteins. Our results provide a better understanding of the distribution of genetic variation
of BLB resistance to Korean pathogen races and breeding of resistant rice.
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Setaria italica (L.) P. Beauv. is one of the most widely cultivated species of millet in
the Korea and have considerable attention due to its nutritional quality related to high
content of dietary fiber, protein, starch patterns and high level of minerals. This research
was aimed to study variation of polyphenols compound in foxtail millet germplasm
and combined it with basic agronomic traits and molecular markers to establish a core
collection. Total phenolic content ranged from 11 to 87 mg gallic acid equiv (GAE)/100g
and antioxidant activity was showed from 3.3 50 51 % by DPPH scavenging activity.
Here we assessed the genetic diversity and population structure in a large germplasm
collection of 785 accessions by employing EST-SSR markers, morphological traits he
phenolic content and antioxidant activity. The germplasm collection was separated into
three groups based on population structure analysis, whereas principal coordinate analysis
(PCoA) could not cluster accessions according to their geographic origin. Subsequently,
a core collection with a total of 170 accessions (21.66 %) was selected from the whole
set of germplasm by combining allelic variations of 22 EST-SSR markers and their traits.
The core collection optimally represented the whole germplasm collection and displayed
a similar level of genetic diversity, population structure, and phenotypic variations based
on various genetic analyses such as Shannon-Weaver and Nei’s diversity indices and
PCoA, while phenotypic traits were analyzed by mean, range, and principal component
analysis. This core collection of foxtail millet will be a primary resource for further
genetic analysis and development of appropriate.
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Powdery mildew, caused by the fungal pathogen Blumeria graminis f. sp. tritici (Bgt),
is one of the economically important disease of common wheat 7. aestivum L. One
of the most effective and environmentally important ways of wheat protection against
Bgt is cultivation of the varieties with genetic resistance. The aim of this work was to
study the genetic diversity of collection of common wheat varieties and breeding line on
resistance to Bgt. Wheat panel consists of 100 Russian wheat cultivars and 60 breeding
lines containing introgressions from Triticeae tribe species. The results of the evaluation
of the resistance level of wheat cultivars showed that no more than 10 % of the varieties
have low level of susceptibility to the population of Bgt, specific to the Western Siberian
region. Among introgression lines, more than 30 % showed a moderate to highly resistant
infection types. Association mapping, performed on the basis of SNP genotyping and
phytopathological evaluation during three environmental seasons identified ten loci in
chromosomes 1AL, 1DS,2AL, 2BL, SAS, 5DS, 6AL, 6DL, 7AL, and 7BL. A high impact
to the phenotypic manifestation of the trait was established for genetic factors localized
in chromosomes 5AS, 6AL and 6DL. In the long arm of chromosome 6D, two loci were
mapped which provide effective protection from powdery mildew pathogen. One of
them was introduced from the wheatgrass Th. intermedium, another — from tetraploid
wheat T timopheevii. Based on comparative analysis of the chromosomal localization of
the known Pm resistance genes and loci mapped in this work, an assumption was made
that the QTLs on chromosomes 1DS, 2BL, 5AS, 6DL are new, not previously described
resistance loci. The obtained results can be used in breeding programs for selection of
target loci and for development of molecular markers specific for Bgt resistance loci.
Acknowledgements: GWAS of wheat cultivars was supported by the Russian Science
Foundation (project No. 16-16-00011-P); association mapping of QTLs in introgression
lines was supported by Russian Foundation for Basic Research (project No. 18-516-
00001).
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The development of new forms of common wheat using conventional breeding takes a
long period and does not allow to utilize the genetic potential of sources of agronomically
important traits. The paper presents the results of the use of biotechnological approaches
for screening of wheat varieties on the genetic loci determining valuable traits. To
identify QTLs responsible for resistance to fungal pathogens and for yield components,
two methodological approaches were used: genome-wide association study (GWAS) and
marker-assisted selection. QTL identification was done with help of collection of wheat
varieties and mapping populations obtained from hybridization of wheat was cultivars
from different groups of ripeness. Loci associated with resistance to fungal diseases
were found on chromosomes 5A, 6D, 1D, and 1B. The results of GWAS was confirmed
by screening a collection of wheat varieties using STS and SSR markers recommended
for marker-assisted selection. Association mapping based on the results of long-term
evaluations of wheat varieties on productivity traits revealed 34 loci. For the trait “ear
grain number” most SNP are located in the 6th homoeologous group. Loci in chromosome
6A have a positive effect on the trait, whereas QTLs in chromosomes 6B and 6D are
negative. Ten significant SNP were found for “ear grain weight”. Chromosome 5B has
two loci with positive and negative effects. For “1000 grain weight”, 14 informative
markers were identified in chromosomes 2D, 3A, 4A, 5A, 5B, and 1B. Genetic mapping
of the loci for the “ear grain number” and “ear grain weight” was carried out based on
the results of trait evaluation in F3 mapping populations. Loci, associated with “ear
grain number” were identified in chromosomes 2D, 4A, S5A, 5D and 7B, with “ear grain
weight” — in chromosomes 2D, 3A, 6D and 7A. The obtained results will be used for
development of KASP markers associated with yield traits.

Acknowledgements: The research was carried out with the financial support of Russian
Science Foundation (grant No. 16-16-00011-P).
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Polyphenol oxidase (PPO) is an enzyme of the class of oxidoreductases. PPO plays
an important role in response to abiotic stress and wounding. The enzyme catalase the
enzymatic browning reaction in damaged plant tissues by oxidizing o-diphenols to
highly reactive o-quinones. However, its functions in intact tissues have been not well
understood. The aim of the current study is to characterize the polyphenol oxidase gene
family and to establish their role in formation of the black pigmentation of barley grain.
The uncolored cultivar Bowman and its near-isogenic line with black grain i:BwBIp were
chosen. Based on the known barley Ppo genes sequences mapped on chromosome 2H
(Ppol, Ppo2), we identified two more copies: Ppo3 and Ppo4 localized on chromosomes
3H and 4H, respectively. All copies contain a conservative tyrosinase domain and have
an intact tertiary protein structure. Nevertheless, the exon-intron structure of each copy
differs as well as their promoter structure. Using the PLACE cis-regulatory elements
database, we predicted light-, cold- and drought-responding elements, MYB- and MY C-
recognizing elements as well as elements involved in abscisic acid-mediated abiotic
stress response (ABRE). We found DRE elements only in the promoters of the Ppo2 and
Ppo4 genes and the cold-responding elements only in the Ppo2 promoter. We analyzed
the Ppo gene expression in intact tissues of near-isogenic lines (coleoptile, root, leaf,
stem, pericarp and hulls) and in roots and coleoptile of plants exposed to salt stress.
We showed that all the Ppo genes in barley have different patterns of expression, while
expression of the Ppo?2 gene increases in the pericarp and hulls of the i:BwBIp line as the
black pigment appears. The Ppo4 gene is not transcriptionally active in any of the intact
tissues of both lines.

Acknowledgements: The study was supported by the Russian Science Foundation
(No. 16-14-00086).
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The capability to photosynthesis is one of the most prominent characteristics of plants.
However, several species have lost this ability and have adapted to obtain energy from
organic compounds derived from other organisms: either from other plants (parasitism)
or from fungi (mycoheterotrophy). Heterotrophy is not confined to any specific lineage of
plants; it has occurred repeatedly in the course of evolution. The switch to heterotrophy
leads to profound changes at the phenotypic level (reduction of leaves, loss of green
colour, reduction of the vegetation period) that are highly parallel in different lineages.
Heterotrophic plants are difficult to cultivate in experimental conditions; this hampers
classic genetic and physiological studies. Advances in DNA sequencing technologies
permit the application of a genomic approach for elucidation the genetic changes
associated with heterotrophy. [ will summarize recent discoveries on the genomics of non-
photosynthetic plants, with focus on the following aspects: 1) structure and evolution of
organellar genomes, 2) loss and expansion of specific gene families, 3) horizontal gene
transfer, 4) mycoheterotrophy and parasitism — differences and similarities at genomic
level.
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In wheat-rye hybrids there is no homologous chromosome pairing. In this regard,
hybrids can be used as a model to study disorders of meiotic prophase 1. The goal of the
present study was to understand the structural and functional organization of prophase I
nuclei in amphihaploids with different genetic background (Silkova and Loginova,
2016). Combination of immunostaining with antibodies against ASY1, CENH3, and
ZYP1 with confocal and high-resolution microscopy (3D-SIM) enable to understand
the centromeres and synaptonemal complex (SC) dynamics and organization. CENH3
signals differed in number, size and shape during prophase I propagation. Differences
between bivalent and univalent centromere organization were seen more clearly at
pachytene stage when we used 3D-SIM. The dynamic of SC component loading mostly
were studied with confocal microscopy, but structure organization at some cases we
analyzed with 3D-SIM. SC dynamics at diplotene until diakinesis in wheat is similar
to the SC dynamics described for rye, but differs from that of rye during pachytene. In
the wheat-rye hybrids, despite the lack of homologues, the loading of ZYP1 occurred.
Multiple long extended (linear) signals of ZYP1 appeared at zygotene. Disappearance
of anti-ASY1 after full loading of ZYP1 at zygotene and pachytene was observed. As a
result, at diakinesis almost all chromosomes are univalent, which indicates desynapsis
and the normal functioning of Ph-locus.

Acknowledgements: This work was supported by RFBR 17-04-01014 and COST STSM -
CA16212-41305.
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Improving the quality of winter wheat grain is one of the priority areas of selection,
whose efficiency is largely determined by source material. Evaluation of the quality of
wheat grain may be different, depending on the field of its use. Grain quality is a set
of technological and biochemical, baking and food properties, which determines the
economic value of the variety. From the breeder’s viewpoint, grain quality consists of
many components which best correspond to the genetic basis of the varietal material
which the breeding work is carried out with. Quality features, which are quantitative
in nature, are very strongly influenced by environmental conditions. As a result of
modifications, there may be situations when individuals with identical (by this or that
sign) genotypes will be completely dissimilar relative to its phenotypic manifestation.
When choosing the raw material for selection, one needs to take into account not only the
genotypic potential of grain yield and quality, but also the degree of their preservation
in adverse environmental conditions, the frequency of high-quality grain formation,
and the reaction to changes in conditions during the formation and loading of grains.
It is believed that in the arid conditions of the Volga region, the main limiting factor in
the formation of high-quality grain is the amount of precipitation during the growing
season of wheat and the uniformity of their distribution. More than 20 indicators of
winter wheat quality are evaluated annually. With an ever-increasing amount of work
on studying wheat quality in the selection process, the expression of many indicators
through a smaller number is very important. Our study of the quantitative expression
of the rheological properties of the dough on a Mixolab device makes it possible to
study both the protein-proteinase complex and the carbohydrate-amylase one in one
sample during one experiment. The data obtained indicate sufficient information content
for selection (varietal diversity manifestation) of such indicators as water absorption
capacity (WAC); the energy absorbed by dough during kneading (RA), dough stability,
dough dilution (C2), and starch retrogradation index (C5). Dough formation time is
the least informative. In 100 % of cases, genotype-environmental interactions by this
indicator were observed. The variation limits of the meal whiteness index was 5.9—
14.6 units for the red wheat group and 14.3-28.1 for the white wheat group. The variation
limits of the falling number in the white wheat group were 92428 s; the average value of
this index was 248 s. The variation limits of the falling number for the red wheat group
were 290382 s; the average value of this index was 341 s. No relationship between the
falling number and the meal whiteness index was proven: the correlation coefficient was
0.3482 only.
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Oats — one of the main cultivated crops in the Tyumen region. Due to the active breeding
work, currently in the region grow oats varieties only local selection. An important
condition for increasing yields and crop resistance to adverse factors is the preservation
of the high genetic diversity of the species. To evaluate this indicator, alleles of prolamin-
coding loci are very convenient. We analyzed the electrophoretic spectra of prolamins
of 18 varieties of oats, included in the State Register of breeding achievements in the
Tyumen region from the 1930s to the present. The alleles of avenin-coding loci (ACL)
AvnA, AvnB, AvnC are identified. In total, 12 alleles were identified at the AvnA locus,
10 at the AvnB locus, and 8 at the AvnC locus. Among the studied varieties, 11 were
homogeneous in component composition of avenin. The remaining varieties had two
biotypes. On the basis of data on the frequency of occurrence the alleles of ACL, the
average gene diversity (H) was calculated. In order to evaluate the genetic diversity
of varieties in different periods of time, all the studied samples were combined into
groups. One group included varieties cultivated in the same ten-year period. It was
established that the minimum values of genetic diversity (0.33) were characteristic of
varieties cultivated in 1930-1950. With the advent of new varieties, including domestic
breeding, the H value increased and reached its maximum (0.78) in 1970-1980. By 2000,
this figure fell to 0.70, which is associated with the processes of variety changing and
substitution of foreign varieties with local breeding varieties. As a result, the frequency
of occurrence the alleles of ACL characteristic of these varieties has changed. To date,
the genetic diversity of oat varieties cultivated in the region is 0.75. The high value of H
of oats indicates a well-conducted breeding work with this crop in the Tyumen region.
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Inorderto achieve abalanced expression of the original species genomes and enhancement
of the rye genomes expression in triticale, we carried out research on the creation of a
new type of triticale with rye-type cytoplasm — hexaploid secalotriticum (RRAABB,
2n = 42), by hybridization of tetraploid rye (RRRR, 2n = 28) with hexaploid triticale
(AABBRR, 21 = 42) and a single backcross of rye-triticale F, hybrids (pentaploids)
on the initial triticale. Restriction analysis of species-specific DNA sequences of
chloroplasts (ndhH locus) and mitochondria (85/5S-repeat) showed that for rye-type
cytoplasm (S-cytotype) the absence of restriction was detected by the Mspl endonuclease
recognition site (fragment of 750 bp) and the presence of restriction by the recognition
site of the endonuclease Sall (restriction fragments of about 250 bp in length); for wheat
(T-cytotype) — restriction with the Mspl endonuclease (restriction fragments 500 and
250 bp long) and the lack of restriction with the Sall endonuclease (500 bp fragment).
It has been established that rye-triticale F hybrids (pentaploids, RRABR, 5x = 35), rye-
wheat amphiploids F|BC, (5—7x = 35-49) and hexaploid amphidiploids of secalotriticum
F,_,5s had a stable inheritance of DNA markers of rye cytoplasmic organelles. However,
in contrast to original rye cultivars, the analysis of restriction results of the mitochondrial
DNA tMet-185/5S region by the Sall endonuclease detected the presence of restriction
fragments for about 250 bp in length, which is characteristic for rye, and a 500-bp non-
restriction fragment. The presence of this fragment may indicate a partial transfer of the
paternal cytoplasm (two-parent inheritance of mitochondria) during the hybridization
of rye with triticale. In support of this, a comparative analysis of sequencing the
mitochondrial DNA locus tMet-185/5S of the secalotriticum lines as well as the initial
rye and triticale cultivars will be carried out.
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The content of yellow pigments in the grain, along with the quantity and quality of
gluten, is one of the important components of grain quality in world markets. According
to experts, this trait determines the general quality level of durum wheat grains by 20 %.
In the process of breedings exists unceasing increase the yellow pigment content in
grain, straight and pasta from durum wheat. In Russia, this direction of breeding has
been developing most intensively since the creation of the Saratovskaya zolotistaya
cultivar. Obviously, the accumulation of transgressions is associated with changes in the
composition and activity of the system of genes of complex and multistage biosynthesis
pigment content and oxidative enzymes. In process of the breedings for this trait based
on the genetic system of Saratovskaya zolotistaya in Agricultural scientific institute of
Samararegion are received transgressions, exceeding level of the initial cultivarson 12.5 %
(Pamayati Chehovicha), 14.2 % (Bezenchukskaya krepost), 20.6 % (1429d-10), 28.4 %
(Bezenchukskaya zolotistaya). Some commercial cultivars (Bezenchukskaya steppe,
Bezenchukskaya 210, Bezenchukskaya 205, Bezenchukskaya niva, Elizavetinskaya)
has contents of the yellow pigment at a rate of Saratovskaya zolotistaya. The cultivar
Bezenchukskaya zolotistaya in the conditions of the Middle Volga region is the absolute
record among the studied genotypes of Russian and foreign breeding (Australia, Austria,
Germany, Italy, Kazakhstan, Canada, USA, CIMMYT). The Accumulation of the
pigment in grain of this cultivar reaches 9 mg/kg. In the process of studying cultivars
and breeding lines, genotypes were identified that exceed the Saratovskaya zolotistaya
in value trait: Gordeiforme 677, Gordeiforme 878, Gordeiforme 879 (Altai Agricultural
scientific institute), 2012d-6, 1981d-12 (Samara Agricultural scientific institute),
Duroflaus (Austria), Hyperno, Tjikuri (Australia). The Coefficient heritabilty trait in
broad sense of the word (H?) has amounted to 0.52, genotype — environment interactions
were of low. The Defining influence genotype in variation of the trat suggests high
efficiency to breedings on base of the genetic systems studied cultivars.
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Polyembryony is suggested as an important feature due to producing more plants per
unit area by using the same number of seeds. However, yet little is known about this
reproductive phenomenon to increase its frequency up to 100 percent for involving
in the breeding process. In our work the constant polyembryonic line #908 (2n = 42)
was spontaneously derived from the crosses of triticale (genome AABBRR (7. durum/
Ae. squarrosa//Secale cereale ssp. segetale), 2n = 42)) with common wheat 7. aestivum
var. velutinum (genome AABBDD, 2n =42). Correlated positively with the spike fertility
the polyembryonic seed frequency of this line is varying from 0.26 % to 11.98 % per
plant. The highest frequency distribution of polyembryonic seeds was observed in central
spikelets and basal (closest to the rachis) florets of spike, i.e. in the positions favoring
seed formation. Polyembryonic seedlings morphologically can be divided into following
types: i) with common coleoptile; ii) with half or completely conjoined coleoptiles,
and iii) with splitted coleoptiles. With low frequency the conjoining was observed
also for leaves and roots either in mono- and polyembryonic seedlings of this line. The
highest frequency of appearance is for twin plants with splitted coleoptiles, followed
by triple, quadruple, quintuple and sextuple. Seeds with more than double seedlings
can combine its splitted with common or conjoined coleoptile(s). Seedlings from the
same polyembryonic seed can develop either equally or unequally determining a wide
variation of plant height and spike fertility traits. The trait exhibits a recessive mode
of inheritance in the crosses with other poly- and non-polyembryonic lines. Compared
with the monoembryoid the polyembryoid seeds were more sensitive to high doses of
gamma radiation. GISH analysis showed that line #908 has 14 rye chromosomes, i.e. it
is hexaploid triticale. It can be assumed that the increased polyembryony frequency is
associated with a specific combination of the genes of the A- and B-genomes of 7. durum
and 7. aestivum resulting from crosses.
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Rice is the staple food of more than half the world’s population. However, rice is one of
the products that are severely damaged by pests. In order to stand against this damaged,
genetic engineering is considered as one of the best ways by adding new genes inside
the grain named genetically modified (GM) foods. It is important to find any additional
genes in tissues after consumption of GM foods. Therefore, in this study, the remaining
of crylA(b) gene and P35 were assessed in the liver of Sprague Dawley rats fed with
GM rice. Overall, 20 male and 20 female SD rats were fed by pellets made by GM rice
in 50 % of needed carbohydrate for 90 days. Then, sampling was done from liver. DNA
extraction was done based on the protocol. The quality and quantity of the extracted DNA
was done by agarose gel electrophoresis and spectrophotometery, respectively. Detection
of GM genes residues, including CrylA(b), P35, and T35 was done by Polymerase
Chain Reaction using specific primer pairs. The results were analyzed by agarose gel
electrophoresis alongside with 50 bp DNA ladder. The results were compared with the
ones in control groups with feeding by standard pellet. All tests were done in triplicates.
Analysis of the amplification of P35, CrylA(b) and T35 showed no residues inside the
liver tissue. The results showed no significant difference in the presence of transgenic
gene in the liver tissue between the control and experiment groups. Therefore, this study
rejects the possibility of gene settle of GM rice gene residues in liver tissue.
Acknowledgements: The authors are grateful from Research Center for Food Hygiene
and Safety.
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Iris scariosa and I. pumila are two rare species of iris found in the steppes of the
Southern Urals. Both of them are included in the Red Data Book of the Russian
Federation. 1. pumila is an ancestor of many modern cultivars, and /. scariosa is known
for its drought and salt tolerance and can also be used in breeding. The Republic of
Bashkortostan and Orenburg oblast are situated on the eastern border of /. pumila habitat
and western border of /. scariosa habitat, so Southern Urals is the area where these
two species coexist. Therefore, it is important to study these unique populations, their
morphological and genetic diversity and possibilities of hybridization. We studied DNA
samples from 29 populations of iris discovered in Southern Urals using different RAPD
and ISSR primers. We observed not only phenotypical, but also genetic interspecific and
interpopulation variability. Moreover, several samples distinguished as /. scariosa on the
basis of external features, genetically showed higher similarity to 1. pumila and might
be hybrids.

Acknowledgements: This work was supported by the RFBR grant mol_a 18-34-00022.
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The great number of biotic and abiotic factors affect plant under natural growing
conditions growth. DNA sequence does not carry the complete information necessary
to determine the phenotype of the organism. DNA methylation controls genomic
integration, regulates genome expression and cell differentiation, as well as plant
response to biotic and abiotic stresses. Epigenetic regulation involves various reversible
chemical modifications occurring on both the DNA itself and the proteins interacting
with it, which as a result affects the chromatin structure and function, without, however,
altering the sequence of nucleic residues in the DNA.

We have previously shown on wheat seedlings 77 aestivum (v. Nairi) the importance
of the role of DNA methylation in the formation of a response to abiotic stress, as
well as the transformation of these changes into the next generation. The results of our
research have proved once again that DNA methylation is a sensitive biomarker for the
environmental impact of environmental factors. However, in order to understand the role
of epigenetic changes in the adaptation and evolution of plants, require further studies of
DNA methylation on the model-based 77 aestivum, A. thaliana, O. sativa, Z. mays, and
on non-model plants.

Now special importance is attached to the study of the population of pasture plants, since
environmental pollution through animal food can be transmitted to human. Due to these
circumstances, it is imperative to regularly monitor pasture plants, both for relocating
animals to more environmentally friendly meadows, and environmental protection
measures aimed at improving damaged pastures. Among pasture plants Bromus inermis,
Medicago sativa, Onobrychis arenaria, Agropyron pectinoforme, etc. are widely
distributed. Currently we have studied the DNA methylation of esparcet — Onobrichis
arenaria and Agropyron pectinoforme. The obtained data on epigenetic changes on the
studied plants will improve the methods of pasture monitoring, taking into account the
ecological, climatic conditions of the regions and the agricultural sector of the countries’
economies.
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The Triticum aestivum—Pyrenophora tritici-repentis pathosystem is well studied in
durum and common wheat. The purpose of our study is to assess the distribution of the
sensitivity genes Tsn/ (5BL) and 75¢2 (2BL) in species of the genus Triticum L. from the
VIR collection and the response of wheat accessions containing these genes to infection
by isolates with complementary genes effectors 7ox4 and ToxB. All 72 accessions of
16 wheat species were evaluated for resistance to two isolates ToxA* originating from
Kazakhstan and Russia, and one ToxB* from Greece. Using gene-specific primers,
Tsnl and Tsc2 were not detected in the diploid species 7. urartu, T. boeoticum, and
T. monococcum. In the wild tetraploid wheats 7. dicoccoides and T. araraticum and
six cultivated tetraploid species, the 75¢2 gene and the polymorphism of the 7sn/ were
detected. In the 7" timopheevii, only the Tsc2 gene was identified. Polymorphism for both
genes was observed in all hexaploid species (genome BBAADD). The manifestation of
necrosis and/or chlorosis on wheat leaves is observed when the plant and the pathogen
have both of the dominant genes 7sn/ToxA and/or Tsc2/ToxB, respectively. All diploid
wheat species had no susceptibility reactions. The gene-on-gene 75c¢2/ToxB gene
interaction was observed in accessions of 7. aethiopicum and T. turgidum, as well as for
most accessions of hexaploid species. All accessions of T. dicoccoides and T. dicoccum,
despite the presence of the 75c2 gene, were resistant to the ToxB* isolate. The reasons
for this resistance are being studied. When evaluating the interaction of the 7sn1/ToxA,
11 accessions of different tetra- and hexaploid species of wheat aroused particular interest.
The 7snl was not detected in these accessions, but a strong necrosis was observed when
infected with ToxA™* isolate, which is possibly due to the presence of other unknown
susceptibility and effector genes.

Acknowledgements: This study was partially supported by the RFBR grant 18-04-00128a.
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The application of innovative research tools for the targeted genome modification open
new opportunities for understanding wheat genomics and developing improved cultivars.
At the same time, the application of various modern technologies such as tissue and
time-specific gene expression, RNAi-based gene silencing, chloroplast transformation,
T-DNA insertion mutagenesis, and genome editing is available only for the restricted
number of wheat genotypes. Most of the actual procedures involve the introduction of
foreign DNA/RNA/RNP complexes into plant tissue and then regenerating the plants
containing the modified genome. The focus of the present work is genetic sequences
transfer methods for efficient production of fertile genetically modified plants of di-,
tetra- and hexaploid wheat germplasm. We present a routine procedure for a transfer
of heterologous sequences by biolistic delivery method. Hundreds of independent
transgenic plants, including einkorn, emmer wheat, timopheevii wheat, and bread wheat
have been already producing using the optimized parameters. Various details concerning
the in vitro tissue culture productivity, DNA delivery in the target tissue, an appropriate
method to select the transformed plants, genetic transformation efficiency, and stability
of transgene expression will be discussed. We also will speculate future trends in genetic
engineering as a tool for targeted genome editing to manipulate of wheat genome in
order to increase yield and enhance stress tolerance.
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Yeast bread-baking is possible due to the gluten, which creates a three-dimensional
frame that holds gas bubbles inside the raw dough. The grade of grain and its use for
technological purposes are determined according to the amount of gluten in the grain
and parameters of dough elasticity and extensibility. Since the amount of gluten closely
correlates with the amount of protein in the grain, the percentage of gluten determines the
nutritional value of bakery products. In our work, we studied the collection of cultivars
of domestic selection for the raw gluten content in grain (RGCG). A correlation analysis
was carried out between the alleles of 24 microsatellite (Xgwm) markers located on
different chromosomes and RGCG percentage. One of the highest values of the RGCG
was associated with the Xgwm?261 marker allele with a length of 185 base pairs. The
marker is located on chromosome 2 of the D-genome of wheat, in the short arm. To verify
the role of this chromosome region in the formation of a high RGCG, a chromosome with
the above-mentioned allele was introduced into the well-studied cultivar Saratovskaya 29
(S29) by backcrossing to the monosomic line for 2D chromosome. The donors of the
allele associated with a high content of gluten were the old cultivars Sibirka 1818
and Cesium 111 bred in Siberia. By this way the single chromosome inter-varietal
substitution lines S29 (Sibirka 1818 2D) and S29 (Cesium 111 2D) were obtained. The
interim control of the gluten content during the backcrosses showed that the lines exceed
the recipient cultivar for this trait.

Acknowledgements: This study was funded by the budjet ICG project No. 0324-2019-
0039.
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The growing season duration for potato plants is one of the key criteria for their
regionalization in a certain climate zone. For the Siberian region, characterized by a short
summer season, early-maturing varieties are most preferred. However, the increase of
saline areas sets priority on salt tolerance varieties. Salinization is negatively affects the
implementation of many physiological processes in plants, largely due to the generation
of reactive oxygen species and the development of oxidative stress, which leads to
disruption of the photosynthetic apparatus, a decrease in the intensity of photosynthesis
and, as a consequence, a decrease in the productivity of plants; induction of aging or
premature death of the plant. In response to the oxidative stress progress and metabolic
disturbances, the plant responds by activating the cellular antioxidant system, which
includes antioxidant enzymes (catalases, peroxidases, superoxide dismutases, etc.) and
low-molecular-weight organic compounds with antioxidant properties (proline, phenolic
compounds, carotenoids). The gene expression of antioxidant system will compare the
functioning of the protective system for two varieties (early and mid-season) the plant
Solanum tuberosum in response to chloride salinity. We estimated the effect of salinity on
growth (length of axial organs, area of assimilating surface) and physiological (osmotic
potential of cell exudate, lipid peroxidation degree, content of photosynthetic pigments,
flavonoids, proline, activity of antioxidant enzymes) for early and mid-season varieties
Solanum tuberosum (Zhukovsky early and Lugovskoy). The gene expression levels of
enzymatic (APX1, APX3) and non-enzymatic (P5SCS1, PSCR, PDH) plant protection
were detected by real time PCR. For the first time, the causes of potato plant resistance
to NaCl action for analyzed varieties were identified and a detailed comparison of the
functioning of the protective systems of potato plants depending on the maturation
period was made.

Acknowledgements: This study was supported by the Russian Science Foundation.
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The Triticum dicoccum lineage includes domesticated hulled tetraploid wheat of
T. dicoccum and hexaploid wheat species of 7. spelta, T. macha and T. vavilovii, which
were derived from hybridisation events between the 7. dicoccum and free-threshing
hexaploid wheat of 7. aestivum. The dominant VERNALIZATION-A1 alleles determine
spring growth habit (without vernalization requirement) and early flowering of wheat.
The Vrn-A1b.2 allele is frequent in tetraploid wheat of 7. dicoccoides and T. dicoccum
as well as in hexaploid wheat of T. spelta. In T. spelta this allele as well as Vin-Blc
are major determinants of the spring phenotype, while 7. macha and T. vavilivii, as a
rule, are characterized the strong vernalization requirement (winter type) and carry the
recessive VRN1 genes. The VRN -ratio test, based on end-point gPCR was optimized to
estimate the copy number variation (CNV) of VRNI in wheat. Applied to the analysed
accessions this test showed a two-fold increase in signal for the VRN-AI fragments
in two accessions of 7. dicoccum from Israel and Palestine carrying vrn-A1b.3 and
numerous accessions of 7. spelta from Europe carrying Vrn-A1b.2 and vin-A1b.3. This
difference in amplification of the VRN-A1 fragments was preserved at different level of
the genomic DNA fragmentation, excluding the genomic environment effect, and was
confirmed during TagMan real-time PCR assay with the different endo- and exogenous
controls. Duplication of Vrn-A1b.2 in accessions of 7. spelta was strongly associated
with the Vin-A41b.2/Vin-Blc genotype and awned spikes, indicating the bottleneck and
founder effects. It is known that gene dosage of the dominant VRNI alleles positively
correlates with early flowering of polyploid wheat. On the other hand, multiplication of
the recessive vrn-A1 is associated with the later flowering. In any case the effect of the
Vrn-A1b.2 duplication on phenotype provides additional advantages in manipulation of
the flowering time of wheat.

Acknowledgements: This study was supported by the Russian Science Foundation. This
research was funded by the Russian Scientific Foundation grant No. 18-74-00080.
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Ae. neglecta [syn. triaristata Willd.; (2n=4x =28, genome UUMM)] is an important gene
source for favourite alleles and genes introducing via intergeneric hybridization in wheat
improvement. The common wheat line 171ACS {Aegilotriticale [(7. durum Desf.
X Ae. tauschii Coss.)x Secale cereale L. ssp. segetale Zhuk.]x T. aestivum L. ‘Chinese
Spring’} crossed resiprocally with 3 genotypes of Ae. neglecta originated and collected
from different populations of Azerbaijan. 1 genotype of Aegilops collected from
Siyazan (#1), 2 [black (#2) and white (#3) accessions] collected from Girdimanchay. Field
works were carried out at the Absheron Research Station of Genetic Resources Institute
of ANAS. No embryo rescue or hormone treatment was applied for the production of
F, seeds. Seed setting and germination ability were different depend on the genotypes.
The highest seed setting observed in combination 171ACSx #3 (51.72 %). The second
place taked by common wheat hybrid with #2 (23.58 %). It is followed by 171ACSx #1
that demonstrated 20.00 % seed-production rate. The lowest seed setting observed
reciprocal hybrids of last combination (15.62 %). They gave 27, 19, 7 and 1 seedlings,
respectively, that were transplanted into the experimental field for further investigations.
Morphologically, F, hybrids between bread wheat and #1 resembled goatgrass, but others
remain common wheat plant. However, phenotype of their resiprocal hybrids doesn’t
differ from each other. Pollen mother cells (PMCs) for studies of meiotic chromosome
behavior were prepared by means of the standard Carnoy fixative and acetocarmine
squash method and observed 35 chromosomes in F; plants, as expected. Significant
differences in chromosome conjugation of reciprocal hybrids had not been observed,
thus, they had approximatedly same amount of bi- and univalents.
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The National BioResource Project (NBRP)-Wheat, the Japanese gene bank of wheat
and its relatives, is aimed to promote wheat sciences by providing high quality genetic
materials. Currently, the NBRP-Wheat stores more than 12,000 wild species, landraces,
and experimental strains of wheat. The main body of collections of wild species and
landraces derived from several expeditions Kyoto University have made to the heart of
wheat cultivation areas. Some of them are hardly available at the collection sites today. In
addition to the primary tasks to maintain the genetic resources, we are surveying genetic
diversity among wheat accessions. We established the core collections representing
3,500 hexaplod (AABBDD), 1,900 tetraploid (AABB and AAGG), and 300 diploid
(AA) wheat accessions conserved ex situ at NBRP-Wheat. The hexaploid core
collection, consisting of 188 accessions of Triticum aestivum, T. spelta, T. compactum,
T. sphaerococcum, T. macha, and T. vavilovii, was intensively genotyped by DArTseq
markers. Overall, the core collection was divided into seven clusters. Non-admixture
accessions in each cluster indicated that the clusters reflect the geographic distribution
of the accessions. We analyzed genetic factors controlling seed morphology in hexaploid
wheat by utilizing the core collection. The analysis indicated that the hexaploid core
collection is a useful genetic tool to dissect complex traits in wheat such as grain
morphology analyzed here. Currently we are developing a nested-association mapping
(NAM) population representing genetic diversity of East Asian wheat accessions.
Twenty four parental accessions, selected form the core collection based on genetic
diversity, were crossed with Norin 61 wheat whose genome is de novo sequenced by the
International Wheat 10+ Genome Project. The most advanced individual of the NAM
population is currently in the F, generation. Our goal is to prepare and release the East
Asian NAM population with more than 3,000 individuals collectively in the F, or more
advanced generations.
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The article presents long-term results of studying under the conditions of risky agriculture
Kulunda steppe the ecological homeostasis of spring soft wheat breeding lines, created
using remote hybridization. The studies were carried out at the breeding and seed sector
of grain and feed crops of the SFNTSA RAS Siberian Research Institute of Feed North-
Kulunda Department. One of the important indicators characterizing the resistance of
plants to adverse environmental factors is homeostasis — a universal property in the
system of the relationship between the genotype and the environment. Homeostasis
is the ability of the genotype to minimize the effects of adverse external conditions.
Statistical processing was performed using a package of Snedecor applications. There
were carried on an analysis of the homeostasis of the selection lines according to
the algorithms developed by Martynov S.P., an yield variance analysis of multiyear
experience according to Tomilov, and multidimensional ranking of varieties on the main
breeding traits, which was designed by I.A. Uzhakov. A breeding line (1459-E-06) of
spring soft wheat with high responsiveness to the environmental conditions and stable
high yield was selected. This line was made by crossing a spelt with a durum wheat and
further backcrossing with soft wheat. It gave a significant increase in yield, in relation to
the Omsk standard 36 0.3 t/ha, due to the plants survival. This line is advisable to use as
a source of high productivity of plants in the selection process, to obtain new genotypes
with high adaptive properties and is recommended for transfer to the state strain testing.
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The 5S rRNA is one of the most important structural and functional component of the
large subunit of the ribosomal. 5S rDNA has long been a favored target for cytological
and phylogenetic studies due to their high interspecific divergence and the tandem arrays
repetitive units. The repeating unit of 5S rDNA contains a 120 bp coding region and a non-
transcribed spacer sequence (NTS). The former is highly conserved in structure, whereas
the NTS is polymorphic in both length and nucleotide sequence. Thus, sequencing of
tandem repeats is difficult task. To multiplexing sequencing NTS of the 53 accessions
of relatives of T. aestivum (3 acc. T. monococcum, 3 acc. T. baeoticum, 6 acc. T. urartu,
16 acc. T. dicoccoides, 6 acc. T. araraticum, 3 acc. T. timopheevii, 16 acc. Ae. speltoides)
by high-throughput method, we have developed six pair primers to NTS for inner
barcoding. Obtained results were transformed by FastX Tool Kit (www.galaxy.org).
The molecular phylogenetic analysis of common sequences allowed to reveal two major
evolutionary branches of NTS: Short type and Long type. Short type branch consisted of
three minor types: ShortAl, ShortA2 and ShortG1 (in agreement with the classification
of Baum and Bailey, 2001), and Long type branch consisted of two minor types: LongS1
(Baum and Bailey, 2001) and LongA1 (Baum and Bailey, 2004). Thus, the multiple
sequence alignment problem, one of the most difficult problems in computational
molecular biology, can be solve.

Acknowledgements: This work were supported by project No. 0324-2019-0039.
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Papain-like cysteine proteases (PLCP) are key enzymes involved in cell death as
response to biotic stress. Functional genetic investigation of cysteine protease family
members has been performed in a fragmentary scale to understand its specific role in
plants. Highlights of research milestone for these proteases provide strong evidence on
their diverse and overlapping roles in basal immunity and effector-triggered immunity.
The objective of this study was to provide useful insights into biological function of three
cysteine protease genes, OsCP2, OsCP3, and OsCPJ5, in rice. Overexpression of rice
cysteine protease attenuated the virulence of Xanthomonas oryzae pv. oryzae race K3a
in all transgenic lines which displayed moderate resistance as indicated by shorter lesion
lengths (OsCP20x, 6.82 cm; OsCP30x, 5.55 cm; and OsCP50x, 5.40 cm) than wild type
Dongjin (16.07 cm) whereas RNAi-mediated knockdown of OsCP3 resulted in severe
bacterial leaf blight symptoms (17.1 cm). Abiotic screening revealed the biological
significance of these three cysteine protease genes, especially of OsCP3, against salinity
stress for which rice exhibited moderate tolerance (salinity score = 5.0 to 5.2). This study
provides experimental evidence for roles of papain-like cysteine protease in improving
resistance of rich against Xanthomonas oryzae pv. oryzae and tolerance against salinity
stress, suggesting that these genes could be used as a valuable resource to be employed
in rice breeding program to improve its ability to withstand biotic and abiotic stresses.
Acknowledgements: This study was supported by the Russian Science Foundation.
This work was supported by a grant from the Next-Generation BioGreen 21 Program
(PJ01330201), RDA, Republic of Korea.
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Since transgene silencing in genetically transformed plants is a serious limitation for
a wide application of genetic engineering techniques, studying mechanisms ensuring
stability of transgene expression is vital. Molecular mechanism underlying transgene
silencing is RNA interference (RNAi). RNA1 protects plant cells from the expression of
viral and foreign DNA. Small interfering RNAs (siRNAs) are key components in RNAI.
The siRNA-protein complexes inhibit transgene expression at the post-transcriptional
and transcriptional levels by degrading target mRNA transcripts and establishing DNA
methylation within transgene nucleotide sequences, respectively. Multiple investigations
concerning viral suppressors of gene silencing revealed that 2b protein from Cucumovirus
(CMV) effectively represses assembly and targeting of the RNA-induced silencing
complex. Current study presents unique data on using the 2b gene from CMV-NK isolate
for transgene silencing reduction in A. thaliana plants earlier transformed with VaSTS1.
In our study, two VaSTSI-transgnenic lines were retransformed with 2b and derived
plants were analyzed. Our data demonstrated that A. thaliana plants with decreased
expression of VaSTS! transgene increased transgene expression in up to 3.0-fold upon
retransformation with 26 from CMV NK. Interestingly, the more pronounced effect of
2b retransformation regarding increase in transgene expression was shown for nptl//
used as selective marker for transformants selection upon transformation with VaS7S1
of A. thaliana plants. The nptll gene expression increased in more than 10.0-fold in
lines retransformed with 2b being compared to initial plants transformed with VaSTS].
Moreover, the decrease in the level of VaSTS!I expression in transgenic A. thaliana
plants was associated with enhancement of the cytosine DNA methylation level within
VaSTS1 sequence. The mentioned fact implies that VaSTS! expression was repressed at
transcriptional level and our data demonstrates that 26 from CMV NK can reactivate a
silenced transgene.
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In present study a population of recombinant in hybrid lines develop from cross between
Frontana and Pasban90 parents was evaluated for (5) morphological, (7) physiological
and (6) biochemical traits under normal and salt stress environment in hydroponic
culture for two cropping season 2014—15 and 2015-16. Parents and their RILs showed
considerable variation in studied traits. Total 202 polymorphic microsatellite markers
(SSR) and composite interval mapping approach was used. Present study identified
ninety-two significant QTLs out of which 27 were major and 65 were minor and most
were concentrated on chromosome 2A, 2B and 7A (7 each). Twelve major QTLs were
reported on B genome followed by D and A while chromosome 4B had maximum
number of major QTLs. QTLs for sodium and potassium content were concentrated
on D genome due to presence of Knal gene on D genome. Furthermore, thirty-two
pleiotropic regions were identified and chromosome 2A contained pleotropic region
associated with five different traits. The identified MTAs may be helpful in improving
wheat tolerance to salt and can be employed in marker-assisted selection.
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Pathogens decrease the crop yield and reduce the quality of products obtained from flax
(Linum usitatissimum L.). The knowledge on the genetic diversity of flax pathogens is
necessary for the development of molecular marker system for fungus identification and
subsequent application of proper defense actions. In the present work, the polymorphism
of fungal pathogens of flax was assessed using deep sequencing. Twenty-four strains
of Fusarium oxysporum, 8§ strains of Fusarium moniliforme, 5 strains of Fusarium
solani, 5 strains of Fusarium culmorum, 4 strains of Fusarium gibbosum, 3 strains
of Fusarium sporotrichiella, 3 strains of Fusarium avenaceum, 2 strains of Fusarium
semitectum, 20 strains of Colletotrichum lini, 9 strains of Melampsora lini, 9 strains of
Aureobasidium pullulans, and 8 strains of Septoria linicola were obtained from Institute
for Flax (Torzhok, Russia). Internal transcribed spacer (ITS) region of the rRNA genes
and regions of genes encoding translation elongation factor 1-alpha (tefl), beta-tubulin
(tub2), and RNA polymerase II subunits (RPB1 and RPB2) were chosen for assessment
of genetic diversity of flax fungal pathogens. For DNA library preparation, the method
proposed by Illumina for 16S metagenomic sequencing library with some modifications
was applied. Primers with overhang adapters were used at the first stage of DNA library
preparation followed by the second stage of amplification using Nextera XT index
primers. DNA libraries were obtained for 100 fungal pathogen strains and sequenced on
MiSeq [llumina with 300+300 nucleotide read length. About 4000 reads were generated
for each sample. The pipeline was developed for the analysis of the sequencing data. The
results of our work allow to characterize the genetic diversity of flax fungal pathogens
and to determine the DNA sequences that are the most suitable for identification of
fungus that cause L. usitatissimum diseases using molecular markers.
Acknowledgements: This study was supported by the Russian Science Foundation.
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Flax (Linum usitatissimum L.) is used for production of textile, vegetable oil, composite
materials, and pharmaceuticals. Fusarium wilt caused by the fungus Fusarium oxysporum
sp. lini is the most harmful pathogen that reduces flax production. For obtaining high
yields of flax, cultivation of cultivars that are resistant to F. oxysporum is necessary.
Methods of classical genetics revealed different genes for resistance to F. oxysporum,
however, sequences and products of these genes are still unknown. In the present study,
susceptible and resistant to Fusarium wilt flax cultivars and lines, including those that
according to classical genetic analysis carry different resistance genes, were studied.
Transcriptome sequencing was performed for susceptible and resistant genotypes grown
under control conditions and 48 hours after inoculation with £ oxysporum spores. About
250 million reads were generated on NextSeq Illumina. After trimming of the reads
using Trimmomatic and filtering against the £ oxysporum genome, the flax transcriptome
assembly and annotation were performed. Then reads were mapped to the assembled
transcripts and quantified using bowtie2 and rsem. The scoring was developed to identify
genes with diverse expression alterations in resistant and susceptible to £ oxysporum
genotypes, and resistance gene candidates were identified. Our study contributes to the
understanding of the key mechanisms of flax response to F. oxysporum, identification of
resistance genes, and development of molecular markers for breeding of flax cultivars
carrying several resistance genes simultaneously.

Acknowledgements: This study was supported by the Russian Science Foundation. This
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Water deficits represent a major global abiotic stress that limits plant productivity by
inhibiting their growth and development. The defense mechanism against drought stress
in plants contains several elements including enzymatic antioxidant system activation
to protect cells against toxic reactive oxygen species (ROS) and the accumulation of
osmolytes such as proline. Proline is involved in direct ROS scavenging, stabilize
proteins and antioxidant enzymes, and promote cellular signaling. The major signaling
system activated in response to stress in plants is based on mitogen activated protein
kinases (MAPK) cascades. The objective of presented study was to examine wheat
responses to short-term drought, as measured by the expression level of genes involved
in signal transduction (MAPK3 and MAPKO6), the activity of the antioxidant system and
the proline biosynthesis in common wheat seedlings. Furthermore, using intervarietal
single chromosome substitution lines (ISCSLs), we identified chromosomes associated
with the initial response to short-term drought stress in wheat.

The results of our study revealed that the first reaction of the tested wheat lines was
characterized by changes in the catalase transcript level. Furthermore, examined stress
induced the expression of genes involved in proline biosynthesis and the MAPKG6-
mediated signaling pathway. In the present study, we identified chromosomes associated
with the initial wheat response to short-term stress using a set of common wheat ISCSLs
of variety ‘Janetzkis Probat’ (JP) in the genetic background of ‘Saratovskaya 29’ (S29)
with varying drought tolerance. The data indicated that the substitution of chromosomes
3B, 5A, 7B, and 7D had the largest impact on the expression level of all tested genes
and could play a critical function in controlling tolerance to water deficits in the wheat
genome.
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Potato plants are susceptible to ring rot disease caused by the bacterium Clavibacter
michiganensis ssp. sepedonicus (Cms). In the fight with disease use of aggressive and
environmentally safe reagents. The study uses nanocomposite substances containing
selenium (NC Se) in the natural matrix membranes of starch, karaginan and arabino-
galactan as environmentally safe means of combating the disease. Synthesis of NC Se
oxidation was carried out organil desalineamiento of sodium by hydrogen peroxide with
the subsequent formation of selenium nanoparticles and their simultaneous stabilization
of natural matrix. All NC Se were synthesized in Irkutsk Institute of Chemistry SB RAS.
They are easily soluble in water and convenient to use their aqueous solutions. The
synthesized NC is a well water-soluble powder, possessing bacteriostatic properties.
Selenium concentration, which was 0.000625 %, was used for the experiments. Potato
plants grown in vitro of the susceptible variety Lukyanovskii were incubated with
the bacterium Cms of the strain Ac-1405 for 18-21 days and monitored the change in
biometric parameters of plant growth and development. Studies have shown that NC Se
does not have a negative effect on plants, but when infected, its effect decreases. In the
study of peroxidase activity, it was found NC Se/AG reduces the index, which indicates
the presence of stress in plants. In studies on the Cms during incubation with solutions
of NC expressed negative effect of NC was not revealed. But in vain consideration of
the growth rate of bacterial biomass was found NC Se/AG inhibits bacterial growth. Se
accumulation in plant tissues was investigated by X-ray energy dispersive microanalysis.
The data obtained did not reveal Se accumulation. The results indicate the prospects of
the study of NC Se as an environmentally safe means for the improvement of potatoes
with bacteriostatic and bactericidal properties.
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The Ixiolirion genus is a systematically isolated group, the exact position of which
within the order Asparagales is not completely clear. Chloroplast genomes are commonly
~150 kb long and widely used for phylogenetic reconstruction. We've collected the tiny
specimen of I. tataricum in the spurs of Kyrgyz Alatoo ridge, Republic of Kyrgyzstan in
2018 with the aim of plastome sequencing. The amount and condition of sample was not
sufficient for laboratory manipulations to extract chloroplast fraction, and we couldn’t
repeat the sampling. Therefore, we had to extract total DNA and perform WGS using
[llumina MiSeq. The total numbers of reads were theoretically enough for complete
plastome assembling, but in fact only up to ~25 kb long contigs were assembling (using
whole library with Spades 3.13.0 assembler). To improve assembling we’ve performed
additional sequencing by lon Torrent and Oxford Nanopore HTS platforms. We have
tested different approaches to extract chloroplast reads and assemble. The best approach
we’ve found includes filtering by k-mer frequency and combined iterative filtering and
assembly with enrichment of chloroplast reads and depletion of nuclear and bacterial
contamination reads by separation of chloroplast and non-chloroplast nodes and clusters
in de Bruijn graphs of Spades’ assemblies using Bandage software, Blastn and BBmap.
Assembly has much improved containing longer contigs and covering most of the LSC,
SSC and IRs regions. We have found 5,527 bp inversion in SSC region, similar to the
inversion we have observed in A. paradoxum; and that I. tataricum draft plastome
sequence showed the highest similarity to complete plastome of Astelia pumila, compared
to all other complete plastomes from GenBank.

Acknowledgements: This study was supported by the Russian Science Foundation. This
work was supported by the RFBR grant number 18-04-01203.
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Non-coding RNA (ncRNAs) play crucial roles in transcriptional and post-transcriptional
regulation of gene expression in plants. New data indicates that ncRNAs, including
miRNA and long ncRNA (IncRNAs), have emerged as key regulatory molecules in
plant stress responses. Plants are exposed to set of stress factors, such as viral infection,
salt, drought, cold, and heat, which limit plant growth and productivity. To adapt and
survive plants have utilized multiple gene regulatory mechanisms to restore cellular
homeostasis. ncRNAs play a critical role in the regulation of gene expression in response
to stress conditions. We review contemporary set of tools and resources to study its
role in plant abiotic stress response. Functional RNAs with low protein-coding potential
(ncRNAs) are classified as small ncRNA (<30 nt), medium-sized ncRNA, and long
ncRNAs (IncRNAs) (>200 nt). miRNA expression is up-regulated or down-regulated
in response to stress similar to changes in expression of protein-coding genes. For
example, in Arabidopsis, in response to nitrogen (N) deficiency, expression of miR-160
is upregulated whereas that of miR-169 is downregulated.

Bioinformatics analysis of available sequencing data is important. Several computational
tools have been established to identify and predict miRNAs in plants. According to sSRNA
sequencing (sSRNA-seq) data, miRPlant, miRanalyzer, miRA and miRDeep-P could be
used to predict new miRNAs. Several databases have been established for archiving
miRNAs and their annotation: miRBase collects miRNAs from experimental or
computational identification of various species, while Rfam provides miRNA sequences
based on homology relationship. Plant miRNA database (PMRD) and Plant microRNA
Knowledge Base (PmiRKB) are two well-known plant-specific miRNA annotation
databases. Although remarkable progress in studying of miRNAs and IncRNAs role in
plant adaption to stress, details are still have to be discovered using new sequencing
technologies.

Acknowledgements: This study was supported by the Russian Science Foundation. The
authors are grateful to RFBR (18-04-00483) for support of the work.
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Knowledge about the racial composition of the causative agent of loos smut and its
ongoing inside-population changes, a necessary condition in developing of determined
genetic protection of created varieties. The virulence of isolates, which have been
collected mainly in the fields of the Novosibirsk region as well as Omsk and Altai Krai
in the period 2015-2018 years evaluated by infecting varieties-differentiators. Two
sets used for inoculation. The first — Russian, developed by V.I. Krivchenko (1987) to
identify the races of loos smut. It consists of nine varieties, three are durum wheat and
other are soft wheat. Another — Canadian, created by Nielson, Thomas (1996), used of
foreign investigation, consists of 19 samples, of which TD-1, TD-11, TD-19 — durum
wheat. In all on the virulence have been estimated 15 isolates, it assembled from different
varieties of spring soft wheat. The isolate was one ear with loos smut. Isolate considered
virulent to the differentiator, if more than 10 % of plants affected. The key proposed by
V.I. Krivchenko and J. Nielsen, P. Thomas carried out identification of races. 66 race
dominated in the Novosibirsk region by identified in the Russian set. This race met in the
Altai region. In the Canadian set, it is registering as T8. Also in these regions revealed
race 23, according to the reaction of differentiators Canada, race is identifying as T18.
In the Novosibirsk and Omsk egions registered 12 race. In addition, 78 races identified
in the Novosibirsk region, 58 — in the Altai region, and 1 race — in the Omsk region. All
races specialized to varieties 7. aestivum and did not able to infect hard wheat varieties.
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T kiharae (A'A'GGDD, 2n = 42) is of interest for the improvement of common wheat
varieties as a source of high protein and gluten content and resistance to diseases. The
aim of the study was to analyze the genomic structure and cytological stability of the
common wheat lines containing genetic material of 7. kiharae. To achieve this goal, the
C-banding method and SSR- and SNP-analyses were used. Using the C-banding, the
presence in karyotypes of hybrid lines whole chromosomes of 7. kiharae (2AY, 3AY, 2G),
replacing the homoeologous chromosomes of wheat A- and B-genomes, and chromo-
some arms (1AL, 2A'S, SA'L, 6AtL, 5GL, 6GL) among aberrant chromosomes
composed by the centricbreak-fusion type. The change in the C-banding pattern observed
in some chromosome regions may be a consequence of introgression of small fragments
of T. kiharae chromatin. This was confirmed by the results of SSR-analysis showing
the presence from 2 to 7 T. kiharae fragments in the chromosomes of all three wheat
subgenomes. The highest frequency of introgressions is shown for chromosomes 1A,
1B, 2A, 2B, 5A and 5B, while in chromosomes 4A, 4B and 7B no alien chromatin was
detected. The data obtained indicate that recombination events with the participation of
T. kiharae chromosomes or their fragments occurred in all studied introgression lines. It
was shown that introgression lines obtained on the base of the Saratovskaya 29 cultivar are
characterized by a higher number of alien introgressions compared to cv. Festivalnaya and
Rassvet. Analysis of microsporogenesis indicated a high level of bivalent chromosome
pairing at the stage of metaphase [ (95.87-99.76 %) in all introgression lines. Most lines
are also characterized by a high percentage of normal tetrad (88.18-93.0 %). The meiotic
stability of hybrid lines creates prerequisites for the preservation of alien introgressions
in a number of subsequent generations, which makes it possible to use this material to
expand the gene pool of wheat.

Acknowledgements: This study was supported by the Russian Science Foundation.
The study was supported by BRFBR (project No. BI8R-028) and RFBR (project No. 18-
516-00001).
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The transition from hunting and gathering to agriculture had revolutionary consequences
for the development of human societies. Crops such as wheat, barley, lentil, pea, and
chickpea played a crucial role in the establishment of complex civilizations in southwest
Asia. Wild emmer wheat (Triticum dicoccoides, 2n =28, BBAA) was one of the first cereal
to be domesticated in the Fertile Crescent between c. 12,000 and c. 10,000 years ago. The
wild emmer wheat is the progenitor of the domesticated durum wheat (AABB), and fully
fertile in cross with it. This step provided the key for subsequent bread wheat evolution.
Therefore, it is called as “Mother of wheat”. Wild emmer is found today in the western
Fertile Crescent in Jordan, Syria, Israel, and the central part of southeastern Turkey.
Wild emmer harbors a wide spectrum of genes and alleles lost during domestication
and breeding, nevertheless, a number of genes and alleles positively contributing to
biotic and abiotic stress tolerance, yield components and quality traits have been found
in wild emmer and transferred to cultivated wheats by crossing experiment. Recently, a
wide collection of wild emmer accessions has been established to recover useful genetic
diversity for cultivated wheats. This collection is being used for genome-wide association
(GWAS) for a number of traits. In this presentation, we will discuss its domestication
progress and its use for a wheat breeding program.
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The problem of import substitution in the seed market is primarily the problem of
creating competitive varieties. To solve this problem, it is necessary to ensure the genetic
potential of the crop varieties. Functional products are of particular importance for the
implementation of the food task. Grain and leguminous crops are of interest. Common
beans (Phaseolus vulgaris) has a unique balanced composition of seeds and green beans
with a high content of protein, vitamins and microelements. Importance for the creation of
varieties is the use of collection material of different ecological and geographical origin.
There is a need to study the gene pool to identify sources and donors of valuable traits.
From 1997 to the present time in the Novosibirsk State Agrarian University has studied
more than 150 breeding samples of different geographical origin, including recombinant
forms. The studied varieties of beans are divided by origin: most 51 % — introduced,
including 47 % — of European and 4 % — of Asian origin, the samples of hybrid origin.
Breeding samples were studied on the main features: the duration of the growing season,
the nature of growth, plant height and attachment of the lower beans, shape and length,
color of beans. The variability of these features with the establishment of correlations,
evaluation of the nature of the inheritance of individual features. According to the
duration of the growing season varieties were divided into 4 groups of ripeness (early
maturing — 7 %, of which can be identified very early: Nika, Secunda, Maxi; mid-season:
Sunray, G135 — 43 %, middle: Viola, G171 — 37 %, and late — 13 %). Indicators of high
productivity and quality of green beans were found in 44 % of samples: G135, Peak,
Rocgentcant, Sunray, Nika with a yield of more than 3.5 kg/m2. The creation of varieties
with a complex of certain selected characteristics on the basis of available breeding
samples of the Siberian gene pool for specific soil and climatic conditions will ensure
guaranteed high productivity and product quality.
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Polyploidization with subsequent functional divergence (neo- and subfunctionalization)
or loss of duplicated genes is one of the major mechanisms of plant genome evolution.
In particular, whole genome duplications are associated with the emergence of such
large clades as monocots and core eudicots. However, the patterns of these processes
remain unclear in many aspects. The way to gain insight into them is the study of the
evolution of gene expression profiles as soon as the expression reflects the function.
Using the method of gradient busting we performed comparison of detailed expression
maps for five plants, representing large groups of angiosperms: rosids (the model object
Arabidopsis thaliana), asterids (Solanum lycopersicum), caryophyllids (Fagopyrum
esculentum), monocots (Zea mays) and basal angiosperm Amborella trichopoda. This
allowed identification of groups of genes with conserved expression profiles, present
in all five species. These profiles are presumably inherited from a common ancestor of
angiosperms and can be called the core pan-transcriptome of flowering plants. Based on
these data it is possible to trace the genes that changed their function after duplication and
ones that underwent neo- and subfunctionalization. Also, the analysis of the coexpressed
groups of non-homologous genes allows for the search of conserved regulatory modules,
in particular, via identification of transcription factor binding sites in promoters. Besides
this the data on evolutionary conservation of expression profiles will contribute to the
translation of knowledge gained through studies of model species to non-model plants.
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Introgressive hybridization is a basic method for increasing the genetic diversity of bread
wheat. In our studies, genotypes of bread wheat with new intergenomic interactions by
replacing the cytoplasm of wheat with an alien one are creating. These genotypes (allo-
plasmic lines) are using for production of introgression and homozygous introgression
(DH) lines with pyramids of genes controlling resistant to fungal pathogens. Developed
a set of methods aimed at restoring fertility and overcoming nuclear-cytoplasmic conflict
when crossing between individual species of barley and wheat, as well as the subsequent
reconstruction of nuclear genes as a result of the integration of alien genetic material
into the nuclear genome of alloplasmic lines (H. vulgare)-T. aestivum and (H. marinum
ssp. gussoneanum)—T1. aestivum. It was shown that the peculiarities of restoring the
fertility of alloplasmic lines and integration of chromosomes of barley in genome of
alloplasmic lines depending on the species of barley. It was discovered that the patterns
of fertility restoration of alloplasmic lines associated with the variability of nuclear and
cytoplasmic genomes. It has been established that the conditions of anther culture for
production of DH lines do not negatively affect nuclear-cytoplasmic compatibility in
alloplasmic genotypes (H. vulgare)-T. aestivum. In our work, alloplasmic and DH lines
are used as a new genotypes in breeding. DH lines serve to accelerate the selection of the
desired genotypes with target genes and are included in the hybridization to obtain the
initial material for breeding. Alloplasmic wheat-barley substitution and addition lines
(H. marinum ssp. gussoneanum)—T1. aestivum with chromosomes of H. marinum are used
to obtain euplasmic wheat-barley introgression lines.

The positive effect of individual chromosomes of this wild barley on the content of
protein in the grain was shown.

Acknowledgements: This work were supported by project No. 0324 - 2019-0039 and the
RFBR grant No. 17-04-01738.
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The study of phytopathogenic bacteria is a topical issue in most discussion. Since
that time, when microorganisms disrupt the carbohydrate and protein exchanges of a
plant. The object of the study is full genome sequence of the Agrobacterium fabrum
str.C58 chromosome circular, downloaded from the RefSeq database (NC_003062.2.).
Pathogenic strains of Agrobacterium spp. carry at least one Ti or Ri — plasmid. To date, to
avoid mass death of plants, targeted genetically modified approaches are being developed,
for example, CRISPR/Cas. To find CRISPR/Cas-systems MacSyFinder were used. The
research for the structural and functional characteristics of the Cas-genes was carried out
using the HMMER and makeblastdb software. CRISPI, CRISPRFinder, CRISPRDetect
were used to select CRISPR-arrays in the genome of the bacterium. To looking for
phages through decoded spacer sequences was taken the BLASTn. The results of the
bioinformatics study have showed the following: 1 CRISPR-array was found, having
3 spacer sections separated by repeat. Spacers are 18 b.p., repeat — 5 b.p. The total
length of the CRISPR-array was 510 b.p. with repeat (C-GGCGGCTGTTCGGCAGQG).
The obtained spacer sites were analyzed in the CRISPR-array for phage identification
in such software: Phages, CRISPRTarget. It was possible to identify the belonging of
the spacers to the phages of Mycobacterium Phage Shipwreck (13 repeats), Gordonia
phage GMAZ2 (15 repeats). Also, using the BLASTn, we have found that Agrobacterium
fabrum has full identity with Plantactinospora sp. BCI chromosome, Streptomyces sp.
1H-S8SA4 genome, Xanthomonas perforans 91-118 etc. These results help us to suggest
that, in addition to virulent plasmids, the total repeat plays a role in pathogenicity trough
the CRISPR-array. Thus, the bioinformatics analysis of the CRISPR/Cas-system of the
phytopathogenic bacterium Agrobacterium fabrum str.C58 chromosome circular made
it possible to find out which part of the DNA in the bacterium in order to change its
pathogenic properties.
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Since Sept. 2017 Vavilov Institute has been leading the national project focusing on
the development of new varieties of guar using marker-assisted selection for import
substitution of guar gum for the oil, gas and food industries in Russia. Guar, an
herbaceous legume plant, is widely cultivated in India, Pakistan, Afghanistan, Kenya,
Australia, and semi-desert regions of the United States. Guar gum, extracted from the
seeds of guar, is in demand in the oil and gas industry. Until now, guar gum has been fully
exported from abroad. Nowadays, there is an evident need to develop new guar varieties,
adapted to the conditions of cultivation in the territory of the Russian Federation. In
frame of the project various approaches of modern breeding were employed. Among
them are ecological testing of a number of genotypes in different climatic conditions,
field evaluation of VIR guar germplasm collection in Kuban experimental station
(Krasnodar area), high throughput genotyping of the diversity panel of ~200 genotypes
by RADseq method using Illumina HiSeq2500 and Genome-Wide Association Study.
Since guar is a short-day plant, a special effort was made to discover the photoperiod
insensitive genotypes among the guar genetic diversity tested. Valuable genotypes with
the shortened vegetation period were discovered. Original laboratory methods have been
developed for estimating the percentage and viscosity of gum in guar seeds. Root nodule
bacteria were isolated from guar, their 16S rRNA sequences were deposited in NCBI. As
the result, five most promising breeding lines were suggested as the new guar varieties
adopted to the climate conditions of Krasnodar region. Astrakhan and Volgograd regions
are suggested as the regions where the new crop can be successfully propagated under
irrigation.

Acknowledgements: The study was supported by the Ministry of Science and Education of
the Russian Federation (Project RFMEF160417X0168, Agreement No. 14.604.21.0168).
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Flax (Linum usitatissimum L.) is used for production of fiber and seed. The content
of lignin and cellulose is an essential characteristic that determines the suitability of
fiber for textile and composite productions. It has been shown that cinnamyl alcohol
dehydrogenases (CADs) are involved in the processes of lignin formation, while
cellulose synthases (CESAs) play a key role in cellulose biosynthesis. In the present
work, polymorphism of CAD and CESA genes was estimated in 288 flax cultivars
and lines with lignin content varied from 2 % to 7.5 % and cellulose content varied
from 82 % to 88 %. DNA was extracted from pools of seedlings for each sample using
CTAB protocol. Primers were designed for amplification of CADI and CESA4 genes
and their putative promoter regions with 450-500 bp DNA fragments. DNA libraries
were obtained using two successive PCRs which allowed us to add sequences that
are necessary for sequencing on the Illumina platform. Quality and concentration of
DNA libraries were evaluated by Agilent 2100 Bioanalyzer (Agilent Technologies) and
Qubit 2.0 fluorometer (Life Technologies). Deep sequencing was performed on MiSeq
[lumina with 300+300 read length. The average coverage for studied CAD and CESA
genes in an individual sample was over 100x. The pipeline was developed for analysis of
the sequencing data, and genetic polymorphism of CAD1 and CESA4 genes was assessed
within 288 flax samples. Obtained data contribute to the evaluation of genetic diversity
of flax, determination of association between CAD and CESA allelic variants and fiber
qualities, and could be used in breeding of improved cultivars.

Acknowledgements: This study was funded by the Presidium of the Russian Academy
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The study of the genetic mechanisms of wheat adaptation to environmental conditions
is necessary for successful selection of cultivars tolerant to abiotic stress factors,
drought being the most harmful. The study of the genetic architecture of traits that
affect drought tolerance is of great, if not crucial, importance for overcoming the
negative impact of drought on crop yields. All of them have a polygenic control and
provide coordination of many physiological and biochemical processes. Analyzing the
associations between the alleles of molecular markers and target traits in bi-parental
mapping populations or by association mapping is the most effective strategy in studying
the genetic control of polygenic traits. In our work, the both approaches were used to
identify the regions associated with the tolerance of photosynthetic apparatus to water
deficiency in chromosomes 2A and 2D. Using the introgressed lines Chinese Spring
(Synthetic 6x) for D-genome the two regions in chromosome 2D were identified
associated with photosynthetic parameters and the activity of antioxidant enzymes under
stress conditions. Regions were marked within the Xgwm455-Xgwm261 and Xgwm1419-
Xgwm539 microsatellite markers, respectively. Using the substitution recombinant lines
Saratovskaya 29 (Yanetskis Probat 2A) the two regions were identified in the long arm
of the target chromosome associated with the regulation of stomatal conduction, the
rate of photosynthesis, the activity of antioxidant enzymes and the yield components
under water deficit conditions. Bioinformatic methods of analysis of these regions have
revealed the candidate genes that are homologous to the known Arabidopsis genes
involved in the signaling pathways of the hormonal regulation of stress response.
Acknowledgements: This study was funded by RFBR grant No. 18-04-00481 and by the
budget ICG project No. 0324-2019-0039.
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Plant hormone ethylene is a major regulator of growth and development that plays an
important role in various processes such as seed germination, response to biotic and
abiotic stresses, senescence etc. Ethylene signaling proceeds via a linear pathway that
activates EIN3 and EIL1 transcription factors (TF) — the key regulators of ethylene
response. Besides EIN3 binding to gene promoters, co-factors are often required to
trigger gene expression upon ethylene treatment. In this work, we perform a genome-
wide analysis of EIN3 binding to investigate complex mechanisms of EIN3-mediated
gene expression upon ethylene treatment. De novo motif search in EIN3 ChIP-seq
peaks (publicly available data) with Homer tool found a variety of enriched motifs.
Besides EBS-like motif (well-known EIN3-binding site) (p<1e—109), E-box-like motif
(p<le—125), G-box-like motif (p<1e-47), and RY-like motif (p<le—52) were in the
top. Intriguingly, E-box-like motif rather than EBS-like motif was the first ranked. Using
Tomtom tool, E-box-, G-box- and RY-like motifs were annotated as the binding sites
for bZIP family group I TFs, PIF family TFs and FUS3 binding sites, correspondingly.
Enrichment of the motifs annotated as the binding sites of EIN3-unrelated TFs supports
indirectly a possible role of these TFs as EIN3 co-factors. To further investigate this
possibility, we performed an analysis of EIN3 and bZIP29/PIF4/FUS3 binding co-
occurrence in gene promoters and found it statistically significant (p<2.2e—16). It is
noteworthy that FUS3, PIF family and bZIP family group I TFs are known to take part
in several ethylene-regulated processes. Therefore, according to our results we suggest
that FUS3, PIF family and bZIP family group I TFs could influence EIN3 functioning to
regulate gene expression on the genome-wide level. These TFs are promising candidates
for future investigations of EIN3 functional partners.
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Poplars (genus Populus) are dioecious plants, and sexual dimorphism in males and
females is actively studied. Recent investigations on the determination of poplar sex
revealed sex-associated single nucleotide polymorphisms (SNPs) and genome regions
of their localization. However, the improvement of the genome assembly is necessary
for accurate mapping of the sex locus. The key genes that are involved in poplar sex
determination are still unknown. The goal of our work was the obtaining of high-quality
genome assembly of Populus % sibirica, which is the most common poplar in Moscow,
and identification of sex-specific DNA polymorphism. Twenty male and twenty female
plants of P. x sibirica were collected in different regions of the Moscow city. DNA was
extracted and amplicon libraries for sequencing on the Illumina platform were prepared.
Deep sequencing of genes encoding MET1 and homolog of ARR17, which contain a
number of sex-associated SNPs, was performed for the 40 samples on MiSeq (Illumina),
and about 4000x coverage was obtained for each sample. We identified 17 (11 in MET1
and 6 in ARR17) sex-specific SNPs. All females were homozygous, while all males
were heterozygous for identified sex-specific SNP sites. Moreover, in one allelic variant,
males had the same nucleotides as females, while in the other one — sex-specific SNPs.
Thus, the colocation of sex-specific SNPs was revealed. Two males and two females of
P xsibirica were selected for the whole genome sequencing. The Nanopore platform
with long reads and the Illumina one with high-precision short reads were used.
Combination of these sequencing platforms enabled high-quality genome assembly and
accurate identification of the sex-specific locus in P, x sibirica genome. Obtained results
contribute to the understanding of the mechanisms of poplar sex determination.

Acknowledgements: This work was funded by the RFBR, grant 18-34-20113 mol a ved.
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Putintseva Y.A.'*, Bondar E.I.":2, Sharov V.V."2, Simonov E.P.>3, Oreshkova N.V."-2,
Kuzmin D.A.!, Sadovsky M.G."3, Krutovsky K.V.1:6.7-8

' Siberian Federal University, Krasnoyarsk, Russia

2 Laboratory of Genomic Research and Biotechnology, Federal Research Center “Krasnoyarsk Science
Center SB RAS”, Krasnoyarsk, Russia

3 Institute of Animal Systematics and Ecology, SB RAS, Novosibirsk, Russia

4 Sukachev Institute of Forest, SB RAS, Krasnoyarsk, Russia

5 Institute of Computational Modeling, SB RAS, Krasnoyarsk, Russia

¢ George-August University of Gottingen, Géottingen, Germany

"Vavilov Institute of General Genetics, RAS, Moscow, Russia

8 Texas A&M University, College Station, USA

* e-mail: yaputintseva@mail.ru

Plants have very large mitochondrial genomes (mitogenomes) varying from 200 Kbp to
11.3 Mbp. They have also very complex structure in plants. So far, only a few mitochondrial
genomes have been sequenced and published in conifers. We succeeded a high-quality
assembly of the Siberian larch (Larix sibirica Ledeb.) mitogenome using both short and
long nucleotide sequencing reads generated by the Illumina HiSeq2000 and MinlON
(Oxford Nanopore Technologies) sequencers, respectively, and a hybrid approach based
on the MaSuRCa pipeline. To select mitochondrial sequences from nuclear and plastid
sequences, assembled contigs were mapped to the nucleotide database of complete and
partial plant mitogenomes. The final assembly of the Siberian larch mitogenome consists
of 9 contigs with a total length of 11,662,539 bp (N50 = 3,031,766 bp). The longest
contig is 4,008,762 bp, the shortest — of 24,767 bp. Finally, 40 protein-coding, 34 tRNA,
and 3 rRNA genes were annotated. This mitogenome is currently the largest one.
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This study was carried out in order to investigation of possible cytoplasmic-genetic
male sterile lines production of commercial and hopeful cotton cultivars of Iran through
transferring of these traits from male sterile lines. In this kind of male sterility, the
cytoplasm of male sterile at the presence of dominance fertility restorer allels, lose
their effects which cause to return the ability of anthers to produce fertile pollen. This
investigation was performed during four years in three regions of Varamin, Gorgan and
Kashmar. Annually selfing crosses were done among male sterile and male fertility
restorer lines and all cultivars as well as selfing in order to multiplication of lines. In
order to transferring the male sterility, crosses were done between cultivars and A line.
Harvested seeds from these crosses were cultivated along with their parents in the farm
for back-crossing purpose during next years. Also crosses were done between cultivars
and R line in order to transferring the male fertility gene. In order to retrieve the cultivars
along with male fertility gene, back-crossing between offspring and maternal parent
was continued during next years. Because of male fertility gene, the offspring from
these crosses were male fertile. Assessment of the male sterile flowers showed that, the
filament of flags were short and the anthers were thin and unable to burst. The sterility
situation of the anthers was stable and in higher temperature no pollens were seen.
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To increase biodiversity and improve the quality of wheat, breeders widely use the
method of intergeneric hybridization of existing wheat varieties with its wild relatives,
in particular, with different types of wheatgrass. Wheatgrass has the following
characteristics that it is desirable to pass on to the cultivated wheat: winter hardiness,
salt and drought resistance, high content of protein and gluten in the grain, resistance to
diseases, low demands on soil fertility, non-lodging. As the source material for producing
of new forms of winter WWHs, winter wheat cv. Filatovka and androgenic plants of
wheatgrass Elytrigia intermedium were taken in our work. An original leaf nurse method
of transmitting traits between different species of plants without hybridization has been
developed. To produce LN-lines (lines produced by the leaf-nurse method), a winter
wheat cv. Bagrationionka, and wheatgrass leaves, are taken. As a result of the application
of the leaf nurse method, the appearance of plants with awned spike and elongated grains
was noted. In some experiments, soybean leaves were used as a nurse. The disappearance
of the awnes of the spike and the decrease in the height of plants are noted in this case.
In 2017, 52 genotypes of winter WWHs and LN-lines were tested. Thirty genotypes had
a significantly higher yield and quality of grain than standard cv. Novosibirskaya 40.
In the competitive test 2017-2018, 68 genotypes of WWHSs and LN-lines were taken.
Most of them showed high yields and resistance to lodging. No marked disease was
observed. There was no damage to kernel smut. The root system of many genotypes
was significantly more developed than the standard. This sign is clearly transmitted
from the wheatgrass, which has a powerful root system. Analysis of the technological
qualities of the grain showed that in many respects the lines created are significantly
superior to the standard grade. Spring forms of WWHs were obtained by backcrossing
the produced winter WWHs by spring wheat. As a result of selections in 4 generations,
32 promising non-lodging spring forms of WWHs were obtained. The yield, the size of
the spike and the weight of 1000 grains of most of the accessions exceed the standard
commercial cultivars. In order to expand genetic diversity and improve grain quality, the
best accessions of spring WWHs were crossed between themselves and with two cvs of
spring wheat Novosibirskaya 31 and Omskaya 37. Further selection was carried out in
the greenhouse and in the field. In 2019, the best 129 genotypes from 419 were selected
for further investigations. Thus, the obtained results prove the great promise of applying
the used selection methods to obtain new valuable forms of spring and winter wheat.
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Using sequence-tagged Roche 454 platform, we studied intragenomic polymorphism of
ITS1, a spacer region of the multiple 35SrRNA genes in four polyploid Avena species.
Comparatison of ITS1 sequences from the diploid species, earlier sequenced by Sanger
approach, allowed to detect two indels specific for all ITS1 of C-genome diploid
species. It enabled easily identifying rare C-subgenome-specific ITSs among hundreds
of ITS1 reads characteristic for the A-subgenomes. Instead of expected 50 % C-variant
reads of 35S rDNA in 4. insularis (karyotype AACC or CCDD) and 33 % C-variant
reads in hexaploids 4. fatua, A. ludoviciana and A. sterilis (all AACCDD), the actual
rate consisted only about 4 % in A. insularis and 2-3 % C-variant reads in hexaploid
genomes. The C-genome-originated 18S (fragment), ITS1 and 5.8S (small fragment)
were 10 times more variable than the same sequences originated from to A-genome.
Some of the sequences of C-subgenomes contained deletions, including deletions in
the 18S rRNA region. As for the origin of C-subgenome ITS1s in the polyploid species,
some sequences revealed similarity to the ITS1 variants of either 4. macrostachya (Cm)
or A. ventricosa (Cv), but the core variant of C-subgenome ITS1 on the genetic tree
is approximately equidistant from all the present-day C-genome diploid species. The
A-type ITS1 of A. insularis is represented by few families, one of which is close to the
A-genomes of A. longiglumis, A. hirtula and A. wiestii. As for hexaploids, there are two
more frequent families of A-type rDNA reads in their genomes. We believe that one of
them, represented by a higher number of reads, is located in NORs of D- and another one
in NORs of A-subgenomes.
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Spot blotch, caused by Cochliobolus sativus, and net blotch, caused by Pyrenophora
teres f. teres are two of the most widespread and harmful diseases in barley. The
identification of genetic loci associated with resistance to both C. sativus and P. teres is
the important task for future marker-assisted selection. The goal of the current study was
to identify loci conferring seedling resistance to different pathotypes of C. sativus and
P. teres in the Siberian spring barley core collection. The collection included 96 spring
barley cultivars and lines was created. All of them were phenotyped at the seedling
stage with two C. sativus isolates (Kr2 and Ch3) and four P, feres isolates (S10.2, K5.1,
P3.4.0, A2.6.0). About 4247 % and 15-40 % genotypes were resistant to spot blotch
and net blotch, respectively. A total of 94 genotypes were analyzed with the barley 50K
[lumina Infinium iISELECT assay. 27,319 SNPs from total 44,040 SNPs passed filtering
threshold and were used for association mapping. The GLM analysis revealed 3 and
27 SNPs for spot blotch isolates (Kr2 and Ch3) and 6, 3, 29 and 3 SNPs for net blotch
isolates (S10.2, K5.1, P3.4.0, A2.6.0), respectively. In total three genomic regions on
chromosomes 1H, 2H and 3H were assisted with resistance to spot blotch and seven
genomic regions on chromosomes 1H, 2H, 3H and 6H were assisted with resistance to
net blotch. The data were assessed using PASS, Tassel 5 and R. Information of SNPs
related can be used further for development of DNA-markers convenient for diagnostics
of resistance-associated alleles in barley breeding programs.
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Wheatgrass Thinopyrum intermedium (Host) is a source of agronomically valuable
traits in wheat breeding. Using wheat-wheatgrass substituted line 4gis 1 varieties of
spring wheat Tulaykovskaya 5 and Tulaykovskaya 10 were produced. In the genome
of the cultivar Tulaikovskaya 10, chromosome of wheat 6D is replaced by the
wheatgrass 6Ai chromosome, which carries the genes for resistance to fungal diseases,
providing immunity to plants in various ecological-geographical zones. In this work
the hybridization of wheat varieties Saratovskaya 29 (C29), Novosibirskaya 15 (H15),
Novosibirskaya 31 (H31) and Novosibirskaya 67 (H67) with the variety Tulaikovskaya 10
(T10) was carried out with the aim of obtaining plants with centromere breaks of the
wheatgrass chromosome in F,, and in the longer term — plants with centric wheat-
wheatgrass translocations. The meiosis of F| hybrids was analyzed. In meiosis, centromere
breaks of chromosomes 6Ai and 6D occurred, on the basis of which a prediction was
made about the presence of 6Ai telocentrics in the F, generation. F, plants were analyzed
using MF2/MR1r2 primers to the long arm of chromosome 6AiL Th. intermedium,
Te6HS476 to the short arm of the chromosome 6AiS Th. intermedium and MF2/MR4
to the long arm of chromosome 6DL. According to PCR analysis of genomic DNA, the
frequencies and transmission patterns of chromosome 6Ai are influenced by both the
genotype of the recipient variety and the use of T10 as the maternal form. Among the
studied plants, those (66) were selected for further analysis, in which primers were only
amplified from the long or short arms of the wheatgrass chromosome. Plants F; T10 x C29
with 6AiS telocentric were grown under field conditions, they were characterized by
resistance to powdery mildew and leaf rust.

Acknowledgements: This work was supported by the grant of the Russian Science
Foundation No. 16-16-00011.
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Responsiveness is an important part of durum wheat adaptation taking that the crop is
usually sown after good preceding crop supplied with major nutrients and moisture.
For the period 1985-2018 the yield in competitive yield trails of spring durum wheat
in Ob’ forest-steppe of Altai territory sown after fallow field made up 0.1...5.1 t/ha. In
2018 durum wheat produced the highest yield for the time being — 5.6 t/ha. In previous
four years the yield of the same set of genotypes made up 3.3 t/ha. The rise of yield
was accompanied with the increase of the number of spikes per plant (+55 %), above-
ground plant weight (+85 %), grain weight of main spike (+52 %), grain weight of side
spikes (+135.3 %), grain weight per plant (+120 %). Number of kernels per spike and
1000 kernel weight increased less +17.6 % and +27.2 % respectively. Parameters of
crop density either were similar (spikes/l m2) or lower (plants/l1 m?2) than in previous
years. A mid-ripening line Hordeiforme 881 and a mid-late line Hordeiforme 748 were
top-yielders with grain yield 6.90 and 6.47 t/ha that was 1.22 and 0.81 t/ha higher that
corresponding checks had. They have advantage in above-ground plant weight, grain
weight of main and side spikes and plant as a whole and a number of kernels per spike.
Hordeiforme 881 produced kernels 4.5 g larger than check variety. Low-yielding
genotypes in favorable environments did not reach mean yield because of the lower
level of a complex of related traits with largest impact of plant weight and grain weight
of side spikes. Old local varieties made the majority of the group.
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In Kazakhstan, rusts (Puccinia graminis, P. triticiana and P. striiformis) and leaf spots
(Zymoseptoria tritici, Pyrenophora tritici-repentis, Parastagonospora nodorum) are
most common among the crucially dangerous diseases of wheat. Since 2018 science and
technology program “Development of the innovative systems for increasing the resistance
of wheat varieties to especially dangerous diseases in the Republic of Kazakhstan is
realized in the country under financial support of the Ministry of Agriculture (program
number BR06249329). The specialists in plant pathology, mycology, breeding, genetics
and molecular biology from various scientific institutions take part in implementation
of the program. As a result in 2018 sources of wheat resistance to the above mentioned
diseases have been ascertained. Among the tested spring wheat cultivars 44 genotypes
appeared to be resistant to rust and leaf spot species. New breeding lines (91) of
spring wheat were created with use of disease resistance donors. Fifty two perspective
cultivars of spring soft wheat from the breeding institutions of Kazakhstan and Russia
were studied and the cultivars with effective combinations of Lr- and Sr-genes were
revealed among them. The data of genotyping the collection of common wheat using
new genomic technologies (Illumina 20K SNP array technology) were obtained. On
the basis of a genome-wide association analysis of the soft wheat resistance to the most
dangerous diseases at the adult plant stage, 11 QTLs associated with resistance to 4 fungal
pathogens were identified. Alignment and analysis of nucleotide sequences of Z. tritici,
P. tritici-repentis and P. nodorum genes resulted in identification of polymorphic sites
that were used to develop species-specific primers ensuring highly sensitive diagnosing
of all studied fungi by PCR.
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In our work, we studied the expression of genes encoding PR proteins and redox enzymes
of wheat species Triticum aestivum L., T. monococcum L. and T. timopheevii Zhuk.,
infected by Schizaphis graminum Rond. It was detected that hydrogen peroxide performs
an important signaling function in triggering defense reaction in the short-term response
of plants to insect feeding. In the long-term response of plants to pest infection, the
processes of detoxification of reactive oxygen species, in which peroxidase and catalase
involve, were important. The processes of reactive oxygen species detoxification were
important in the long-term response of plants to pest infestation. Analysis of antibiosis
and tolerance (persistence) showed that 7. aestivum Omskaya 35, T. timopheevii k-58666
and 7. monococcum k-39471 were tolerant to S. graminum. T. monococcum k-39471
was the most resistant species. The most tolerant to S. graminum species T. monococcum
k-39471, showed the highest peroxidase activity throughout the experiment, and the
catalase activity was regulated depending on the stage of infection. It is known that
infection by aphids forms jasmonate/ethylene and salicylate-dependent defense in plants.
In our work, the expression of genes encoding PR proteins, markers and regulators of
salicylate (7TaRboh, TaPAL, Taprl, TaPrx) and jasmonate signaling pathways (7aPl,
TalLOX, TaPrx) was studied. In the early stage of infection in susceptible 7. aestivum
varieties, expression of only jasmonate-dependent genes was activated, which reflected
the response of plants to damage. In the resistant accession k-58666, expression of only
salicylate-dependent genes was activated, while the aphid practically did not reproduce.
In the tolerant accession k-39471, expression of both salicylate-dependent and
jasmonate-dependent genes was activated, while the aphid mortality rate was the highest
among all studied samples (39 %). Aphids attack set off jasmonate-dependent activation
of proteinase inhibitors and lipoxygenases in tolerant samples. Thus, salicylate signaling
pathway is probably the joint mechanism of antibiosis and repelling aphids in resistant
plant forms.
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A transition from vegetative to reproductive stage is a crucial step in the plant
development. Some plants have to undergo a few weeks of cold treatment — vernalization.
Bread wheat (7riticum aestivum L., 2n = 6x = 42), is one of the most cultivated crops
worldwide and occurs in two growth habits: a spring type and winter type. Winter
wheat varieties are characteristic for their vernalization requirement for transition from
vegetative to reproductive phase. To date, four genes controlling this process are known,
denominated as VRNI, VRN2, VRN3 and VRN4. An allelic variability in the VRN-1
gene is associated with large differences in flowering time and thus fast adaptability of
wheat to diverse locations. These changes are linked with variation at the DNA sequence
level (rearrangements in the promoter region and the first intron) and also with copy
number variation (CNV) of the genes. In addition, epigenetic modifications like DNA
methylation and histone modifications are associated with the gene expression and
triggering of flowering. We focused on the role Polycomb repressive complex 2 (PRC2)
in vernalization process. Here, we describe individual components of these complexes
in bread wheat for the first time. /n silico identification of PRC1 and PRC2 subunits in
hexaploid wheat was supported by gene expression data from RNAseq. Moreover, we
are studying influence of different sequence motives of VRN-I gene and promoter to
determine the most critical region for vernalization requirement. New molecular tools
could contribute to better understanding of molecular mechanism of this important
biological process.
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Chickpea is the second most widely grown food legume, providing a vital source of
nutritional nitrogen for ~15 % of the world’s population. With success in chickpea
domestication came an incremental loss in adaptive variation and currently genetic and
adaptive variation has nearly disappeared from elite high-yielding chickpea cultivars.
Given this perspective there is a compelling need to re-introduce genetic variation into
chickpea lines. The Vavilov seed bank contains numerous landraces collected nearly
hundred years ago, before intensive breeding of most crops, and thus is a potential
reservoir of “genomic gems” that might offer solutions for improving elite varieties.
Here we analyze the genomes and ancestral environments of ~500 of Vavilov’s original
landraces, sampled from major historic centers of chickpea cultivation and secondary
diversification. We dissect important phenotypes to their underlying genetic basis,
including large-effect genes and whole-genome smaller-effect contributions, enumerate
beneficial alleles, identify polymorphisms that assort by environment and that are
candidates for local adaptation and figure how to this standing variation can be combined
to produce improved cultivars. This knowledge could then be used to optimize chickpea
breeding.
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We have continued to identify cotton monosomic lines of the cytogenetic collection
of Uzbekistan using a well-defined tester set of translocation lines of the USA, kindly
provided by Prof. D.M. Stelly, Texas A&M University, USA. Monosomes were
identified by analyzing meiotic metaphase I configuratious of monosomic translocation
heterozygous F, hybrid plants. The tests with translocation lines showed, that the
monosomes Mo76 and Mo89 are chromosome 4 At — subgenome of cotton, because
the monosomic F, hybrids from crosses with two translocation lines TT4L-19R and
TT4R-15L had the MI pairing configurations 2411+ 111, Also the study detected, that the
monosomes Mo34 and Mo95 are chromosome 6 At — subgenome of cotton, because the
monosomic F; hybrid plants of Mo34xTT3L-6L, Mo34xTT6L-14L and Mo95xTT3L-
6L, M095xTT6L-10R had the MI pairing configurations 241+ 111, The tests indicated,
that the monosome Mo093 is chromosome 2 At-subgenome, because the MI pairing
configurations in the monosomic F; hybrid plants of Mo93xTT2R-8Ra, Mo93xTT2R-
8Rb and M093xTT2R-14R were 241+ 11 and common chromosome 2 had in all
translocations. The test showed, that the monosome Mo048 could be from chromosome
7 or 18, because in the monosomic F  hybrid of Mo48xTT7L-18R the MI pairing
configuration was 241+ 11, Molecular marker data suggested that the monosome Mo48
is chromosome 18 Dt - subgenome. The test with translocation line TT15R-16Ra pointed
out, that the monosome Mo82 could be from chromosome 15 or 16 Dt — subgenome,
because in the monosomic F; hybrid of Mo82xTT15R-16Ra the MI pairing configuration
was 241+ 11 The utilization of the translocation lines in our investigation provided the
unified numeration of the monosomes for 10 monosomic lines of the Uzbek cytogenetic
collection: one is chromosome 2 At- subgenome, two are chromosome 4 At- subgenome,
two are chromosome 6 At- subgenome, one is chromosome 18 Dt- subgenome and the
monosome Mo82 could be from chromosome 15 or 16 Dt-subgenome of cotton.
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Root stem cell niche functioning requires formation and maintenance of specific “auxin-
rich domain” governed by directional auxin transport and local auxin production. Auxin
maximum co-localizes with WOXS5 expression domain in mitotically inactive quiescent
center (QC) that separates mitotically active proximal and distal root meristems.
Columella stem cells prematurely differentiate in loss-of-function mutant woxJ5-1.
An opposite effect was observed in 35S::WOXS5-GR overexpression transgene upon
DEX treatment where columella stem cell daughters (CSCDs) do not undergo normal
differentiation. We showed that WOXS5 modulates TAA 1-mediated auxin synthesis and
PIN-mediated auxin transport in root apical meristem. We hypothesized that modulation
TAA1-mediated auxin synthesis resulted in observed changes in anatomical structure of
columella under knockout and overexpression of WOXS5 genes.

We developed 1D computational model of auxin distribution in columella with growth
and division of cells. Using the mathematical modeling approach we showed that WOX5-
dependent changes in TAAl-mediated auxin synthesis are sufficient to reproduce all
other changes observes in WOXS5 knockout and overexpression lines. We can conclude
that the main role of WOXS gene for auxin distribution is modulation of TAA1-mediated
auxin synthesis. In addition, we predicted that additional division occurred only in the
distal part of columella while the cells in the proximal part of columella remain quiescent
in 35S::WOX5-GR transgenic line. That was confirmed by experiment with kynurenine
treatment.
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Genome wide association mapping in conjunction with comprehensive epistatic scans
of the genome can help unravelling the genetic architecture of complex traits such as
grain yield and yield stability. Important genomic regions identified this way can propel
common genomics-assisted breeding strategies implemented in a breeding program
such as marker-assisted selection (MAS) and genomic selection (GS). We conducted
in-depth investigation on the above on a large set of seven cohorts of advanced bread
wheat lines (7 = 6,518) within CIMMYT elite yield trials, which were genotyped with
genotyping-by-sequencing markers and phenotyped under contrasting (irrigated and
stress) environments. Haplotype-based genome wide association mapping identified
a repertoire of beneficial alleles for GY and yield stability (superiority index Pi) in
CIMMYT germplasm on chromosomes 1A, 1B, 2B, 3B, 4A, 4B, 5B, 6B and 7B with
allelic effects ranging from 2 to 10 %. Epistatic interactions contributed to an additional
5 to 9 % variation on average. Stepwise regression of these genomic regions unraveled
the best combination of alleles that can be used for MAS. We also explored whether
integrating a subset of the consistent associations as fixed variables in prediction models
improves prediction accuracy for GY and yield stability. For GY, the model led to up
to 10 % increase in prediction accuracy in cross-validation. Lines have been identified
with different combinations of beneficial alleles to be included in crossing and line
development schemes.
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A serious problem agriculture currently faces is the decreasing variability in genetic
resources, which has resulted from the number of economically important crops being
reduced and in addition, fewer varieties of these being used in place of many traditional
varieties. Diversity in plant genetic resources provides opportunity for plant breeders to
develop new and improved cultivars with desirable characteristics, which include both
farmer-preferred traits and breeders preferred traits.

Extreme diversity of the soil and climatic conditions of Azerbaijan Republic support
a very rich diversity of plant genetic resources. To preserve and use efficiently in the
future the current genetic pool, it is necessary to evaluate the extent of this diversity by
identification and distinction of Azerbaijan barley accessions, as well as the determination
of genetic relationship between cultivated and wild relatives.

In order to investigate polymorphism resulting from monomeric prolamine and hordein,
49 wild and cultivated barley genotypes obtained from National Genbank of Azerbaijan
Republic were analyzed. Monomeric prolamins and hordeins, which are part of storage
proteins were identified by Acid-PAGE technique, using the Poperelya and Mujarinko’s
method. The difference in bands pattern can appear as an efficient tool in polymorphism.
By analyzing of the hordeins, in each region 6 different patterns were observed separately.
The average genetic diversity index for these proteins was calculated as PIC = 0.96. In
the analysis of the monomeric prolamins, 9, 7, 7, and 8 various patterns were observed
for o, v, p and a areas, respectively. Also, the calculated average of the genetic diversity
index for these proteins was the same of hordein seed storage H = 0.95.

Monomeric prolamines and hordein analyses were applied for the first time to obtain
preliminary information on genetic profile of wild type barley samples in Azerbaijan.
Our data suggests both markers are effective and reliable genetic markers for accurate
assessment of genetic variation. Our analyses revealed high diversity between
H. spontaneum and H. vulgare. Therefore, this information could be very useful for
further management of Azerbaijan barley germplasm.
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Plant cold shock domain proteins (CSDPs) are DNA/RNA-binding proteins. CSDPs
contain the conserved cold shock domain (CSD) in the N-terminal part and glycine-rich
regions with varying number of the retroviral-like zinc fingers in the C-terminus. At
present, the number of studies suggest an involvement of CSDPs in adaptation to the
abiotic stress and the role in the plant growth and development.

The primary goal of this study is to understand the role of RNA-binding protein EsCSDP3
from Eutrema salsugineum in the cold-acclimation.

Our previous study have indicated that overexpression of ESCSDP3 increase tolerance
to freezing in transgenic Arabidopsis thaliana.

RNA pull-down assay was conducted on A. thaliana with stable expression of EsCSDP3-
Halotag or Halotag only. Initial analysis determined that chimeric protein EsCSDP3-
Halotag saves ability to bind RNA with high affinity.

Rosette leaves from plants cultivated at 23 °C and then transferred to 4 °C for 3 weeks
were ground in liquid nitrogen. Whole cell extracts containing the Halo tagged bait
protein were incubated with affinity magnetic beads for 2 h at 4 °C. The beads were
washed with lysis buffer. Bound RNA-protein complexes were eluted by incubating the
beads with buffer containing TEV protease. Total RNA was prepared from either whole
cell extract or from the Halo purified samples using ExtractRNA reagent.

Comparative RNA profile were analyzed by Bioanalyzer 2100 using reagents for
total and small/microRNA. RNA was reverse transcribed and the resulting cDNA was
analyzed by PCR followed by agarose gel electroforesis.
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The studies were aimed at clarifying the question: why Fusarium culmorum in
1-4 days from seeds germination more actively colonized roots that were colonized by
Pseudomonas fluorescens, but not sterile roots. Daily and four-day exudates of sterile
barley and colonized, separately and jointly, by fungi and bacteria were obtained. The
quantitative composition of root exudates and nutrition requirements of the fungi and
bacteria was established using an ultra-efficient liquid chromatography. The effect of
barley root exudates on the ability of the fungi to colonize barley roots and the nature
of the interaction between the facultative phytopathogenic fungi F. culmorum and the
antagonistic bacteria P. fluorescens has been evaluated. It was established that glucose
is the main component of the root exudates used both by the fungi and bacteria. The
bacterial strain, more active than the fungi, utilized of organic acids and amino acids.
Similar nutritional needs of the fungi and bacteria can lead to competitive relationships
between these microorganisms. It has been established that root exudates of barley that
were colonized by P. fluorescens stimulate the growth of the macroconidium growth
tubes of F. culmorum. A comparative analysis of low molecular weight components of
root exudates showed that exudates of barley roots that were colonized by bacteria contain
a significantly higher amount of glucose and lower amounts of aromatic acids (plant
defense compounds having antimicrobial activity) than root exudates of sterile barley.
Stimulating the growth of the fungi could be the reason for more active colonization
by the fungi of the roots colonized by bacteria. It has been established that both fungi
and bacteria that colonizing the roots of barley mainly influenced on the amount of low
molecular weight exometabolites, and not the qualitative composition of root exudates.

Acknowledgements: These studies were funded by RFBR (project 18-016-00111).
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Single nucleotide polymorphisms (SNP) represent a very useful tool, used successfully
in a wide array of plant genotyping projects. There are various methods for SNP
analyses, most of which have been commercialised. The Amplifluor (Amplification with
Fluorescence) SNP method is based on competitive allele-specific PCR, similar to that
applied in KASP markers. Two steps are required to carry out Amplifluor SNP analyses:
PCR using Universal probes (UPs) and then with Gene-specific primers (GSPs), which
are developed independently. Each of the two UPs contains a fluorophore and a quencher
with a ‘hair-pin’ fragment in-between. During PCR with a DNA template containing one
of two alleles at the SNP position, the amplification with GSPs will result in the release
of fluorescence from one of the UPs. The two UPs are relatively expensive, but their
‘universality’ allows for their purchase as a ‘one-off” order that provides a stock for all
further SNP analyses. This makes the application of the UP mixture much cheaper, since
GSPs for each SNP cost the same as ordinary oligos. The significantly lower cost of
Amplifluor-like SNP markers is accompanied by a high degree of freedom, completely
‘in the minds’ and ‘in the hands’ of researchers. Various SNP genotyping studies using
self-designed Amplifluor-like markers were presented for analyses of many genes in
different plant species. Examples include: Transcription factors DREBS and NFYC-A7,
and transcriptional repressor Dr/ in wheat; intracellular vesicle trafficking genes, RabC-
GTP in chickpea; phytochrome C and SAP genes encoding stress-associated proteins
in barley; chitinase genes in sugar beet; as well as a genetic polymorphism in different
species of crested wheatgrass. All these cases provide useful ‘fuel” for further candidate
gene studies and Marker-assisted selection.
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Amaranth (genus Amaranthus) is a unique dicotyledonous plant with great potential as
a grain, vegetable and fodder crop. Oil from amaranth grain is enriched with valuable
lipid compounds, in particular, squalene, the content of which (2.2—-10 %) significantly
exceeds the content of squalene in other plant oils [1]. Squalene is widely used in
medicine: as an adjuvant in vaccines, immunomodulator and antioxidant in the complex
therapy of a such diseases as diabetes, ischemic disease, etc., as part of cosmetics [2].
The key gene in squalene biosynthesis is the gene encoding the enzyme squalene-
synthase (SQS), which catalyzes the final stage of the formation of a squalene molecule.
The aim of our work is to study the polymorphism of SOS-gene in different species of
Amaranthus, as well as to search for those features in its structure that may determine
the variation of squalene concentration in amaranth tissues. On the basis of the reference
genomic sequence of A. hypochondriacus, available in the GoGe database (1d40120;
https://genomevolution.org/coge/) we have established a nucleotide sequence of the
SOS-gene and designed specific primers for the promoter (~1 kbp upstream ATG-codon)
and coding regions of this gene. As the latter, a region between exons 5 and 9 was
taken, containing 3 functionally conservative domains. Using these primers, isolation
and analysis of primary structure of the SOS-gene in various species, the representatives
of the “grain” amaranth (4. hypochondriacus, A. cruentus, A. caudatus) and their wild
predecessors was carried out. The association of revealed structural polymorphism of
SOS-gene with squalene concentration in amaranth grain tissue was analyzed.
Acknowledgements: This work were supported by project No. 0324-2019-0039.
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The gene pool of bread wheat wild relatives is used to transfer genes for resistance to
biotic and abiotic stresses. It can serve also as a source of genes for improving the wheat
grain quality. Functional alleles of Gpc-B1 gene (chromosome 6BS) of the wild tetraploid
T dicoccoides were introduced into commercial cultivars of tetra- and hexaploid wheats,
resulting in the development of new high-protein and high-yielding genotypes. Earlier,
we studied the line 821 of bread wheat with introgressions from 7. timopheevii into the
short arms of chromosome 2A, 2B and long arm of chromosome 5A. The aim of this
work was to obtain a line of bread wheat with a single introgression on 2B chromosome
from 7. timopheevii and its assessment in terms of grain quality parameters and yield
components. The transfer of the desired chromosome into the genetic background of
Saratovskaya 29 (S29) cultivar was done using the backcrossing to the corresponding
monosomic line of this cultivar. Chromosome substitution correctness was monitored
using cytological analysis of hybrids, as well as using the microsatellite markers. In
preliminary studies, in greenhouse conditions, the S29 (821 2B) line increased the
amount of gluten in grain by more than ten percent compared to the control cultivar.
Yield components were evaluated in the line and control under normal and restricted
water supply in greenhouse conditions, as well as under natural field growing. Gluten
content in grain and milling grain parameters were determined. Additionally, the field
grain material was evaluated for the physical properties of dough on alveograph. The
line retains a high gluten content and physical property of the dough corresponding to
the strong-flour parent S29. Breeders can use the line as a material for improvement of
grain quality in newly created wheat cultivars.

Acknowledgements: This study was supported by RSF (No. 16-16-00011-IT).
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The research object was the set of 150 accessions, which comprises: CIMMY T synthetic
wheat lines with Ae. tauschii genome (44 accessions); synthetic lines from Kyoto
University (14); spring bread wheat varieties from the USA and Canada (15); varieties
and lines of Omsk State Agrarian University (18), varieties and lines of Omsk ARI (17);
wheat varieties of network KASIB-18 from Russia and Kazakhstan (42). The SNPs with
MAF less than 5 % and missing data more than 20 % were removed from the analysis.
After filtering, 46.268 SNP markers of 143 accessions were used for genetic diversity
analysis. The GBS derived SNPs were well distributed across the 21 chromosomes. The
B genome had the highest number of SNPs (17.309, ~37 %), followed by the A genome
(15.776, ~34 %), and the D genome (13.183, ~29 %). There were 1.258 SNPs located
in scaffolds that are not anchored to any of the chromosomes. The number of SNPs
per chromosome ranged from 808 (4D) to 3.148 (2B). A total 143 accessions were
evaluated on 35 economically valuable traits under field conditions in Omsk in 2017 and
2018 for genome-wide association study. GWAS detected 243 MTAs distributed across
21 chromosomes for traits with phenotypic variance explained (PVE) ranging from
0.3 % to 25.0 %. The highest number of MTAs was detected in the A genome (72), the
B genome (65), and the D genome (62). Thus, for the first time in the Russian Federation
genome-wide association study under conditions of Western Siberia was carried out.
Were identified 243 MTAs associated with 35 economically valuable traits. Some of
identified MTAs were reliable in both research years, and had a pleiotropic effect on
2—4 traits at the same time. The markers associated with these traits were identified.
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Body shaping in multicellular organisms depends on the activity of distinct stem cell
niches coordinated over long distances. Radial growth of plant shoots and roots is a
stem cell-driven process fundamental for the mechanical and physiological support of
enlarging plant bodies. In most dicotyledonous species, the underlying stem cell niche,
the cambium, displays a strictly bifacial character generating xylem (wood) inwards and
phloem (bast) outwards. Despite its importance and intriguing dynamics, the functional
characterization of cambium stem cells was hampered by the lack of experimental tools
for accessing distinct cambium sub-domains. Investigating the hypocotyl of Arabidopsis
thaliana, we mapped stem cell activity in the proliferating cambium. Through pulse-
labelling and genetically encoded lineage tracing, we established different transgenic
markers defining a proximal, a central and a distal cambium domain. We further
demonstrated that the proximal domain represents a site of xylem formation and the
distal cambium domain contains cells determined for phloem development. Moreover,
using tissue-specific transcriptomics, chromatin analysis and local genetic perturbation,
we unravelled regulatory circuits specifically regulating the transition of common stem
cells to xylem or phloem tissues. Thereby, our analysis provides a cellular fate map of
a strictly organized plant meristem and reveals determinants instructive for a bifacial
tissue production.
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Wheat is one of the most widely consumed food crops in the world, in which many studies
have been conducted on quantitative and qualitative traits, to improve its productivity.
In this study, we have evaluated the genetic diversity of agricultural traits in the wheat
genetic resources, which was collected and preserved at the National Agrobiodiversity
Center to improve their utilization. A total of 450 wheat genetic resources, which was
collected from Afghanistan, China and India were used in the study. The wheat genetic
resources were planted and investigated with agricultural traits such as number of days
to maturity, culm length, and ear length in between 2017-2018. Among the 450 wheat
accessions, 16 accessions had the shortest number of days to maturity (209 days); the
remaining 15 accessions except India K215537 were from China. In the culm length,
China K141112 showed the shortest with 49.7 cm, while India K199831 was the longest
with 152 cm. Similarly, 10 Chinese accessions, in which China K250987 showed the
longest ear length with 15 cm, 4 Afghanistan accessions and an Indian accessions showed
longest ear length. The mean number of days to maturity according to the collection area
was 217.9£5.6 days in Afghanistan, 214.4+6.6 days in China, and 216.3+6.3 days in
India. The mean culm length was 131.2+30.4 cm in Afghanistan, 95.2+52.0 cm in China,
111.4£24.0 cm in India. Similarly, the ear length was 10.1£3.0 cm in Afghanistan,
9.8+£3.5 cm in China and 9.3+2.2 c¢m in India. The distribution of agricultural traits in
the wheat genetic resources showed wide genetic diversity in Chinese resources, which
is probably due to the China’s various climatic zones. The results of this experiment
could provide basic information for the development of wheat varieties, such as lodging
tolerance including early-maturity varieties.
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Formation of new genomes requires creation of effective ways of extraction, storage,
analysis and interpretation of omics data. Currently existing file systems with scripting
languages require a fairly deep knowledge of bioinformatics, which makes it difficult
to use such systems are not bioinformatics. The report considers the unified automated
information system for the formation of highly structured representations of plant
genomes and proteomes based on the technology of databases and knowledge bases. The
developed system is equipped with an intelligent interface to work with omics data on
the basis of semantically understandable terms (DNA, genes, transcripts, exons, introns,
mRNA, proteins, metabolites, reactions, metabolic pathways, etc.), forming ontological
knowledge of the subject area, and does not require programming knowledge. The
system is based on the restructuring of the primary omics data of the world portals
(NCBI, EnsemblPlants, etc.), represented by text formats (FASTA, TXT, XML), indexed
highly structured database format with storage on a local server or personal computer.
The system can also work with experimental data obtained during genome sequencing
and/or proteome mass spectrometry. The restructuring and local storage of data, in turn,
ensure the system’s autonomous operation and high performance. Periodically, the data
is updated in an automated mode with connection to the world portal. The system has
extensive functionality of working with omics data: access DNA, genes, transcripts,
proteins up to nucleotide or amino acids with their coordinates; search and transformation
omics data; modeling of signaling and metabolic pathways; the search for motifs of
transcription factors; modeling of mutations at the level of genes, transcripts, proteins.
Setting up the system for a new genome is carried out in an automated mode and includes
the following stages: loading file data from ftp-portals; restructuring and indexing the
loaded omics data format of databases; coding data; automatic translation of genes into
proteins. Minimum memory requirements: RAM from 4 GB, disk memory of 500 GB.
The system can be used for both research and education.
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Chlorophyll is a plant pigment involved in photosynthesis. Abnormalities in chlorophyll
synthesis lead to albinism and premature death of the plant. However, cases of partial
albinism are known. Such plants are a perfect model to investigate specific details of
chlorophyll biosynthesis, plastid development, and interaction of plastid and nuclear
genomes. An example of plant with partial albinism is a Hordeum vulgare nearly
isogenic line i:BwA/m which contains a mutant allele of gene A/m located in the short
arm of chromosome 3H. However, neither structure of the gene nor its functions are
currently known. Microscopic analysis was implemented for phenotypic characterization
of i:BwA/m line. Total mRNA of the i:BwA/m line and control Bowman isogenic line
was sequenced using lonTorrent platform, and computational analysis was performed in
order to identify genes involved in the process. Most of the differentially expressed genes
are down-regulated in i:BwA/m line. Among these are genes that take part in chlorophyll
biosynthesis, photosynthesis and nitrogen utilization. Down-regulation of genes located
in plastid genome was observed. Additionally, de novo transcriptome assembly was
performed, and putative new barley genes were predicted.

Acknowledgements: This work was supported by RSF project 18-14-00293.
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Anthocyanins play important role in plant-environment interactions including protection
of plant against stress. Due to convincing data on their health benefit, there is steady
tendency to increase anthocyanin content in food. Particular attention in this aspect
is payed to breeding new varieties of cereals with high anthocyanins content in grain
that is not possible without knowledge of genetic control of its biosynthesis, diversity
of the pigmentation patterns and sources of valuable genes. In wheat and barley, the
pigments can be accumulated in pericarp and aleurone, imparting, respectively, purple
and blue color to grain, as well as in vegetative parts of plant. Here we identified the
full sets of genes encoding flavonoid biosynthesis MBW regulatory complexes that
activate anthocyanin synthesis in tissue-specific fashion in wheat and barley. Using sets
of near-isogenic lines differing by pigmentation we revealed features of anthocyanin
biosynthesis regulation in the two related species. Although the metabolic pathway is
universal, there are differences among species in regulation of structural genes encoding
enzymes of the pathway. In addition, we noted that wheat and barley genotypes differ
by the presence of pigmentation and its intensity that we assume to be caused by allelic
diversity of regulatory genes. Studying accessions of different Triticeae tribe species from
VIR collection, we found that dominant alleles of some genes determining anthocyanin
pigmentation are widely distributed among the accessions investigated (eg. TaCI and
HvAntl, controlling red color of coleoptile and leaf sheath, respectively), whereas some
of them are rare and have local origin (eg. TuMycl, determining in conjunction with
TaC1 purple color of grain).

Acknowledgements: The study of anthocyanin synthesis in wheat and barley was
supported by the grants of RFBR 19-016-00140 and 18-416-543007, respectively.
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We have established that one of the most important functions of the ancient progesterone
system of steroid hormonal regulation preserved in plants along with the brassinosteroids
is protection from biotic and abiotic stresses. It is shown that the expression of the
mammalian CYP1IA1 cDNA of cytochrome P450,. in transgenic tomato plants
increases their resistance to a wide range of biotic stress factors: phytopathogens Botrytis
cinerea, Alternaria spp., Oidium neolycopersici and Cladosporium fulvum. Plants of
line No. 7 in the generations T1 to T3 showed almost no signs of infections by all the
above mentioned pathogens: vegetative organs of plants remained intensely green before
the end of the vegetation period, which ceased only with the onset of frost. Elevated
synthesis of endogenous progesterone increases resistance of Solanaceae plants (tomato,
tobacco) also to abiotic stresses (drought, salinization). We even have observed the
phenomenon of targeted protection of mitochondria of mesophyll cells in CYPIIAI
transgenic tobacco plant leaves after NaCl-induced stress damage (Proc. Latv. Acad. Sci.
Section B., 2018;72(6):334-340). Taken together, our data indicate that progesterone
system of hormonal regulation in higher plants (BMC Plant Biol., 2017;17(Suppl 1):189)
is important for nonspecific, general protection against biotic and abiotic stresses.
Mitochondrial cytochrome CYP11A1 is able to provide direct protection of these cell
organelles in the leaves of plants under salinity treatment.

Acknowledgements: The work was supported by grants from the Russian Foundation for
Basic Research (projects No. 18-04-01262 and No. 18-54-00038) and BRFBR (project
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The family Musaceae comprises genera Musa, Ensete and Musella. While Ensete
(2n = 18) and Musella (2n = 18) are represented by a few and one endemic species,
respectively, genus Musa contains about 70 different species. Based on plant morphology
and basic chromosome number, Musa species are classified into four sections. The largest
of them, Eumusa (x = 11) comprises most of edible banana cultivars. They originated by
intra- and inter-specific crosses between wild diploids M. acuminata and M. balbisiana.
The section Rhodochlamys (x = 11) contains ornamental species, which are closely
related to those of Eumusa. The section Australimusa (x = 10) is represented by species
growing in Southeast Asia and contains a peculiar group of edible banana clones known
as Fe‘i. The section Callimusa is the most diverse and contains species differing in
basic chromosome number (x = 9, 10) and species which seem to be closely related to
Ensete and Musella. In order to analyze chromosome structure and karyotype evolution
in Musaceae, we used the recently developed method of oligo painting FISH. Pools of
chromosome arm-specific oligomers were designed using the reference genome sequence
of double haploid M. acuminata ‘DH Pahang’. The oligomers were labeled using reverse
transcription either by hapten- or fluorescently-labeled primers and used for FISH in a
set of accessions representing different subspecies of M. acuminata, in M. balbisiana,
and their intra- and inter-specific hybrids. The oligo painting probes were also tested
for their suitability to detect chromosome rearrangements in more distant species of the
family Musaceae. The chromosome oligo painting enabled anchoring pseudomolecules
to individual chromosomes, creation of molecular karyotypes and identification of large
structural chromosome rearrangements. The method of oligo painting FISH thus opens
avenues for comparative analysis of structural chromosome changes to shed light on
karyotype evolution in Musaceae.

Acknowledgements: This work was supported by the Grant Agency of the Czech
Republic (award No. 19-20303S). The computing was supported by the National Grid
Infrastructure MetaCentrum (grant No. LM2010005 under the program Projects of Large
Infrastructure for Research, Development, and Innovations).
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The leaf pubescence serves as a mechanism of adaptation to adverse environmental
conditions by forming a near-surface protective layer that delays air currents and scatters
solar radiation. In bread wheat, the trait is controlled by dominant genes in chromosomes
4B and 7B. T timopheevii species has rare but very long pubescence. The introgressive
line 821 carries this new type of pubescence and contains the fragment from 7. timopheevii
on 5A chromosome marked with the Xgwm 79 microsatellite marker. This pubescence
was introduced into the single chromosome substitution lines for 5A chromosome of two
cultivars, Saratovskaya 29 (S29) and Diamant 2 (Dm2), contrasting for leaf pubescence
and drought tolerance. The effect of this introgression on a number of physiological
parameters has been established. In the line Dm2(821 5A), the stomatal conductance
and transpiration rate decreased by 2.5—4 times under normal irrigation and drought,
the photosynthetic activity decreased by about a quarter, and the water use efficiency
(WUE) doubled in comparison with the poorly haired recipient. This introgression
practically did not affect the physiology of S29 under normal watering. However, under
drought conditions, S29(821 5A) more than doubled the stomatal conductance and the
rate of transpiration. The WUE more than doubled, while the photosynthetic activity
remained at the same level. The productivity parameters of the line S29(821 5A) did not
differ significantly from the recipient under normal watering. The line Dm2(821 5A)
surpassed the recipient by one and a half times for the weight of grain and the number
of grains from the plant. Under drought, the plants of both substitution lines switched
to a moisture saving mode, and reduced the productivity more than the recipients did.
Chromosome substitution increased the raw gluten content in grain by a quarter in S29
and to some extent in Dm?2.

Acknowledgements: This study was funded by RFBR grant No. 18-04-00481.
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Plant genetic resources (PGR) are the foundation of agriculture as well as food and
nutritional security. The ICAR-NBPGR is the nodal institution at national level for
management of PGR in India under the umbrella of Indian Council of Agricultural
Research (ICAR), New Delhi. India being one of the gene-rich countries faces a
unique challenge of protecting its natural heritage while evolving mutually beneficial
strategies for germplasm exchange with other countries. The Bureaus activities include
PGR exploration, collection, exchange, characterization, evaluation, conservation and
documentation. It also has the responsibility to carry out quarantine of all imported
PGR including transgenics meant for research purposes. The multifarious activities
are carried out from ICAR-NBPGR headquarters and its 10 regional stations located in
different agro-climatic zones of India. It has linkages with international organizations of
the Consultative Group on International Agricultural Research (CGIAR) and national
crop-based institutes to accomplish its mandated activities. NBPGR collects and
acquires germplasm from various sources, conserves it in the Genebank, characterizes
and evaluates it for different traits and provides ready material for breeders to develop
varieties for farmers. ICAR-NBPGR encompasses the National Genebank Network and
at present, the National Genebank conserves more than 0.40 million accessions. NBPGR
works in service-mode for effective utilization of PGR in crop improvement programmes
which depends mainly on its systematic characterization and evaluation, and identification
of potentially useful germplasm. NBPGR is responsible for identifying trait-specific
pre-adapted climate resilient genotypes, promising material with disease resistance and
quality traits which the breeders use for various crop improvement programmes. The
system has contributed immensely towards safeguarding the indigenous and introducing
useful exotic PGR for enhancing the agricultural production. Presently, our focus is on
characterization of ex situ conserved germplasm and detailed evaluation of prioritized
crops for enhanced utilization; assessment of impact of on-farm conservation practices
on genetic diversity; genome-wide association mapping for identification of novel
genes and alleles for enhanced utilization of PGR; identification and deployment of
germplasm/landraces using climate analog data; validation of trait-specific introduced
germplasm for enhanced utilization. Gene banks have often, through necessity, focused
mainly on the immediate but long-term conservation of plant genetic resource activities.
There is currently a major gulf between the operations of PGR collections and modern
plant breeding. The conservation of genetic resources must be linked to their increased
and sustainable use if they are to play a key role in climate change adaptation. This
could be achieved through active engagement with all stakeholders in order to assure the
functionality of the entire “Genetic resource-chain”. The recent progress in genomics has
opened up enormous possibilities, both for introgression of specific traits and for base
broadening in pre-breeding. Development of molecular markers since 1980s has seen
a striding development from RFLPs to SNPs because of progress in high throughput
genomics at very low costs. A few case studies on alien introgression in rice, wheat,
lentil, and Brassica involving use of genomics tools for rapid introgression of desirable
variability from un-adapted germplasm to high yielding varieties in India and their
commercialization will be presented.
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The coordination of nuclear and organelle genomes is substantial for functioning
of green plants, especially for coadaptation of plants to different environmental
conditions. Intensive use of next generation sequencing technologies for nuclear
genomes exploration allowed to accumulate the tremendous amount of data about
various organisms. Organellar genomes are studied not so intensively. Alloplasmic
lines are the suitable model for evaluation of functioning the same nucleus on different
cytoplasms, revealing the effects of nuclear-cytoplasmic interactions. The collection of
alloplasmic lines of barley Hordeum vulgare with cytoplasm of Hordeum spontaneum
was created and studied in our laboratory in the pre-NGS time. At present we performed
the isolation of chloroplast and mitochondrial DNA of 12 samples from this collection,
and sequenced them on Illumina MiSeq. Quite novel data were obtained concerning the
variability of Hordeum chloroplast and mitochondrial genomes. Totally 6 indels, 58 SNP,
15 SSR in cpDNA were detected between studied set of samples. The most important
data were verified by Sanger sequencing. Concerning the plastid DNA, the alloplasmic
lines with W8 cytoplasm and different nucleus grouped in one subcluster. The lines
with W3 and W4 cytoplasms demonstrated dissimilarities in clusterization depending
on the definite nucleus genomes, varying cpDNA types were detected. Mitochondrial
genome sequencing revealed similar trend, but the level of variability was much lower.
The cause of observed differences in the organelle genomes of alloplasmic lines with
the cytoplasm from the same source and different nucleus is not clear. Probably it is
the initial heterogeneity of cytoplasms in the samples of wild barley taken for creation
of alloplasmic lines or it alternatively may be the outcome of some organelle genome
modifications during the coexistence of a new combination of nucleus and cytoplasm.
So, next generation sequencing of organellar DNAs gives new breakthrough for analysis
of the chloroplast and mitochondrial genomes. Revealing the organellar variability
facilitates further development of our knowledge about nuclear-cytoplasmic interactions.
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Cold or chilling stresses are severe environmental factors affecting plant growth and
development, limiting crop productivity and influencing geographical distribution of
plant species and varieties. The evolution of plants from temperate regions has resulted in
the emergence of several mechanisms contributing to their cold resistance. Among them
cold acclimation, when plant adaptation to chilling temperature makes them tolerant to
freezing. Molecular and physiological processes underlying cold response and tolerance
are widely studied. However, current knowledge is incomplete and contradictory. The
aim of this study is to overview the data on chilling-stress induced gene expression with
the help of systems biology methods. For this, we perform meta-analysis of all available
chilling-stress-induced transcriptomes in Arabidopsis thaliana from different studies
and compare them with the data on 370 TF binding regions. Totally, from 30 microarray
and 10 RNA-seq experiments we found half of Arabidopsis genome to be differentially
expressed in response to cold at least in one experiment. Among them, the most robust
genes were selected to reconstruct the gene network. TFs which binding regions were
overrepresented in the differentially expressed genes provide a new dimension to the
network. Functional annotation of chilling-stress induced genes and their comparison
with the phytohormones metabolism and signalling pathways provided us a clue for the
molecular mechanism of cold acclimation.

Acknowledgements: The work was supported by Russian Science Foundation 18-74-
10008.
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Effective breeding rust resistant wheat varieties relies on monitoring efforts that include
field screening of pathogen gene structure and seedling tests conducted in quarantine-
equipped laboratories. Since 2009, stem rust has appeared among the pathogenic complex
in Western Siberia, causing significant damage to wheat crops. A list of avirulence
genes identified in the rust population is desirable in order to focus on complementary
Sr-resistant genes that can be used in a breeding program. Disease incidence and severity
were assessed in Novosibirsk region during 2016-2018. Stem rust responses of wheat
varieties with known Sr-genes (more than 64 entries) were recorded at post-flowering
stage using the Roelfs’ scale (1992). Infection types (ITs) on seedlings were recorded in
14 days after inoculation addressed to Stakman’s scale (1962). Based on field screenings,
stem rust population local in Novosibirsk region is polymorphic for most of known
avirulence genes. No polymorphism was revealed for genes avirulent to wheat lines
with Sr9e, Sr20, Sr28, Sr29, Sr32, Sr33, Sr39, and Sr2 complex. After the seedling test
of 20 differential lines, there were polymorphic genes avirulent to Sr7b, Sr6, Sr8a, Sr9b,
Sr9e, Sr21, Sr30, Sr36 and non-polymorphic genes avirulent to Sr/1, Sr24, Sr31, SrTmp
revealed in the local stem rust population. The twelve wheat resistant genes Sr9e, Srii,
Sr24, Sr20, Sr28, Sr29, Sr31, Sr32, Sr33, Sr39, Sr2 complex, and SrTmp are considered
effective against stem rust pathogen in Novosibirsk region.

Acknowledgements: The study has been supported by the Budget project 0259-2019-
0001 and RFBR grant No. 17-29-08018.
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Potato (Solanum tuberosum L.) is the fourth most important crop plant worldwide
and its economically most important disease, late blight, is caused by an Oomycete,
Phytophthora infestans (Mont.) de Bary. Breeding potatoes resistant to this disease is a
valid and environment-friendly alternative to the currently applied intensive chemical
control. The pathogen is fast-evolving and can quickly adapt and infect new resistant
cultivars of the host. Therefore new strategies of using late blight resistance (Rpi) genes
in improving durability of the resistance are developed. They are all based on the access
to multiple broad-spectrum Rpi genes. In Plant Breeding and Acclimatization Institute —
National Research Institute, Mtochow Research Centre, four Rpi genes were identified
and introduced into potato pre-breeding program: Rpi-phul from S. phureja from
International Potato Center (CIP), Rpi-rzcl from S. ruiz-ceballosii and Rpi-mchl from
S. michoacanum from Vavilov Collection (St. Petersburg, Russia) as well as the Rpi-
Smiral gene from the cultivar Sarpo Mira. The genes were mapped on a potato genetic
map and markers are used for marker-assisted pyramiding of the genes. The Rpi-phul
has been cloned and sequenced and we use gene-derived marker for selection, while
for other genes we use closely linked markers. Spectrum and durability of provided
resistance is monitored in the Polish population of P. infestans in virulence detached
leaflet tests. The effect of pyramiding is tested both in the laboratory and in the field tests.
Using qPCR we test the expression of the Rpi-phul gene and the corresponding effector
during the host-pathogen interaction for better understanding of virulence/avirulence.
The first cultivar with the Rpi-phul gene has been registered in Poland by the Zamarte
Potato Breeding Ltd. Group IHAR in 2018, ca 48 years after arrival of gene donor from
CIP to Poland which demonstrates that introgression breeding is a long, laborious and
challenging process.

Acknowledgements: The research was funded within the G2P-SOL project (Title: Linking
genetic resources, genomes and phenotypes of Solanaceous crops) which has received
funding from the European Union’s Horizon 2020 research and innovation programme
under grant agreement No. 677379.
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Tomato fruit ripening is a complex process characterized by dramatic physiological
and biochemical changes. It determines crop yield, and fruit color, flavor, dry matter
content and shelf life. RIPENING INHIBITOR (RIN) is one of the main ripening
adjusters controlling ethylene biosynthesis, cell-wall metabolism, sugar and secondary
metabolite accumulation, and transcription factors expression. Wild and cultivated
tomato species (Solanum sect. Lycopersicon) are known to be the most suitable model
system to understand the mechanism of fleshy fruit ripening. The section Lycopersicon
includes cultivated tomato S. /ycopersicum and 12 wild relatives that differ significantly
in fruit physiology. In this work, biochemical and expression analysis of red-fruited (RF)
and green-fruited (GF) tomato species during ripening was performed. HPLC analysis
showed that RF fruits accumulate glucose and fructose and change color from green to red
as a result of carotenoid synthesis. Ripe fruits of GF tomatoes accumulate sucrose and are
green due to the absence of carotenoids. The expression pattern of genes encoding RIN,
sucrose hydrolyzing TAI (vacuolar invertase) and carotenoid-related PSY (phytoene
synthase) was analyzed at four fruit developmental stages in GF and RF species. It
was shown that the absence of sucrose degradation and carotenoid accumulation in GF
species is due to the loss of T4/ and PSY expression, at the same time the expression
level of their activator RIN was high. Structural analysis revealed that in RF species,
each of TA7 and PSY promotors contain two RIN-binding sites, while in GF species, only
one of two possible. Thus, the polymorphism of TA/ and PSY promotor regions in RF
and GF species may determine the differences in fruit morphophysiology.
Acknowledgements: The study was supported by Ministry of Science and Higher
Education of the Russian Federation and Russian Science Foundation (No. 19-16-
00016).
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Tomato is one of the most important crop plants. A genetic modification of tomato has
continuously expanded in recent years to include enhanced tolerance to biotic and abiotic
stresses and improved nutrition and tastes of the fruit. Promoter is an important part of the
genetic construct, which largely determines the pattern of transcription of the transgene.
Apart from a strong constitutive CaM V35S promoter, a toolbox of promoters with defined
specificities is necessary for efficient expression of transgenes. More than 170 gene
promoters of different plant species have been investigated for their stress-inducible,
developmental- and tissue-specific expression in tomatoes. Pollen-specific promoters
may be used for a hybrid seed production. RNAI silencing of S-adenosylmethionine
decarboxylase genes under the control of tapetal-specific AtA9 promoter results in

male sterility of tomato plants. PSEND1 and LeFRK4 promoters fused to a cytotoxic
ribonuclease gene also produced efficient male-sterility in tomatoes. For fruit quality
improvement, MdACO, PpACO, and AcMADSI1 promoters may be used. Le2All
promoter was used for hepatitis B virus large surface antigen and other target genes
expression in tomato fruits. Over-expression of mouse ornithine decarboxylase gene
under the control of Le2A11 fruit-specific promoter enhances fruit quality in tomato.
Root-specific AtNRT2.1 and AtRB7 promoters were used to drive the expression of the
antifungal N/C and Thi2.1 genes. Resulting tomato plants conferred enhanced resistance
to Fusarium oxysporum and Ralstonia solanacearum. CYP97A29, DFR, FLS, NIK
and PMEI promoters displayed different activity patterns in nematode-infected and
uninfected transgenic hairy roots. Expression of LeBADH gene under control of its
own promoter can increase salt tolerance without affecting plant growth. TGP database
gathers information on constitutive, tissue-specific, and inducible promoters, the activity
of which has been characterized in transgenic plants. The TGP database interface enables
searching for promoters with certain characteristics. The TGP database allows to select
promoters with the desired stress- and tissue-specific activities for transgene expression
in tomatoes.

Acknowledgements: The work was supported by a budget project No. 0324-2019-0039.
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Vigna radiata and Vigna mungo are two important Asian pulse crops, important as dried
seeds, sprouts, and in the green form as vegetables. Among the merits of these crops is
the presence in seeds of at least 25 % protein and essential aminoacids such as lysine,
histidine and tryptophan, which are not produced by the human body, many vitamins and
minerals. With good heat and drought tolerance, these crops are often grown as summer
pulses in contrast to winter pulses such as chickpea and lentil, making them important
for food security and nutritional diversity in many parts of Asia. The World Vegetable
Gene Bank, in Taiwan, houses a unique genebank of green gram (Vigna radiata).
Phenotyping of 293 accessions of the mini-core collection of green gram (Vigna radiata)
from the World Vegetable Gene Bank (Taiwan) at Kuban experimental station of VIR
in 2018 revealed a wide range of inter-varietal variability. Genotyping by sequencing of
these accessions from different countries identified 8,466 segregating single nucleotide
polymorphisms (SNP). We performed Genome-wide association study (GWAS) to
find associations between SNPs and phenotypic data obtained at Kuban experimental
station. GWAS analysis identified a large number of genome intervals and potential gene
candidates that may affect important agronomic traits.
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The most common cereal in the 20th century was maize (Zea mays ssp. mays, 2n =
= 2x = 20). In the 21st century, its production in the world reached 1 billion tons and
continues to increase annually. First of all, this is due to the high adaptability of its
cultivation and the fact that being a C, plant of the photosynthesis pathway, it most
effectively transforms solar energy into plastic substances. One of the problems
associated with its cultivation, is the need for annual production of F1 hybrids, because
they are more productive. For a long time, researchers tried to consolidate heterosis
by transferring the corn to a cornless way of reproduction from a wild relative, the
gamagrass (Tripsacum dactyloides, 2n = 4x = 72). However, contrary to expectations,
this trait was under complex genetic control and its expression requires the presence of
9 chromosomes of the wild relative, therefore, the resulting plants are far from maize.
In this regard, we propose to create apomictic 56-chromosomal maize hybrids with
gammagrass (2n =4x =56 =20 Zm + 36 Td). As the source of the genomes from maize,
the maize lines used in hybrid selection for heterosis in F1 are taken. At present, such
hybrids have been obtained, but they are male-sterile, and forced pollination of corn
is required to obtain seeds. Nevertheless, we believe that these hybrids have so many
beneficial economic traits that the work of identifying pollen-producing plants among
them is justified and should be expanded and continued. First of all, these hybrids are salt
tolerant and do not suffer from short-term waterlogging, and are also resistant to many
infectious diseases and other biotic pests. Since the maize genome is unusually dynamic,
the successful breeding improvement of such hybrids is fully justified.
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We have analysed plastome sequences of twelve wild and cultivated Allium species (ten
of them were sequenced, assembled and annotated in our lab). We have found some
plastome features that are characteristic for species of three evolutionary lines of the genus,
i.e. reflect evolution processes. In general the number and position of genes were similar,
but A. paradoxum plastome sequence differed markedly from other Allium species. It had
a large 4,825 bp long inversion in the SSC region and showed loss of pseudogenization
of all genes encoding the NDH complex. The functional role of ndh genes in plants is
presumably related to adaptation to different habitats, because this complex is required
to optimize photosynthesis. In ndh defective plants the photosynthesis rate decreases
under excess light stress conditions. Naturally 4. paradoxum occurs in shady forests
and does not grow in open areas or at forest edges. We assume that the shade-loving
nature of A. paradoxum is caused by ndh genes impairment (as a result of NDH complex
interruption). No one of other analyzed Allium species demonstrated the same features,
including phylogenetically related shade-loving 4. ursinum.

Acknowledgements: This work was supported by the RFBR grant number 18-04-01203.
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As a result of morphogenesis features and evolutionary development pathway, among
eukaryotic organisms, epigenetic variability is most effectively employed by plants.
Double stranded RNA directed gene silencing (also referred as RNA-interference) is a
biological mechanism present in all eukaryotes and known as one of the central anti-viral
defence mechanisms in plants. In this system produced by viral RdARp double stranded
RNA molecules are recognized by PTGS system and cleaved into small interfering
RNA by RNase like III enzyme DICER. Following then, these siRNA molecules are
loaded into RISC complex, which leads to the post-transcriptional gene degradation or
“silencing arrest”. Viral protein p19 encoded by Tombusviridae family member Tomato
bushy stunt virus suppresses silencing system by binding with short interfering RNA.
This protein widely used in RNA-interference studies, because it binds with high affinity
to 21-24 nt dsRNA in sequence-independent manner. We used mechanic inoculation of
model plants Nicotiana benthamiana by Tomato bushy stunt virus and its p19 deficient
mutant to study the levels of siRNA circulation during infection. After infection of
plants we isolated total RNA from tissues and polyacrylamide gel electrophoresis with
urea was done to detect and segregate siRNA. Then we transferred RNA molecules to
the membrane and incubated them with DIG. The purpose of this work is to study the
effect of viral infection on the generation of a pool of siRNA molecules in plant tissues
compared to uninfected plants.

Acknowledgements: This work was supported by a research grant No. AP05135633 from
the Ministry of Education and Science, Republic of Kazakhstan, No. BR05236574 from
the Ministry of Education and Science, Republic of Kazakhstan.
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The time of heading of wheat is an important factor that determine the adaptation of
plants to environmental conditions. The heading time of spring wheat is determined by
genes that control the plant reaction to vernalizing temperatures (VRN — vernalization
genes), and photoperiod sensitivity (PPDI — photoperiod response genes). The different
combinations of alleles of these genes result in different heading time. Marker-assisted
selection enables to accelerate the development of spring wheat forms, differing in
heading time. Using the results of the analysis of the allelic variation of the VRN and
PPDI genes in Siberian spring wheat varieties, we selected the early Tulun 15 variety,
with photoperiod insensitive Ppd-Dla and rare Vin-B3a allele, associated with early
flowering. The cultivar Tulun 15 was crossed with the middle early cultivar Obskaya 2.
Using allele-specific primers F, generation plants with different combinations of VRN
and PPD] alleles were detected. These plants were divided into four haplotypes. The
F; generation plants resulted from self-pollination of these plants were sown in the field
to study the effect of the haplotypes on the heading time. The time from germination to
heading of the plants with different haplotypes was as follows: haplotype 1 (Vin-Ala
Vin-Blc vin-D1 Vin-B3a Ppd-Dl1a) — 34.5 days; haplotype 2 (Vin-Ala Vin-Blc vin-D1
vrn-B3 Ppd-Dla) — 37.3 days; haplotype 3 (Vin-Ala Vin-Blc vrn-DI1 Vin-B3a Ppd-
D1b)—38.0 days; haplotype 4 (Vin-Ala Vin-Blc vin-D1 vrn-B3 Ppd-D1b) —40.3 days;
Tulun 15 (Vin-Ala Vin-Blc vin-D1 Vin-B3a Ppd-D1a)—37.5 days; Obskaya 2 (Vrn-Ala
Vin-Blc vin-D1 vin-B3 Ppd-D1b) — 42.9. The results obtained demonstrated that Vin-
B3a and Ppd-D1a alleles accelerate heading of plants with the same allelic composition
of Virn-Ala, Vin-Blc, and vin-D1 genes in the long day conditions of Novosibirsk region.
Acknowledgements: The study has been supported by the Budget project 0324-2019-
0039.
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Duration of the interphase period “shoots—earing” of two groups of octaploid (8x)
and a group of hexaploid (6x) triticale with different dominant Vrn genes affecting the
length of the plant period of vegetation was studied in 2014 and 2016-2018. Four 8x
triticale forms were produced in the Siberian Research Institute of Plant Production
and Breeding — Branch of the Institute of Cytology and Genetics, SB RAS by crossing
between a winter diploid rye variety Korotkostebelnaya 69 and nearly isogenic lines
of soft wheat Triple Dirk D, Triple Dirk B, Triple Dirk E and Triple Dirk F (obtained
from N.P. Goncharov), bearing respectively dominant genes VinAl, VinBI, VinDI and
VrnD4, and by subsequent doubling of the wheat-rye hybrids’ chromosome number. By
selection of the most early maturing plants in the progeny of hybrids made by crossing
on 4 combinations: 8xVrnAlx8xVrmDI1, 8xVrmB1 x8xVirnD1, 8xVrnAl x8xVrnDA4,
8xVrnD1 x8xVrnD4, new 8x triticale genotypes, bearing pairs of dominant Vrn genes
were obtained. Spring hexaploid triticale forms were developed by selection of the most
early maturing plants in the progeny of the hybrids F;—F, between the 8x forms and
a winter 6x triticale variety Sears 57, bearing recessive vrn genes. It was found that
triticale plants of both ploidy levels had a short interphase period “shoots—earing” if
they contain one of the dominant genes VrnAl or VinDI, in contrast to those triticale
plants that contained one of the genes VrnBI or VinD4. In 2018 the interphase period
“seedling—heading” lasted 49.5+2.6 days (genotype 8xVinDI), 51.0+1.8 days
(genotype 8xVinAl), 71.2+4.3 days (genotype 8xVrnB1) and 74.3+1.7 days (genotype
8x VrnD4) in the group of 8x triticale. Hexaploid triticale plants have the same dominant
Vin genes as their initial 8x forms. The VinAl and VrnD1 genes of hexaploid triticale
plants conditioned short “shoots—earing” interphase period in comparison with the
VinB1 and VinD4 ones. In 2018 the 8x triticale forms, selected from the combinations of
crosses 8xVinAl x8xVrnDI and 8xVinAl x 8xVrnD4 had the shortest interphase period
“shoots—earing” — 42.8+4.0 days and 43.0+1.8 respectively. Their plants have two
dominant genes. The gene VinAdl is likely to have the strongest effect. On the basis of
this research work, a collection of spring octaploid and hexaploid triticale forms bearing
identified dominant Vrn genes responsible for both the spring type of plant development
and the duration of the vegetative period is being made. Some of spring hexaploid
triticale forms are used in breeding programs.

Acknowledgements: This work was supported by IC&G budget project No. 0324-2019-
0039.
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Higher plants, including cereals, synthesize secondary metabolites flavonoids. The
regulation of the expression of flavonoid biosynthesis genes is under control of genetic
and epigenetic mechanisms. Genetic regulation occurs with the MBW complex, which is
formed due to the action of the Myb, bHLH and WD40 transcription factors (TF), while
DNA methylation is important for the binding of TF with cis-regulatory genes regions.
The aim of this work was the characterisation of Myb, bHLH and WD40 gene copies
in the Triticeae tribe, on the one hand, and the studying of the methylation patterns
of promoters of flavonoid biosynthesis genes in wheat genome, on the other hand. In
this work, we identified and characterized in the genomes of the Triticeae tribe bHLH
gene copies in 2 and 4 groups of chromosomes, Myb gene copies in 4 and 7 groups
of chromosomes and WD40 gene copies in 6 chromosomes. A study of the structure
organisation and transcriptional activity revealed the full range of regulatory MBW genes
controlling the synthesis of anthocyanins in the pericarp and aleurone layer of wheat and
barley. We demonstrated that bHLH-coding gene HvMyc2 is the main regulator of the
appearance of blue colour in barley grain. The bHLH-coding candidate gene TaMyc-Bl
determining the colour of the wheat coleoptile was also detected. In addition, analysis
of methylation patterns of promoters of flavonoid biosynthesis genes in wheat showed
that the methylation does not make a significant contribution in the specific expression
pattern of the studied genes. In general, the results of the comparison of the flavonoid
biosynthesis genes copies demonstrate that the maintenance of their functional state is
the cause of their tissue-specific activity in members of the Triticeae tribe.

Acknowledgements: This study was partially supported by RFBR (No. 18-416-543007).
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Motivation and Aim: Yellow lupin (Lupinus luteus L.) is a valuable high-protein legume
plant. Nevertheless, its implementation as field crop is restricted by heavy damage
caused by fungal pathogens. One of the most devastating disease for yellow lupin is
fusariosis. The aim of this work was to assess the feasibility of using SRAP (sequence-
related amplified polymorphism) for transcriptome profiling analysis of yellow lupine
samples under Fusarium treatment.

Methods and Algorithms: RNA was isolated from the roots of ten-day seedlings of yellow
lupine varieties Tremosilla, BSHA 13, BSHA 19, Nadezhny. There were four groups of
seedlings: intact and exposed to three Fusarium isolates. cDNA was synthesized on the
RNA matrix and was used in a series of PCR reactions with 12 combinations of 3 forward
(Me8, 12, f16) and 4 reverse (Em5, Em12, r14, r9) SRAP primers. SRAP fragments
associated with resistant seedlings were isolated and sequenced. Their putative function
was assigned based on alignment to known sequences.

Results: The results showed that 12 primer combinations produced a total of 107 clear
bands. The proportion of polymorphic bands varied in the range from 81.3 % to 100 %.
Three SRAP fragments were associated with longer roots (f12-Em5-120, f16-r9-500)
and hypocotyl (f12-Em5-200) in seedlings treated with Fusarium isolates. Sequencing
and subsequent analysis of these fragments allowed to associate fragment f12-Em5-120
with fumarylacetoacetase mRNA, f16-r9-500 with BURP domain protein USPL1-like
mRNA, f12-Em5-200 with hydroxyphenylpyruvate dioxygenase mRNA.

Conclusion: The results obtained indicate that the SRAP method is suitable for the
analysis of yellow lupine cDNA and can be used to study the differential gene expression
of this culture. Three SRAP fragmets associated with mRNA expressed in Fusarium
treated seedlings were found.
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The active participation of plant mitochondria in horizontal gene transfer, which has
recently received more and more evidence, one can consider as an important fundamental
feature of the mitochondrial genetic system. We assume that these processes involving
mitochondria are possible, as well, due to a phenomenon of the plant mitochondria natural
competence to uptake (“import”) DNA. Although the mechanism of DNA import into
plant mitochondria is obviously of ancient evolutionary origin, it is still insufficiently
studied due to the obvious complexity of mechanisms providing DNA transfer through
two membranes. The working model of DNA import into the plant mitochondria
includes VDAC and a precursor protein of B-subunit of ATP synthase localized in the
outer membrane, CuBPp subunit of complex I in intermembrane space, and ADP/ATP
carrier in the inner membrane. The results obtained to date suggest the existence of
more than one mechanism of mitochondrial DNA import. To study the features of DNA
import into plant mitochondria under conditions close to in vivo, we have developed
and tested a new approach based on use in parallel of an (i) in organello and (ii) isolated
protoplast system. In an advanced in organello system, the detection of imported DNA
in the mitochondrial matrix is based on the use of fluorescently labeled substrates and on
the assessment by quantitative PCR. The in vivo system is used to investigate the DNA
transport from the cytoplasm to the mitochondrial matrix in Arabidopsis protoplasts.
This approach allows to establish whether the regularities of the mitochondrial DNA
import detected in organello are preserved in vivo. We demonstrated that DNA of various
lengths is actively imported into mitochondria of Arabidopsis protoplasts. We showed
that mitochondria lacking one porin isoforms, VDAC1, VDAC2 or VDAC4, transport
DNA more efficiently compared to the wild-type mitochondria.

Acknowledgements: This work was financially supported by the Russian Fund for Basic
Research (Grant 18-04-00603).
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A number of days from emergence to flowering is an important trait in soybean that
strongly depends on temperature and day length. We investigate this dependence using
mathematical modeling with Artificial Neural Networks (ANN). Experimental data was
obtained in 1999-2013 in Leningradskaia oblast (Pushkin) and Krasnodarskii krai for
nine early maturing soybean accessions with low photosensitivity. We adapted ANN to
predict time to flowering in this dataset in two steps. Firstly, we added scaling constants
for network inputs, optimized high and low temperature thresholds and base day length.
Training of 121 model parameters resulted in the MSE value of 0.026. Investigated
accessions were characterized by decreased high temperature threshold in comparison
to literature data (23 °C<30 °C) and increased low temperature threshold (12 °C>5 °C).
The increase of day length from 12 h to 13 h confirmed the adaptation to a longer day.
The average error was ~2.4 days. ANN has to be trained for each group of plants from
the same accession. Secondly, we modified the network topology to include the nine
input nodes that represent the membership of a plant to an accession group. Thus the
same ANN is used for any plant. An average error for the second model was ~3.1 days.
The average errors for ANN models from both steps are less than the error of 5.2 days
of the previous model based on temperature thresholds. We applied the first model to the
generated weather for different future greenhouse gas emission scenarios and predicted
flowering time for nine accessions in changing climate for years 2019-2030. Mean
time to flowering decreases from measured 39.21 days to 36.33 days predicted for 2030
significantly with Mann—Witney—Wilcoxon criterion (P = 0.0097<0.01) but may stay
constant or fluctuate in several cases.

Acknowledgements: The work was supported by Federal Contract #14.575.21.0136 at
26.09.2017, REMEFI57517X0136.
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Guar is an economically valuable crop used as a source to produce guar gum that is
demanded by many industries. Guar is a short-day plant that performs best with
shortened photoperiod (12—13 h). The date of flowering of guar is an important agro
biological trait since it usually correlates with productivity of the crop. Identification
of key molecules associated with the transition to generative phase of guar will help
to detect genes controlling their biosynthesis and, accordingly, contributing to early
flowering. Metabolomic profiling being a new approach of the system biology allows
to reveal the internal factors determining the transition to the generative stage of guar.
In our experiments 96 guar genotypes with different sensitivity to photoperiod from
the VIR world collection were grown under long day conditions. For the photoperiod-
sensitive genotypes, the prolonged day light caused obstruction for switching the
flowering program, which results in a strong delay of flowering. We detected differences
in the metabolomic response between two guar groups: the first group of plants that
started to flower without delay (“early flowering plants”) and the second group of plants
that delayed flowering significantly “delayed flowering plants”. Metabolomic analysis
showed that the metabolome of the “early flowering plants” and “delayed flowering
plants” differs each from another by concentration of 7 molecules. We suggest to
consider those as the key metabolites involved in the transition to flowering in guar.
Acknowledgements: This work was supported by grant No. 17-29-08027-ofi-m from the
Russian Foundation for Basic Research and was carried out using the equipment of the
Resource Center of the Scientific Park of St. Petersburg State University.
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They are investigated morphophysiological and photosynthetic indicators of response
to drought-stress of nine wheat alloplasmic lines carrying the cytoplasm of tetraploid
species 1. dicoccum Shuebl. They were noted and significant differences in the regulation
of growth and photosynthetic activity of alloplasmic lines between themselves under
drought conditions and differences from euplasmic parental forms were shown. The most
tolerant to drought alloplasmic lines D-d-05 b, D-b-05, D-41-05 and the most sensitive
D-f-05 have been identified.

The use of 21 SSR (simple sequences repeats) markers for evaluation of genomic
polymorphism of the wheat alloplasmic lines and the cv. Mironovskaya-808, used
as the paternal form in crossing, showed that level of polymorphism for 7 lines and
Mironovskaya-808 does not exceed 15 %. The lowest level of polymorphism (less than
5 %) was observed between the lines D-b-05 and D-a-05.

The D-n-05 line is distinguished because it differs from the studied lines in 9 SSR
fragments out of 21. Of interest is the D-f-05 line, since it, unlike other lines, identifies
T dicoccum genetic materal marked with Xgwm357 (1AL chromosome), Xgwml92c
(4BS) and Xgwm155 (3AL).

Obviously, selection on the basis of productivity and grain quality for 7 years by
Dr. Khailenko, also led to the selection of wheat alloplasmic lines in which the presence
of T. dicoccum nuclear genes is necessary to maintain high productivity based on nuclear-
cytoplasmic interactions, which compensates for its most sensitive to drought on the
studied parameters, relative to other lines.

Thus, it was showed that the combination the nucleus and cytoplasm originating from
parental forms belonging to different species can both improve and worsen the stress-
resistance and photosynthetic activity of wheat alloplasmic lines.

Acknowledgements: The work is supported by the granting program of the MES RK
(AP05131734).
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Plants are constantly exposed to abiotic and biotic stresses. One of the main types of
biotic stress is viral agents. The viruses cause tremendous damage; therefore, plant
viral diseases are an important problem in phytopathology, as they cause great damage
to agriculture. We have been studying TBSV, which has a broad host range under
experimental conditions and has been reported to infect over 120 plant species spanning
20 families. Tomato bushy stunt virus (TBSV) is the type species of the Tombusvirus
family. TBSV has a single +ssRNA genome with length of about 4800 nt, which is
wrapped by 180 subunits of capsid protein. The virus contain 5 open reading frames: p33
and p92 responsible for replicase, which translated from genomic RNA, capsid protein
p41 is translated from subgenomic RNA1, whereas p22 and p19 from subgenomic RNA2.
The p22 protein is a movement protein that is required for the virus to spread from cell
to cell. P19 is a major viral pathogenicity determinant and functions as a suppressor of
defensive mechanism RNAi. This protein binds siRNAs and prevent their incorporation
into RISC, thereby allowing viral propagation in the host. Therefore, manipulations with
this protein can impart resistance to viral pathogen. Nicotiana benthamiana plants, which
initially inoculated with mutant of TBSV-157 survived, due to absence p19, then these
plants were grown. After that, the seeds from these plants (157 s N.b.) were collected.
Collected seeds were planted, and after 30 days growth plants were inoculated with wild
type TBSV. For experiments were taken N. benthamina, 157 s N.b. plants, which were
infected by TBSV and showed the same symptoms. But only 157 s N. benthamiana
plants survived after 14 days post inoculation. Taken together, it is possible to assume
that the infection with suppressor mutant, may effectively trigger systemic resistance of
plants in the next generation.
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Wheat is the most important crop. Further progress in breeding work with this culture
will be based on the involvement in the hybridization of the entire diversity of species of
the genus Triticum L. In this regard, starting from 1992, in the Tyumen region, in field
conditions, the varieties and variety samples of the most promising species of wheat
for the local region were studied: a single-grain cultural (7. monococcum L.) with the
Ab genome, durum (7. durum Desf.) with theAUB genome, kartalinskaya (7. carthlicum
Nevski.) with AUB genome, abyssinskaya (7. aethiopicum Jakubz.) with AYB genome,
wheat sharozernaya (7. sphaerococcum Perciv.) with A'"BD genome. Varieties of soft
wheat of different groups of ripeness Scala, Tyumenskaya 80, Rang, Novosibirskaya 15
were used as standards. The weather conditions that have developed over the years of
research allowed us to give the varieties and variety samples of the studied wheat species
the most complete assessment of the length of the growing season and seed productivity.
The late-ripening varieties turned out to be round-grain wheat. The length of the growing
season they ranged from 84 to 87 days. For 3—5 days faster than them ripened varieties
of durum and then kartalinskaya wheat. According to the results of the research, the
variety samples of kartalinskaya wheat (K-19764, K-17581) and cultivated single-grain
crops (K-17534) ripening at the level of ripening standard varieties were identified.
Durum wheat varieties surpassed other species in seed production. They significantly
exceeded the standards by 58.6-71.3 g/m2. The number of single-grain grains (K-17534;
376.3 g/m2, CV = 35.9 %), kartalinskaya wheat (K-18772; 282.1 g/m?, CV = 37.7 %),
and abyssinskaya wheat (K-19611; 266.5 g/m?, CV = 452 %) yielded some to
Novosibirskaya 15. Thus, as a result of studies conducted from the collection of rare
wheat species, promising variety samples, varieties and lines were identified using a set
of economically valuable traits.The source material is currently used in wheat breeding
programs in the Tyumen region.
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The aim of the work was to clarify the Septoria causative agents species composition on
leaves and spike and to evaluate the spring wheat varieties effectiveness in the disease
controlling in the Western Siberia forest-steppe zone. Studies were carried out in 2016—
2018 according to generally accepted methods. Spring wheat leaves and ears Septoria
blight is widespread in Western Siberia, causing a decrease in yield by up to 50 % or
more with the deterioration in the grain quality. The Septoria blight causative agents’
specific composition is represented by Parastagonospora nodorum, Septoria tritici and
S. avenae f. sp. tritici, and the species ratio varied by region, variety and within plant
organs: in the Novosibirsk region the strongest P. nodorum domination was revealed, in
the Tyumen region P. nodorum dominance was not absolute and was disturbed in some
geographical points by S. fritici and S. avenae f. sp. tritici. In the Altai Territory, the
P. nodorum dominance was revealed at all points, but it was less significant compared to
the Novosibirsk Region and was accompanied by the widespread occurrence of S. tritici.
The immunological assessment of spring wheat 23 varieties collection from different
origin did not allow identification of samples immune to Sepforia. A differentiated
manifestation of resistance signs to leaves and ear Seproria disease has been established.
The complex revealed resistance some varieties (Orenburg 23, Vyatchanka, also Long
Chun 7 Hao from China) have shown, they combined reduced susceptibility to Septoria
disease of the leaves and ear. The varieties collections study from three regions of Siberia
in the epiphytotic year made it possible to identify the following trend: compared with
the Omsk and Kurgan regions, the Septoria blotch causative agent transmission was
most active with seeds of the Novosibirsk breeding varieties.
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Potato is one of the most important crops in the world. It’s yield and quality depend
on many genetic factors. The genomic regions associated with tuber eye depth and
the resistance to the golden potato cyst nematode (GPCN) were found in this study
by analyzing Solanum tuberosum potato varieties from the ICG “GenAgro” collection,
genotyped using an Illumina 22K SNP potato array DNA chip. Data processing was
carried out using programs: Tassel 5, package R, Microsoft Excel. Four statistical models
were used for data analysis: GLM (general linear model) without or with (GLM+Q,
GLM+PCA, GLM+Q+PCA) taking into account the population structure. Data on
resistance to the GPCN was taken from the database of the State Register of breeding
achievements approved for use. The study showed the presence of 18 significant SNPs
on chromosomes 1, 5 and 11. Association with three SNPs was highly significant when
using each of the four statistical models. The tuber eye depth was determined on a three-
point scale: 1 —small (less than 1.0—1.3 mm), 2 — medium (1.4—1.6 mm), 3 — deep (more
than 1.7 mm). 27 significant SNPs associated with the tuber eye depth were found on
chromosomes 4, 5, 6 and 10. Association with five SNPs was highly significant when
using each of the four statistical models.

Acknowledgements: The Russian Science Foundation, grant number 16-16-04073,
supported this work.
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The quality of 23 proliferative embryogenic cultures (EC) and the genetic changes
associated with somaclonal variations in the cell lines (Cls) and cloned plants of Larix
sibirica were studied. The age of Cls was from 6 month to 9 years. Cls were obtained
from explants (zygotic embryos) of Siberian larch trees as a result of open and controlled
pollination. The frequency of EC formation was 4.5-23 % on the nutrient medium Al,
supplemented by plant growth regulators: (2,4-D:6-BAP, 2:0,5). All CLs actively formed
embryonal-suspensor mass (ESM), in which globular embryos propagated through
cleavage, budding formation and proliferation of embryonic tubes of the suspension.
Cytogenetic studies of proliferating Cls of Siberian larch showed that the cells of young
cell lines (age 1-2 years) contained mainly cells with a normal number of chromosomes
for this species (2n = 24). Analysis of long-cultivated (7-9 years) Cls showed that
majority of them were genetically unstable and only one (CI6) was characterized by
stability (2n = 24). The genetic stability of this line was confirmed of the microsatellite
analysis of nine microsatellite loci. Molecular genetic studies of proliferating Cls,
conducted using RAPD analysis allowed us to obtain a diversified line-specific PCR
spectra that can be used as markers of ECs. Somatic embryos matured on a nutrient
medium Al with ABA (32 mg/l). The number of mature somatic embryos in different cell
lines varied from 9 (C116.19) up to 1220 (CL 4) per 1 g of fresh ESM. Somatic embryos
germinated (83 % CI4) on the medium Al without hormones and rooted (5-15 %). Stable
maturation and germination of embryos was observed in Cl6. For 7 yeas cloned trees
grow to the station “Pogorelsky Bor” IF SB RAS successfully. Microsatellite analysis
clones showed their full compliance with this cell line.

Acknowledgements: The reported study was funded by RFBR according to the research
project No. 18-54-00010 Bel a.
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H. marinum subsp. gussoneanum (2n = 28) is a valuable source of genes that determine
resistance to abiotic stresses (salinization, flooding, waterlogging, temperature severe
changes). In addition, accessions of this barley with a high content of protein in seeds
have been isolated. These traits may be transferred to wheat, since H. marinum subsp.
gussoneanum is able to cross with bread wheat. To efficiently obtain introgression
genotypes of wheat with the genetic material of barley, it is necessary to use methods for
reliable and quick identification of its chromosomes in the 7. aestivum background. For
this purpose, we evaluated the possibility of using H. vulgare EST markers for studying
wheat — H. marinum subsp. gussoneanum substitution and addition lines of bread wheat.
The work included the developed lines of bread wheat, carrying the chromosomes of
H. marinum subsp. gussoneanum. The presence of wild barley chromosomes was detected
using GISH and C-banding. The applicability of 78 EST markers localized in different
chromosomes of H. vulgare barley for analysis of H. marinum ssp. gussoneanum. Of all
the markers studied, 35 were suitable for the analysis of lines carrying the chromosomes
of H. marinum ssp. gussoneanum. At the same time, for 20 EST markers out of these
35, localization in the short or long arm of H. vulgare chromosomes is known. The
identified EST markers specific for H. marinum ssp. gussoneanum were amplified in the
lines obtained in our work with the chromosomes of wild barley. It was shown that the
results of the identification of chromosomes of barley using EST markers confirmed the
C-banding data. Thus, it has been established that the H. vulgare EST markers can be
successfully used to identify the chromosomes of the H. marinum subsp. gussoneanum.
Acknowledgements: This work were supported by project No. 0324-2019-0039 and the
RFBR grant No. 17-04-01738.
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YUCCA proteins, a flavin monooxygenases (FMQO), are important plant enzymes
involved in the biosynthesis of one of the key hormones, auxin [1]. It is believed that
these genes originated as a result of horizontal transfer from bacteria to plant genome
[2]; though it is not clear at what stage of plant evolution it occurred: in multicellular
algae or land plants. To clarify the early evolution of YUCCA genes, we reconstructed
phylogenetic relationships between sequences of flavin monooxygenases, the protein
superfamily to which YUCCA belongs. The analysis of active sites, domain composition
and similarity of spatial structures of different FMO groups was performed. The analysis
made it possible to distinguish three clades on the tree of FMO and YUCCA proteins:
Yucca proteins, classic FMOs and anew group called “type Il FMO-B”, which, apparently,
have a unique ability to catalyze both oxidizing heteroatom-containing compounds
(characteristics of FMO) and Baeyer—Villiger oxidations of ketones (characteristics of
Baeyer—Villiger monooxygenases) [3]. We demonstrated that Klebsormidium nitens
kfl00109 0340 protein, which previously was a candidate for the function of YUCCA
enzymes in Charophyta [4], belongs to this new class of enzymes. The results support
the hypothesis of horizontal transfer of the ancestral YUCCA genes from of bacterial
genomes to the genomes of the ancestor of land plants. In addition, according to our
analysis using Riebel et al. data [3], the “type Il FMO-B” group of proteins is probably
a new family of proteins, interesting for biocatalysis and includes proteins of bacteria,
fungi, algae, higher plants. Therefore, further research for experimental verification of
the functional properties of type Il FMO-B is required.
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Breeding of spring common wheat in the Chelyabinsk Scientific Research Institute of
Agriculture (ChRIA) has a traditional focus on resistance to a combination of stress
abiotic and biotic stress factors. The varieties created by the institute play a significant
role not only in increasing gross grain yield in the Chelyabinsk region, but also in
improving the phytopathological situation. Leaf rust caused by Puccinia triticina Erikss.
is a widespread and devastating disease in the South Ural. The use of the intraspecific
genetic potential of common wheat is not able to provide a sufficient protection against
the pathogen, therefore, since 1990, in ChRIA has been conducting targeted selection
for leaf rust resistance with the involvement of donors with alien translocations caring
effective resistance genes. Firstly donors with translocation from Aegilops umbellulata,
carrying gene Lr9 (= LrTr) were used in 1990 and new varieties Duet, Chelyaba 2,
Pamyati Ryuba, Chelyaba jubilecinaya, Chelyaba stepnaya, Chelyaba rannyaya were
created. But in 2007 the effectiveness of Lr9 was lost and the actual task of breeding has
become the expansion of the genetic diversity of common wheat for leaf rust resistance.
The new resistance donors with alien gene translocations from Secale sereale, Aegilops
speltoides, Agropyron elongatum, Agropyron intermedium, Aegilops tauschii, Triticum
ventricosum are involved. A new set of varieties such as Chelyaba 75, Chelyaba 80,
Pamyati Odintsova, [lmenskaya 2 was created. In whose genomes a new resistance gene
LrSp from Aegilops speltoides was introduced. Presently the high effective gene Lr24 may
be recommended for breeding in Southern Ural. Also for stabilization of phytosanitary
situation in the Ural’ region, the effective combination of genes Lr9 or Lr19 with Lr26
and other Lr-genes may use for developing of new resistant wheat varieties. Based on
this principle the spring wheat variety Silach was created. The high resistance to leaf
rust in this variety due to a combination of the Lr9 with Lr26 genes, each of which in
separately is not effective to leaf rust population in Southern Ural. Permanent monitoring
of virulence of Puccinia triticina population in Southern Ural will permit to identify the
effective genes of combinations of genes providing reliable protection.
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Plant hormones auxin and ethylene are the key regulators of plant growth and
development, which are widely used in agriculture. Crosstalk between these hormones is
essential for the regulation of various physiological processes. Morphogenetic effects of
ethylene are often provided by modulation of auxin biosynthesis and transport that cause
changes in auxin distribution. The crosstalk is reciprocal since auxin induces ethylene
biosynthesis. However, the molecular mechanisms underlying this crosstalk are still
poorly understood. Here, we perform a genome-wide prediction of the molecular events
of the auxin-ethylene crosstalk and their associations with certain biological processes,
as well as investigate the underlying molecular mechanisms. We suggest an algorithm to
predict the genes potentially involved in the crosstalk between two signaling pathways —
based on their functional annotation followed by transcription factor (TF) binding and
expression pattern analyses. We applied the algorithm to identify auxin-sensitive genes
that are associated with ethylene biosynthesis, signaling or ethylene response. As a
result, we predicted over a hundred potential mediators for auxin-ethylene crosstalk,
most of them were not reported to mediate auxin-ethylene crosstalk previously.
Recruiting DAP-seq data, for some candidates we predicted potential mechanisms that
could be utilized to regulate auxin-ethylene crosstalk. By analysis of expression patterns
of predicted mediators and their putative regulators we made assumptions about the
biological processes targeted by auxin-ethylene crosstalk. Some of the predictions were
verified by qRT-PCR.
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Wheat is the major staple food crops of Morocco, Algeria and Tunisia and grown mainly
under rainfed conditions. Biotic stresses such as yellow rust, leaf rust and the Hessian fly and
abiotic stresses mainly drought constrains for wheat production, resulting in insufficiency in
wheat production and import wheat most of the year for its domestic consumption. Developing
stress tolerant varieties is one of the most efficient and economical approach to manage these
stresses. However, traditional breeding approaches are in-efficient and take long time (10—
25 years). As a first step and baseline information, we evaluated phenotypic and genotypic
diversity of a set of improved and local landraces of bread wheat cultivars from Morocco,
Algeria and Tunisia. The results revealed that many of the wheat cultivars were susceptible to
prevailing biotypes of the Hessian fly and yellow rust. Therefore, the exotic wheat cultivars
having various useful known genes were deployed and being used to make crosses with the
North African cultivars. Integration of molecular marker and doubled haploid technologies
within traditional breeding systems had enabled to select superior genotypes for traits that
are difficult to select based solely on phenotype or to pyramid desirable combinations of
genes into a single genetic background. The targeted crosses were made and subsequent
generations were carried forward through traditional breeding systems and also in some cases
through doubled haploids (DH) to speed up development of homozygous plants. Though
marker-assisted breeding (MAB) can be applied to all segregating generations, we most
commonly applied to early generations, including haploids, F,, BC,F,, BC,F, and the F, of
complex crosses to enrich populations with favourable genes and their combinations. MAB
also offered the opportunity to hasten transfer of desirable alleles from un-adapted exotic
genetic backgrounds into a desirable germplasm through cross-breeding. Once, the selected
homozygous genotypes were validated for the selected traits under field conditions, the
selected lines were seed increased for subsequent preliminary yield trials and multilocation
trials. In Morocco, three bread wheat varieties namely ‘Kharoba’, ‘Khadija’ and ‘Malika’
were released using these tools. In Algeria and Tunisia, integration of these tools in breeding
is in progress. In conclusion, application of MAB and DH technologies greatly enhanced
efficiency and effectiveness of utilization of the germplasm and enhanced genetic gains in
the breeding programs.
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Sweet sorghum (Sorghum bicolor L. Moench) with high biomass and high sugar content
in its stalk is one of the most important energy crops. The high correlation between plant
height and biomass and fermentable sugar in stem make sweet sorghum an important
plant as a renewable bioenergy source. The potential of higher biomass and bioethanol
with lower input in sweet sorghum comparing to maize make this crop valuable in large
areas worldwide. The important characters for obtaining high biomass and sugar are
mainly sugar and stem juice content per plant and plant height. 551 accessions were
screened and several superior accessions were determined for these bioenergy related
characters. Pyramiding different QTLs in a single line would obviously result in higher
plant height, sugar content and biomass as the characters studied were under additive
genetic behavior. QTL mapping is crucial to find out different QTLs for each character
and thus “Erdurmus” line with high sugar content, plant height and stem juice was
crossed with Ogretmenoglu which has contrasting values for the characters. The F s
were selfed and the segregating F, population were generated. 376 F, individuals were
phenotyped for the bioenergy related characters. Of those, 200 individual DNAs were
extracted and subjected to genotyping by sequencing (GBS) analyses. The corresponding
F; lines will be phenotyped in two different environments in this summer. PCR-based
molecular markers developed from the SNP regions related to the characters will be
tested in other advance lines which have high sugar content, plant height and stem juice.
If the marker produces no information about any advance line, it will be assumed that
this line may contain different QTL(s) and it will be used for pyramiding. This study
proposes an authentic pipeline to find out different QTLs.
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In the corn grain (Zea mays L.), flavonoid grouping and possessing many health properties
(antioxidant, antimicrobial, anti-carcinogenic) anthocyanin pigments can accumulate.
Numerous studies have found that regular consumption of food rich in anthocyanins
leads to a significant decrease in the level of diabetes, obesity, cardiovascular and
oncological diseases. The beneficial effect is manifested depending on the type and
amount of anthocyanins in the ration component. The combination of nutritional and
therapeutic value of the rich content of useful anthocyanins of corn kernels characterizes
it as a functional product. The accumulation of anthocyanins in corn grain is controlled
by the coordinated expression of structural and regulatory genes, the combination of
different allelic variants of which determines the quantity and quality of the anthocyanins
synthesized. Out of more than 400 maize samples from the National Gene Bank of
Azerbaijan, forms with dark-colored grains were selected to study and use their genetic
potential in breeding. The purpose of this work was to study the genetic diversity of
maize samples with dark colored grains adapted to local conditions for further selection
on grain quality. The paper presents the results of genotyping 38 maize samples using
intermicrosatellite ISSR primers selected from the literature (inter simple sequence
repeats), the most widely used and effective classes of DNA markers for genotyping,
certification and classification of plant varieties. 6 primers generated polymorphic, well
reproducible PCR fragments. For each sample, individual ISSR spectra were obtained,
differing in the number of amplicons. A total of 65 fragments were synthesized, of which
63 are polymorphic. Thus, the average level of polymorphism in the 6 primers used was
96.9 %, which indicates a wide range of genetic variability in the sample under study, the
samples of which can serve as the starting material for the selection of corn to improve
the qualitative and quantitative composition of anthocyanins in the grain.
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The non-fragility of the spike rachis trait was a key factor in the process of wheat
domestication, determined the harvest effectiveness. However, the genetic control of
this trait is not well understood in some cultivated and artificial wheat species. It is
known that the Q and Tg genes are the main regulators of the wheat fragility vs. non-
fragility of the spike rachis. Nevertheless, recently it was shown that rachis fragility of
the second type (brittle rachis) in diploid wheat is determined by the Btr/ and B#r2 genes
which are the homologous to those of barley. These genes have been studied only for
einkorn wheat species (Triticum monococcum L. and T. boeoticum Boiss.). The study,
conducted by Pourkheirandish et al., 2018, was allowed for the conclusion that a single
non-synonymous amino acid substitution at 119 position (alanine to threonine) in Btr/
gene is responsible for the non-brittle rachis trait in domesticated einkorn wheat. In the
present study we investigated variability of Btri-A4 gene in di-, tetra- and hexaploid wheat
species, Btrl-B and Btr1-D genes from Aegilops speltoides Tausch and Aegilops tauschii
Coss., respectively. We used a combination of bioinformatical tools and molecular
biological methods to determine the full-length sequences of Btr/ gene. Btri-A gene
in tetra- and hexaploid wheat species was contained 2 bp deletion at 292 nucleotide
position, leading to formation of premature stop-codon.
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Phytoremediation is the elimination, neutralization or conversion of pollutants to a less
toxic form with the help of plants. This method is often used in cases of soil contamination
with heavy metals (HM), using plants — hyperaccumulators of HM to restore the
biological productivity of ecosystems. For effective phytoremediation, the search for soil
bacteria that increase the availability of HM for plants is extremely important. The most
promising in this regard are bacteria of the genus Pseudomonas, which are widespread
in the rhizosphere of plants. Tomato (Solanum lycopersicum L.) is one of the most
important vegetable crops in agriculture. In recent years, studies on the accumulation
of HM in tomato plants, protection of this culture from HM, and the potential use of
tomatoes for phytoremediation, including in conjunction with bacteria-microsymbionts,
have become popular. The strain Pseudomonas sp. 102 can significantly increase the
growth parameters and biomass of tomato plants, including under the toxic effects of
cadmium. The greatest positive effect was observed in plants transformed with the
bacterial adhesin gene rapA 1, the product of which is important for colonization of plant
roots by bacteria. It was also shown that shoots of transgenic tomato plants accumulated
the greatest amount of cadmium during inoculation of Pseudomonas sp. 102. The ability
to extract high concentrations of cadmium and accumulate a large biomass under stress
opens up prospects for the further use of associative interactions between tomato and
Pseudomonas for phytoremediation.
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The most important virulence factors of the Stagonospora nodorum are multiple
fungal necrotrophic effectors (NEs) that cause necrosis and/or chlorosis on wheat lines
possessing dominant susceptibility genes (Sun). One such NE is SnTox3, which evokes
programmed cell death and leads to disease when recognized by the wheat Snn3-B1
susceptibility gene. In this study, combinations of different genotypes of wheat variety
and fungal isolate (Snn3*/Tox3*, snn3~/Tox3", Snn3*/tox3-, snn3~/tox3~) were studied.
Some S. nodorum isolates, characterized by the presence or absence of the Tox3 (Tox3*
and Tox3") effector gene and genetically characterized wheat samples were used.
Full compatibility reaction in combination of genotype Snn3*/Tox3* was shown. The
suppression of hydrogen peroxide generation in a compatible Snn3*/Tox3* interaction
was most likely due to high activity of catalase, low activity of peroxidase and reduce
of expression of genes encoding NADPH-oxidase (7aRboh), anionic peroxidase (7aPrx)
and superoxide dismutase (7aSod) at the early stage of infection (24 hours), which
further led to the formation of extensive lesions. The increase expression of ethylene
biosynthesis genes ACS (ACC synthase), ACO (ACC oxidase) and ethylene signaling
pathway genes EIN3, ERF1 after 24 hours of infection in this genotype was shown.
Incompatibility reaction in combinations snn3~/Tox3", Snn3*/tox3~, snn3~/tox3~ was
shown. The increase of hydrogen peroxide generation due to alterations in redox enzymes
activity and increasing expression of 7aRboh and TaSod genes, as well as the absence
of activation of biosynthesis and signaling pathway genes of ethylene at early stage
of infection, which led to the development of hypersensitivity reactions and inhibition
of the pathogen mycelium growth was found in incompatible interactions. Thus, the
pathogen effector SnTox3 influenced the biosynthesis and the signaling pathway of
ethylene with a view to regulate the redox metabolism of infected wheat plants for
successful colonization of the host.
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Radioactive contamination of the natural areas is one of the most long-lasting
anthropogenic impacts on the environment. Scots pine (Pinus sylvestris L.) is an
important species for radiation protection of biota due to to its high radiosensitivity,
although the genome size of Pinacea species has imposed obstacles for high-throughput
radiation-related studies so far. We conducted the analysis of the de novo assembled
transcriptome of Scots pine populations growing in the Chernobyl-affected zone, which
is still today contaminated with radionuclides. The transcriptional response indicates a
continuous modulation of the cellular redox system, enhanced expression of chaperones
and histones, along with the control of ions balance. Our data suggest that the modulation
of ROS level occurs mainly through the control of glutathione- and thioredoxin-related
responses and most likely involves a fine-tuning of ROS-generating processes. The SNPs
analysis indicated enrichment of polymorphisms occurring on transcripts related to the
antioxidant system and oxidation-reduction processes. While ROS-generating processes
are being repressed, several pieces of evidence suggest the occurrence of control of gas
exchanges via stomata, what would directly impact on the photosynthesis rate, a major
ROS source. It is interesting to note that the control of stomata movement, although
relying on several ABA target genes, apparently does not involve the modulation of ABA
levels. A perspective for future work is the confirmation of ABA attenuation and of the
control of photosynthesis rate on chronically irradiated plants. These adaptive responses
are triggered by radiation doses 30 times lower than the one accepted as a safe for biota
species by international regulations. This suggests that the environmental management
in radiation protection should be reviewed.
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Today adaptive seed production of crops is a current direction. First of all seed breeders
face the problem of adapting varieties to different soil and climatic conditions and
reducing the quality of seed production of crops. To introduce vegetable beans into
production crops, it is necessary to establish its seed production due to the plasticity
of the varieties and the development of elements of the varietal cultivation technology,
which will ensure the production of high-quality seed material of the crop. The purpose of
the study is to improve the elements of adaptive seed technology for vegetable beans for
the conditions of Western Siberia. The object of study is two varieties of common beans
Nika and Solnyshko. With the observance of the optimal timing and sowing scheme,
it becomes possible to establish seed-growing of vegetable bean in the conditions of
the Siberian region. Sowing dates have a significant impact on the formation of the
vegetative and generative parts of the plant. With the presence of amicable shoots, the
productivity of the crop is significantly increased due to active flowering and bean
formation, which creates the conditions for the uniform formation of the crop. Sowing
qualities are determined by the term and scheme of sowing culture, taking into account
the seed germination energy. When sowing in the third decade of May—the first decade
of June, the whole complex of natural factors develops favorably for the growth and
development of common bean plants, and it is possible to predict a high seed productivity
of the crop. It was established that with an increased seeding rate, a rapid transition
to the stage of biological ripeness and, accordingly, increased seed productivity with
high quality seed culture is observed. Obtaining a assured yield of high-quality varietal
seeds is possible subject to the developed methods of adaptive varietal seed production,
recommended for specific growing conditions.
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The predicted global climate change in the world is of particular importance for
Kazakhstan, the main areas of agricultural production of which are characterized by
high variability of environmental factors. According to the Second National Report
on Climate Change (UNFCCC, 2009), the temperature regime in Kazakhstan changes
mainly in the direction of warming. High temperature can be one of the main factors
limiting the productivity of all agricultural crops, including wheat. In this regard,
the understanding of physiological problems associated with stress caused by high
temperature is of great importance. As an indirect selection criterion for heat tolerance,
the CTD (canopy temperature depression) feature, calculated as the difference between
the canopy temperature and the environment was used. According to the CTD value, the
accessions were ranged from 11.4 °C to 14.2 °C. The tendency to increase in productivity
with an increase in CTD (r = 0.69) was revealed. The most productive was the variety
Kharkovskaya-106 (9.1 t/ha, CTD = 13.6 °C). Monitoring of winter wheat gene pool
using the “Green Seeker” (optical sensor) showed a change in the plant biomass index
(NDVI) in more than 70 % of the accessions, depending on: 1) the cultivation conditions
(irrigation, rain fed); 2) year of study; 3) growth stage. A high NDVI value was observed
on irrigation in the heading stage (0.50-0.82) and a decrease (0.34—0.73) during the
grain filling period. In 25 % of the accessions the high NDVI remained at the same level
during the 2 measurement phases, which affected the yield. In rain fed conditions the
NDVI value ranged from 0.20 to 0.39. According to the indicators of photosynthetic
activity, the accessions of winter wheat were divided into 3 groups: high, medium and
low productivity. In relatively high-yielding varieties (5.0-7.7 t/ha), the assimilation
surface ranged from 50.4 to 72.9 thousand m?/ha.
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Mushroom, Schizophyllum commune is a white wood-rotting fungi and produce a
large of B-glucan on culturing. The B-glucan has industrially been used as cosmetics
and medicines for enhancing immunity. This study was to investigate the availability of
culture filtrate of S. commune (Sc-cf) on controlling Phytopthora blight disease of pepper.
Sc-ctf was precipitated by absolute ethanol and the precipitant and supernatant fractions
inhibited mycelial growth of different phytopathogenic fungi including Phytophthora
capsici, Rhizoctonia Solani, Pythium ultimum, Botrytis cinerea and Colletotrichum
acutatum. The high content (16.88 g/100g) of B-glucan was detected in the precipitant,
polysaccharide. The Sc-polysaccharide suppressed Phytophthora blight disease of
pepper seedlings more than 60 %. In quantitative real-time PCR, the gene expression
of CaBPRI (PR protein 1), CaBGLU (B-1,3-glucanase), CaPR-4 (PR protein 4), and
CaPR-10 (PR protein 10) were significantly induced on the Sc-polysaccharide and
DL-B-aminobutyric acid (BABA) treated pepper leaves. In addition, the salicylic acid
(SA) content was also increased in the Sc-polysaccharide treated pepper samples. These
results suggest that B-glucan from S. commune can be used as an elicitor for the control
of Phytopthora blight disease of pepper.
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The aim of this study is to assess the expression level of the main phosphorus transport
genes and carbohydrate metabolism genes in highly mycotrophic line MIS-1 Medicago
lupulina inoculated with highly efficient arbuscular mycorrhizal fungus Rhizophagus
irregularis under conditions of low level of phosphorus available for plant nutrition in
the substrate. In our work, we used the original method for estimating the expression of
genes, the sequences of which were selected by homology with the known sequences for
M. truncatula and according to the data of the transcriptome analysis for M. lupulina.
In particular, carbohydrate metabolism genes (MIHXK1, MISUS, MISUS2, MISUC4,
MilrbeS, MISTP13) and phosphorus transport (MIPT1, MIPT2, MIPT4, MIATPI) were
detected. For each genes, three pairs of primers were selected, of which the most effective
ones were left to assess relative expression using the generally accepted 2-AACT method
(reference gene — actin). Accounting for the parameters of productivity, efficiency of
arbuscular mycorrhiza (AM), mycorrhization, microelements content, and expression
of genes of interest were carried out in the key stages of M. lupulina plant development
(6 terms up to flowering stage). Pronounced dynamics were shown for all genes of interest
except MIHXK]1 and MIRUB. The study showed that two genes — MIPT4, MIATPI are
specific for the development of effective AM-symbiosis of M. lupulina with the fungus
R. irregularis. MISUS2 showed significantly higher expression in plant roots with AM
against control. Since 2019, it is planned to add several new genes to the analysis, such
as invertase genes, as well as the MST or SWEET genes, among the latter screening for
the presence of plant mycorrhiza-specific sugar transporters can be performed.
Acknowledgements: This work was supported by RFBR grant (No. 18-016-00220) and
RSF grant (No. 16-16-00118).
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Marker-trait associations for agronomic traits
in soybean harvested in Kazakhstan
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Soybean is becoming one of the most important oilseed crops in Kazakhstan. In last
ten years the area under soybean is expanded from 45 thousand hectares (ha) in 2006
to 120 thousand ha in 2016. The general trend of soybean expansion is from south-
eastern to eastern and northern regions of the country, where average temperatures are
lower and growing seasons are shorter. These new soybean growing territories were
poorly examined in terms of general effects on productivity level among the diverse
sample of soybean accessions. Phenotypic data were collected in three separate regions
of Kazakhstan and entire soybean sample was genotyped for identification of marker-
trait associations (MTA). In this study, the collection of 113 accessions representing
five different regions of the World was planted in 2015-2016 in northern, eastern, and
south-eastern regions of Kazakhstan. North American accessions showed the highest
yield in four out of six trials. The collection was genotyped with 6K SNP Illumina array.
4,442 SNPs found to be polymorphic and were used for whole genome genotyping
purposes. Genotyping and field data were used for GWAS (genome-wide association
study). Thirty SNPs appear to be significant in 42 MTAs in six studied environments.
Overall thirty SNP markers associated with time to flowering and maturation, plant height,
number of fertile nodes, seeds per plant and yield were identified. Physical locations of
32 identified out of 42 total MTAs coincide well with positions of known analogous
QTLs. This result indicates importance of revealed MTAs for soybean growing regions
in Kazakhstan. Obtained results would serve for forming and realization of specific
breeding programs towards effective adaptation and increased productivity of soybean
in three different regions of Kazakhstan.

PlantGen2019 231



DOI 10.18699/PlantGen2019-214

Phosphomimetically mutated and thus constitutively active kinase
of ribosomal protein S6 from Arabidopsis thaliana (AtRPS6K2)
does phosphorylate TaRPS6 in wheat (Triticum aestivum)

40S ribosomal subunit

Zhigailov A.!, Alexandrova A.!, Beisenov D.!, Stanbekova G.!, Karpova O.!,

Kryldakov R.2, Eriskina E.!, Nizkorodova A.!, Polimbetova N.!, Iskakov B.>*
Y M. Aitkhozhin Institute of Molecular Biology and Biochemistry, Almaty, Kazakhstan
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Coordination of growth and division in eukaryotic cells depending on availability of
nutrients, energy, and in response to internal and external stimuli, is adjusted by multilevel
cascade of serine-threonine protein kinases that transmit various signals to the protein-
synthesizing apparatus causing its activation or inhibition. Phosphorylation of RPS6
by RPS6-kinase stimulates production of new ribosomes via preferential translation of
5'TOP-mRNAs that encode most proteins of translational apparatus (ribosomal proteins,
elongation factors and many of initiation factors, poly(A)-binding proteins, etc.) and
proteins of proliferation control. The mechanism of preferential translation of 5'TOP-
mRNAs is unknown. Most studies of RPS6-kinase regulation in plants performed on
A. thaliana that contains AtRPS6K2, which phosphorylates AtRPS6 in 40S ribosomal
subunit (40S RS). For full activation, AtRPS6K2 requires phosphorylation by upper-
level kinases: pPDK1 (at Ser296) and pTOR (Thr455, Ser437). To investigate the role
of RPS6-phosphorylation in preferential translation of some viral and cellular 5'TOP-
mRNAs it is important to obtain constitutively active AtRPS6K?2. For this purpose we
cloned AtRPS6K2 cDNA-gene and carried out in vitro-mutagenesis, replacing codons
of Ser(S)296, S437 and Thr(T)455 by triplets that encode phosphomimetic amino acid
Glu(E). After expression in E. coli, two recombinant proteins were isolated: original
AtRPS6K2 and phosphomimetic AtRPS6K2(S296E;S437E;T455E). These kinases
were tested in vitro for their ability to phosphorylate either purified recombinant AtRPS6
(~30-kDa) or its homolog TaRPS6 in composition of 40S RS isolated from wheat germ
(T aestivum). Neither original nor phosphomimetic kinases were able to phosphorylate
purified recombinant AtRPS6. Phosphomimetic kinase did phosphorylate TaRPS6 in
composition of isolated 40S RS as was evident from SDS-PAG-electrophoresis and
subsequent radioautography by incorporation of radioactivity from [y-33P]ATP into
30-kDa polypeptide. Besides in vitro studies, such an approach can find biotechnological
applications.
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Chromatin and cytoskeleton reorganization in meiosis
of wheat-rye substitution line (3R3B)

Zhuravleva A.A.*, Silkova O.G.
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Meiosis is a type of cell division that halves the chromosome number. This phenomenon
shows a considerable degree of diversity among species. Unraveling molecular
mechanisms of the meiotic machinery has been mainly based on meiotic mutants, where
the effects of a change were assessed on chromosomes of the particular species. An
alternative approach is to study the meiotic behavior of the chromosomes introgressed
into different genetic backgrounds. The effect of rye chromosomes in meiosis of wheat-
rye substitution lines is studied actively. Previously various groups of scientists studied
the rye chromosome effect in substitution lines. It is known that chromosomes 1R, 3R,
and 7R showed a regular meiotic behavior, and, based on the finding, polyembryony
was regarded as a phenotypic expression of nuclear-cytoplasmic interactions where an
important role is played by rye chromosomes 1R and 3R. Moreover, asynapsis was
observed in 3R3B substitution line. The behavior of individual pair of rye homologues
added to wheat (3R3B) has been monitored in first and second meiotic division. Using
Navashin’s modified fixative and immunostaining with a-tubulin and CENH3 antibodies
we observed such abnormalities as curved spindle, prolonged prometaphase in the
first meiotic division. Moreover 20—50 % of meiocytes have an abnormal shape of the
cell in late meiotic prophase. In the second telophase 50-20 % of the cells show such
abnormalities as unequal division, absence of spindles and chromosomes in the second
cell from a pair. In the stage of tetrads we observed monads, dyads, tetrads and unequal
tetrads as a result. Thus there are some differences that we found by this study.
Acknowledgements: This work was supported by RFBR 17-04-01014.
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Comparison of spring oats varieties in response to the effects
of root rot toxins in an in vitro culture
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The effect of the Fusarium poae and Fusarium equiseti toxic metabolites was studied in
vitro in oats immature embryos. The Murashige—Skoog medium (MS) and the classical
3-stage cultivation were used: induction, proliferation of calli and plant regeneration.
Toxic metabolites obtained on the basis of isolates of the author’s collection of regional
pathogens on the nutrient medium Chapeka. Filtrates of toxic metabolites of the species
F. poae and F. eqiseti were used as selective agents on the proliferation medium of
calli in concentrations of 30 %, 40 % and 50 %. The volume of the material was
2578 immature embryos of eight varieties: Tubinsky, Sayan, Kazyr, Selma, Talisman,
Zolotoi pochatok, Golets, Tyumen holozerny. Callus induction took place on MS with
the addition of 2,4-D — 3 mg/l and IAA — 2 mg/l, proliferation — from 2,4-D — 1.5 mg/1,
regeneration — with kinetin — 1 mg/l and [AA — 0.5 mg/1. Inhibition of proliferation of calli
by metabolites is highly significant even for lower concentrations of 30—40 % (from 49.4
to 71.0 % for F. poae and 37.6—66.1 % for F. egiseti). Under these conditions the Tyumen
holozerny and Kazyr varieties responded less to stress. Organogenesis and the formation
of full-fledged regenerants in the presence of metabolites was above average for these
same forms. Some dependence of the varietal reaction on the type of micromycetes
was observed. The varieties Selma and Talisman compared with others showed greater
resistance to the metabolites of F. egiseti, and not of F. poae. In general, the metabolites
of F. poae caused a stronger inhibitory effect on the stages of morphogenesis. Less
resistant to the inhibitory effects of two types of micromycetes p. Fusarium varieties
Golets, Tubinsky and Zolotoi pochatok. In this way, in vitro, oat varieties were tested
for resistance to toxic metabolites of two types of micromycetes F. egiseti and F. poae.
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Expression analysis and regulation of general transcription repressor,
TaDrl, in bread wheat under drought
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Introduction and Aim: The key factor in achieving increased yields of spring wheat is
the enrichment of the gene-pool using germplasm collections from foreign countries.
The study and introgression of wheat germplasm accessions from various ecological
and geographical origins is important for the wheat breeding process. These genetic
materials can be used to study candidate genes responsive to abiotic stress and associated
with agronomically important traits. The study of genetic polymorphism and expression
of the transcriptional repressor gene, TaDr1, together with the TaVinl and TaFTI genes
which control the transition to the reproductive stage and flowering, can help to better
understand the mechanism of drought tolerance and improve wheat yields in Northern
Kazakhstan.

Results: High- and low-yielding wheat accessions were identified through screening
of the world spring wheat germplasm collection via environmental tests in the local
environment of Northern Kazakhstan with its harsh continental climate. As a result of
molecular studies, the Amplifluor-like SNP marker KATU-W62 was developed based
on TaDrl gene polymorphism, for accurate wheat genotyping. Increased expression of
TaDrl was observed in response to drought, while the level of expression was higher
in high-yielding wheat samples than in low-yielding accessions. Additionally, it was
revealed that 7aDr] is associated with two genes controlling wheat plant development,
TaVrnl and TaFTI. All three studied genes, TaDrl, TaVinl, and TaFTI, had similar
changes in expression in response to drought, which is of particular interest for further
research.

Acknowledgments: This study was supported by the Ministry of Education and Science,
Kazakhstan, Research program BR05236500 (SJ).
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The wheat leaf epidermal pattern as a model for studying
the effect of stress conditions on morphogenesis

Zubairova U."2* Doroshkov A.'2
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Motivation and Aim: The leaf epidermis of cereals is a widely used model system for
studying the mechanisms of pattern formation for plant tissues, as it contains readily
observable specialized cells. In this work we used a growing wheat leaf to study stress-
induced dynamic changes in morphogenesis of specialized epidermal cells. In the
process of formation, the leaf of wheat remains in the stationary growth phase for long
time period. This fact permits us to observe a series of successive morphogenetic events
recorded in the cellular structure of the mature leaf.
Methods and Algorithms: High-resolution 3D LSM-images allow extracting quantitative
characteristics describing the cellular structure of leaf epidermis. However, to obtain
a large amount of statistical data methods of high throughput computer based image
segmentation should be used. We developed a workflow for detection of structural
properties of leaf epidermis from 3D images obtained from confocal laser scanning
microscopy. The workflow includes the protocol of sample preparation, image processing
ImageJ-plugin [1] and data extraction algorithms.
Results: We showed significant aberrations of stomatal morphogenesis in the epidermis
of boot leaves of wheat varieties Saratovskaya 29 and Yanetskis Probat in response to
cold stress. We found that nonfunctional stomata predominated in the zone of maximum
manifestation of stress, whereas in the zones formed before and after the stress impact,
the developmental anomalies come to the disturbance in the morphogenesis of subsidiary
cells [2]. In Saratovskaya 29, a significant amount of ectopic trichomes formed in rows
predetermined to stoma formation. The proposed approach can provide standardized
qualitative and quantitative data on stressinduced morphogenesis aberrations in wheat
leaf epidermis. Subsequently, these data can be used for verification of computer models
of leaf morphogenesis. Further study of the mechanisms of the effect of cold stress on
morphogenesis will add to the search for additional opportunities to increase wheat
yields in areas of risky agriculture.
Acknowledgements: The work was supported by the budget project 0324-2019-0040.
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Vcxomuplit MaTepyal MATKOM APOBOJ IIIEHNIIbI
Ha YCTOMYMBOCTD K IOIETAHUIO Y IPOJYKTUBHOCTD
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IToBbllLIEHHE YPOXKANHOCTH HEPA3PHIBHO CBSI3AHO C YCTOMYMBOCTBIO K IIOJETAHMIO,
KOTOpOe 0OYCJIOBIICHO aHATOMO-MOPQOIOTHYECKHMHU Npu3HakamMu crebust. [Ipu stom
JUTHHA CTE0JIS1 OTPULIATETIFHO KOPPEIUPYET C YCTOHIUBOCTHIO K rtosierannio —r =—0.570. ..
—0.670 (mpu R > 0.273), 4r0 XapaKTepHO U JUIMHE BTOPOTO HIDKHETO MEXKIOY3IHUSI —
r=-0.528...—0.781. B To e BpeMs YCTOMYMBOCTH K MOJICTAHUIO B OOJIBIION CTCTICHH
3aBUCHT OT JJIaMETPa BTOPOTO HIKHETO, ONOPHOTO MEXKIIOY3JIHUS, YTO TIOITBEPIKIACTCS
MTOJIOKHUTEIHFHON COMpsKeHHOCThI0 — ' = 0.476...0.586. I10M0KNTENBHO BBIPAKEHHBIE
Pa3INYHON CTETICHBIO COMPSIKEHHOCTH aHATOMHYECKUX MPU3HAKOB: YUCIIO U JTUAMETP
CBII, TOMIIMHBI CKJICPEHXUMHOTO KOJNbIIA M CTEHOK MEXIOY3JIHH C OCHOBHBIMH
aneMeHTaMu MOp(hOoJorur CTeOJIsi MO3BOJISIIOT MCIONB30BaTh MOCIEAHUE B KayecTBE
MapKEPHBIX MPU3HAKOB TP OIIEHKE COPTOB Ha YCTOMYMBOCTH K Tojeranuio. [1pu stom
CJIeIyeT YUUTBIBATh, YTO JUTMHA CTEOINs 10 3HaUMTENbHON crenenu (r = 0.655...0.756)
OKa3bIBA€T BIMSHUE HA MPOJYKTUBHOCTH, a moyieranue orpuuarensHo (r = —0.305...
—0.438) xoppenupyeT ¢ kKauecTBOM 3epHa: 0eok, kieiikoBuna, MJIK. HuskocrebenpabIC
COpTa, HECMOTPs Ha XOPOIIO BBIPAKCHHBIC AHATOMO-MOP(OIOTUYECKUE IMPHU3HAKU
cTeOnsi, cnabo ajganTHPOBaHbl K MECTHBIM YCIOBHSIM, IMO3TOMY HCIOJIB3YIOTCS B
CEJICKIIMOHHON padoTe Kak MpoMeKyTouHbie GopMbl. B TO ke BpeMsi cpeaHepocibie,
yCTOWYMBBIE K ToJieraHuio reHoTunbl CkananHaBckux ctpaH W CeepHoil EBporibr
JIOBOJILHO XOPOIIO aJalTHPOBAHBI K MECTHBIM arpoOKIMMATUYeCKHM YCIOBHSM, IJC
MOKAa3bIBAIOT XOPOIIYI0 MPOJYKTUBHOCTh U IUPOKO HCIONB3YIOTCS B CEICKIIMOHHOW
pabote. 13 usydyenubix 126 coprooOpasioB kouiekuiun BHP — 12 ycroiiumBbie K
MOJIETAHUIO, C BBICOTOM pacTeHuii 76-93 cM, mpu BbicoTe cTaHAapTa TromeHckas 29 —
8695 cMm m monerammm 3-4 Oamma. Cpeaw HUX MIECTh copTooOpasioB: Aletch
(x-65011), Remus (x-66025), Trappe (k-66027), Lona (x-66030), Greina (x-66031),
Toronit (x-66032) u Molera (k-66033), B OJIArONPUATHBIX YCIOBHSX BbIICIHINCH
JIOBOJILHO BBICOKOM CpeIHEH ypoKaiHOCTBIO0 — 0T 497 10 567 r/M2 pu 0CpeaHEHHOM
craugapre Tromenckas 29 — 447 r/m2. Coproobpasusl: Aletch (x-65011), Toronit
(xk-66032), India 288 (xk-65116), Maxop (k-65271), I'perana u ABUAla ycToi4IuBEI
K TpeayOoopodyHOMYy MpOpacTaHuio 3epHa B Kosoce. lloBeimennas 6enkoBocth (17.3—
17.7-18.0 %) nabmoganace y buceprtu, XXurymnesckolt, Tromenckoit 29 u boeBuankm.
BBICOKOIT IPOLYKTUBHOCTBIO BhIAENsAtOTCs Jin Mai 71 (k-65813) (559 r/m2), Apxka (561),
I'penana (592) u Anabyra (633 r/m2). BeiieneHHbIE COPTOOOPA3IBI PEKOMEHIYIOTCS LISk
CHUCTEMHBIX CKPEIINBAaHUH, CTYTIEHUYAaTON THOPUAN3AINH U OEKKPOCCHON CEJIEKIINN.
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Bce Bozpacraromue TpeOOBaHMS MPOU3BOJCTBA K YPOXKAWHOCTH U TEXHOJIOTUYHOCTU
COPTOB TOpOXa MPEIOJIAraloT CO3JaHHE B TICPBYIO Ouepe/ib MHTCHCHUBHBIX COPTOB.
OTUM TpeOOBaHMSM OTBEYAIOT CO3JAHHBIE M 3apErHCTPUPOBAHHBIC B TMOCICIHEE
necsruietue copta Pycs, Kymup u Tomac. CopTa KOpOTKOCTEOETBHEIC, CPEAHECTICITEIE,
YCTOf/'I‘IHBBI K ITOJICTAaHUIO U IO KaYCCTBY CCMSAH OTHCCCHBI K IEHHBIM. HOTeHHI/IaHBHaH
MPOIYKTUBHOCTh COPTOB paBHa 5—6 T/ra. PeanbHas ypokallHOCTh, MOJy4eHHas 3a
2010-2018rr., mpuu3ydyennn B KCU cocraBuna: 3.53 /ra—y Pycu, 3.96—y Kymupa,4.00—
y Tomaca. Copra OTIMYAIOTCSI OTHOCUTEIHHO BBICOKOH CTaOMIIBHOCTBIO YPOXKAHHOCTH.
Jaxe B ocTpozacynumBbiii 2012 r. OHM PEBBIIIANIN [T0 3TOMY TIOKa3aTeII0 CTaHAAPTHBIN
copt Smansckuii Ha 7.3-21.0 %. PeanpHas ypoKaltHOCTH COPTOB B IIPOU3BOJCTBE ObLIA
omu3ka k moreHmanbHoi. B 2010 . 8 KX «[Twyena» ¢ 20 ra 6pu10 HamonodeHo 1o 6.0 T
ropoxa Pyce, a B KX [labanuna 3a 2015-2017 rr. noxyueno no 3.8—4.2 1/ra ropoxa
Kymup. Copta co3nanbsl MeTogoM rudpuamzanni. OTO0ps! B MMTOMHUKAX HPOBOIMIUCH
COIJIaCHO BBIABJICHHBIM 3aKOHOMEPHOCTSIM (OPMUPOBAHUS YpPOXKAaHHOCTH COPTOB
3€pHOBOI0 ropoxa B YCIOBHSX JiecocTenu TroMeHckor obnactu. Mtoru usydenus 36—
45 cenexunonHbIx JuHUE ropoxa B KCU 3a 2014-2018 rr. mokazanu 6osiee TECHYIO
B3aMMOCBS3b YPO)KaWHOCTH ¢ Maccoil ceMsH ¢ omHoro pactenus (r = 0.769—-0.909 3a
2014-2017 rr. mpu mopore 5 % npocrosepHoctu 0.294-0.320). U tonmbko B 2018 T. cBA3B
OnL1a cmabast, Ho mocToBepHas (= 0.370-0.329). BzaumocCBs3b ypOKaiftHOCTH C TYCTOTOM
CTOSTHUS TIPOAYKTUBHBIX pacTeHuil Obuta 3HauuTensHO crnadee (ot 0.167 mo 0.597) u
Yalie HEeJOCTOBEPHOW. DTO CBSI3aHO C TEM, YTO JO KOHKYPCHOTO COPTOMCHBITAHHUS
«HIOXOOATY JIMHUU, YCTOI>'I‘II/IBLIC K CTPCCCOBLIM CUTyallUsAM PE3KO KOHTHHCHTAJILHOI'O
KiimMara 30HBI. FYCTOTy CTOSAHUA paCTeHI/Iﬁ B IMUTOMHUKAX IMOAACPKUBAECM COIJIACHO
pEKOMEHIAaMAM Ui 30HbI, BhiceBas 120-130 3epen ma 1 M2, B3amMoCBA3b Macchl
CEeMSIH OJTHOTO pacTeHHs C DJIEMEHTaMH, €€ CIaralolMMH, TaKKe He OJHO3HAYHA.
Jlokazana Hanbosiee TeCHasi CBSI3b MAcCChl CEMsIH ¢ KOJIMYECTBOM O0OOB Ha pacTeHUH
3a 20152018 rr. (r = 0.509—-0.818), u Tompko B 2014 T. cBs3H OoTCyTCTBOBasIa. CBS3b
C KOJIMYECTBOM 3epeH B 000e Oputa 3HaumTenbHO ciadee (r = 0.063-0.519) u gacrto
HEJ0CTOBEPHON. B3amMOCBI3b B aHANM3UpYyeMOM HabOpe JTUHUI ropoxa MacChl CEMSH
OITHOTO pacTeHUs U ypokaitHocTu ¢ Maccorr 1000 ceMsiH OTCYTCTBYET.
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Co3gaHne 1 O1jeHKa TMOPUIHOTO MaTepuana s ceeKIn
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Kpynnomnoanas 3emnsinuka (Fragaria x ananassa Duch., 2n = 8x = 56), 6naronaps
[EHHOMY MHKPORJIEMEHTHOMY COCTaBY STOJ M MX JUETHYECKUM CBOMCTBaM, 3aHUMa-
eT JUJIUPYIOLINE MTO3UIMHA B MHUPE 110 3aHMMAaeMbIM IUIOIIASIM U 00bEeMY MPOAYKIIUH.
B Hacrositiee BpeMsi CeNeKIHs 3TOW KyJIbTypbl HAITOIHUIIACH HOBBIMU HAIPaBICHUSMU.
[MosiBIITUCH COpTa ¢ PO30BBIMU U SIPKO-KPACHBIMHU I[BETKAMH, Pa3BHUBACTCS HAIPABICHUE
CO3/1aHusI HeUTpaIbHOMHEBHBIX F1 rHOpHUI0B, penpoayiupyeMbIX CeMEHaMHU, CO3/1at0T-
Csl copTa TOJ BhIpAlllMBaHUE B 3aKPHITOM TpyHTE | T.J. OJHUM M3 aKTHBHO pa3BUBae-
MBIX HalpaBJICHUN COBPEMEHHOW CENIEKIIMU KYJIbTYpHI SBISIETCS CO3J[aHHE HEUTpPallb-
HOJTHEBHBIX COPTOB, KOTOPHIE MOTYT HETPEPHIBHO TUIOJIOHOCUTH HE3aBUCUMO OT JIJTHHBI
CBETOBOTO JHS. Takue copra XOpomio cedsi 3apeKOMEH IOBAIU ISl BBIPAIIMBAHUS B 3a-
KpbITOM TpyHTE. OJHAKO HEHTPaTbHOAHEBHBIE COPTA OTEYECTBEHHOTO MTPOUCXOXKICHUS,
MIPUTOIHBIE JUTsl BhIpanuBanust B CHOUPH, MPAKTHYECKH OTCYTCTBYIOT. Llenb maHHOTO
WCCIIEZIOBAaHUS — paclIupeHue TeHOPOH 1a HEUTPaIbHOIHEBHOM KPYITHOILIOAHOHN 3eMJIs-
HUKU TS TOBBIIICHNS d()()EKTUBHOCTH CEJICKIIMOHHOM paboThl. B paboTe ucmonb3oBa-
JIM BHYTPUBUJIOBYIO THOPUIM3ANNIO (COPTOIUHEHHbBIE U MEXIIMHEHHBIC CKPEIIIMBAHNUS,
WHOPUIMHT) U MEXBHJIOBYIO THOpUAM3aIKio. B kauecTBe Marepuaa Jiist oroopa ucciie-
JIOBaHUS MCIIOIB30BAINA IOTOMCTBO OT CKPEIIMBAHUMN, UCTIONB3Ys B KAYECTBE MATCPHH-
ckux (¢opm HelTpanbHonHEeBHBIE rHOpuab! Ne 08/15-4-5, 08/17-4-5 u 3-6, monyyeHHbIe
B pe3yJIbTaTe MOCIIE0BATENIbHBIX CKPEIINBAHUI M OTOOPOB MO0 HEUTPAIBHOTHEBHOMY
TUITy LBETEHHUs, a B KadecTBe ombutuTenst — ruopua OD-33-2011 ogHOKpaTHOTO THIA
LBETEHHUSI, OTOOPAHHBIN 32 TIO3IHECTIEIIOCTh, KOMITAKTHBIN rabUTyC KyCTa, IUNIOTHOCTh U
XOPOIINH BKYC STO/BI, TEMHOOKPAIIEHHYI0 MSKOTh, HU3KYIO T00eroo0pa3oBaTelIbHY IO
CIOCOOHOCTH U OTHOCHUTEIIbHYIO YCTOMYMBOCTH K O0Je3HssM. OCHOBHOE BHUMaHHE OBLIO
VIEIICHO OIICHKE CEJICKIIMOHHOTO MaTepualia Ha alalTHBHOCTh, YCTOWYMBOCTH Ha €CTe-
CTBEHHOM HMH()EKIMOHHOM (DOHE, 3JIEMEHTaM MPOIYKTHUBHOCTH. B pesynbrare aHanmza
CEMEHHBIX MIOTOMCTB B TEYCHHUE JBYX JIET OTOOpaHO 26 HEHTPaTbHOAHEBHBIX THOPHIOB
u 12 ¢ ogHOKpaTHBIM THUTIOM I[BeTeHHsI. OTOOPaHHBIC B MOJIEBBIX YCIOBHSIX PACTEHUS
OTJIMYAIOT KPYITHBIC, CPETHETUIOTHBIE SITOJBI C XOPOILINM BKycoM (4—5 6auioB), yCTOM-
YHBOCTh K ITPUOHBIM 3a00JI€BAHUSM U 3aCyXe, HU3Kas 1moderooodpazoBareibHasi crocoo-
HOCTh. B Hacrosiliee Bpemsi Mareprall pa3MHOXKAETCsl BET€TATHBHO IS AalIbHEHIIEro
CKPUHHHTA B KOJIOTHYECKHX UCIIBITAHHUSX M MTOCIEAYIOMIETO BBIICICHHS JJINT.
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InureHeTmyecKme MexaHu3Mbl KaPMOFeHOMHOﬁI CHIICTEMbI
3penbIX 3ap01u)1111e17[ NIMEeHn1IbI, BbIBCILCHHOﬁI B yCIOBMAX
X0/I0JOBOTO CTpEcca

WBanosa D.A.*, Baduna I"X.
Ypumckuii unemumym 6uonoeuu YOUL] PAH, Y¢ha, Poccus
* e-mail: fiona_belobor@mail.ru

Ilonnmannem 0a30BO OCHOBBI 3aKOHOMEPHOCTEH MOP(OTCHETHYECKOTO pPa3BHUTHS,
0COOEHHO B YCIOBHSAX THOpHAM3ALMHM PACTEHUH, 3aHMMaeTcsl OMOMH(OpPMalMOHHAs
HayKa, KOTOpas C OTOW Ienbio paspabarbiBaeT d3(ddexTuBHBIE HH(POPMAITUOHHO-
KOMIIBIOTEPHBIE TEXHOJOTHH, UCXOMs M3 TOTO, YTO B OCHOBE JIOOOTO NMpHU3HAKA JIEKUT
TeHHast CeTh — QYHKIIMOHAIIbHAS TPYIa KOOPAHHUPOBAHHO KCIIPECCUPYIOIINXCS TEHOB.
B psine Takux paboT BUPTyalbHO BbIIENEH UX OJIOYHO-MOIYJIBHBIN XapakTep, rae OIoKu
TeHHBIX CeTell 00pa3yloT HepapXHUYeCcKyl0 CTPYKTYpY, B KOTOPOH BKITFOUEHHE TIOpSIKa U
BPEMEHH COOTBETCTBYIOT (HOPMUPOBAHHIO MOP(POPU3NONIOTHIECKUX KOMIAPTMEHTOB.
CBsi3p MeXay OJIOKaMH TEHHBIX CeTeH OCYIIECTBIISIOT CHUTHAJIBbHBIE MOJEKynbl. [lo
CPaBHEHMIO C OMOXMMHYECKHMH TPU3HAKAMU MOJICKYIISPHbIE MEXaHM3MBI aJalTUBHON
SBOJIONMU MOP(OTCHETHYECKUX TPH3HAKOB W3y4eHbl ciabo. B Hacrosmiee Bpems
METOIMYECKNH TPOTPecc CHIBHO NMPOABHHYI MOHUMAaHUE MOJIEKYIIPHO-TEHETHUECKOH
opranuzanmy uHTEepda3Horo sapa. CTaHOBHUTCS OYEBHAHBIM, 4YTO (DYHKIIMOHAIbHAS
JUHAMHUKa JOMEHHOW TOIOJOTHH HHTEep(a3sHOro XpOMAaTHHA BOBJIEYEHA B KOHTPOIb
PETYISALNY Pa3InYHBIX B3aHMOCBSI3aHHBIX 0230BBIX IIPOIIECCOB B OMPEACICHHBIX 00IaCTIX
saapa. Mbl IPeANIoNoKIIN, YTO OIMH U3 MEXaHU3MOB B CYNPaJOMEHHON peopraHu3annu
XpOMAaTWHOBOM MAaTpHUIIBI MOXET BBINONHATh Arg-X TpoTEazo-mpoleccuHr. ITo
MIPEATIONOKEHNE OCHOBBIBAETCS HAa TOM, YTO XPOMATHH sijapa OoraT apruHHUHOM, W W3
BCEX aMHHOKHCIIOT TOJIBKO OH CIIOCOOEH CBSI3BIBATHCS C ONPENEIICHHBIME ITyPUHOBBIMHU
u mupumuanHOoBeIMU ocHoBarusMu JIHK. Llenpro mannoit paboTel OBLUTO paccCMOTpPEHIE
KapuOTeHOMHOTO aHalin3a JIoKaim3aiuu Arg-X TMpOIEecCHHra B  TOIMOJIOTHYECKH
ACCOIMMPOBAHHBIX CYyNMpallloKax T'eKCAIUTOWIHON CHCTeMBI MHTep(a3HOTO XpoMaTHHA
B 3peNbIX 3apojiblliax MIIEHHII, aAalTHPOBAaHHBIX K XOJIoM0BoMYy cTpeccy. OObekToM
WCCIIEIOBAHUS CIIY)KWIIM CeMeHa CyrnepanuTsl mmeHun (Triticum aestivum L.) copta
AptemMoBKa (s1poBasi) U BBIBEJICHHOTO U3 Hee copTa MupoHoBckast 808 (o3umast), moiydeH-
HBIX U3 KoJulekuuu Bceepoccuiickoro uHcTuTyTa pactreHueBojactsa uM. H.M. Basuiosa.
DKcnepuMeHTalIbHasE paboTa OblIa TMPOBEIEHA Ha OCHOBE COOCTBEHHBIX I1aTEHTOB:
(1) mo omenke MOpPHODUINOIOTHISCKOTO COCTOSHUS TPOKITIOHYBIIUXCS 3apOIBIIICH;
(2) BBIIETIEHHBIX U3 HUX KJIETOYHBIX s71ep U (3) UX CYNPacTPyKTyPHBIX aHCaMOJIeH, a TaKkKe
(4) HETCTOHOBBIX M TUCTOHOBBIX OEJKOB, B KOTOPBIX (5) BBIsBIICHA JIoKamm3anus Arg-X
MpOTea3o-MpoliecCuHra. BriepBbie 3KCIIEpUMEHTAbHBIC JaHHBIC MO AMUTCHETHUECKUM
MeXaHH3MaM KapHOT€HOMHOTO HWHTep()a3HOTro XpOMaTHHA TeKCAIUTOMTHON IIICHHUIIBI
MPEACTaBICHBI METOJAMH SIMTUONOXMMHUU C IPUMEHEHUEM TEPMHUHOJIOTHY KAPUOTCHOMHUKH.
Brb1siBiIeHBI 30HBI JTOKaMH3auH A7g-X IpOTea30-MpoIeCCHHTa B HETUCTOHOBBIX H KOPOBBIX
THCTOHAX, TOMOJOIMYECKH ACCOLMHUPOBAHHBIX KapPHOT€HOMHBIX JOMEHAX, B KJIETOYHBIX
Spax ME30KOTHIICH BET€TaTHBHOTO IIEPHO/Ia POCTOBOTO MOP(OTeHe3a 3peItbiX 3apobIIIeit
TIIIEHUIIbI, aJalITHPOBAHHON K X0JI010BOMY cTpeccy. [IpuBeneHHbIe JaHHbBIE HEOOXOIUMBI
JUI pa3pabOTKH JIOTHKO-MaTeMaTHYeCKUX CXeM TEOPHH M TPAKTHKH OHMOJIIOTHYECKOH
crenn(UIHOCTH U MOTYT BOMTH B 0a3y AaHHBIX OHTOJOTMM CTajuil pocTa W Pa3BUTHUS
KapHOTEHOMHBIX PAaCTCHUH.
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ITepciekTHBBI CO3IaHMA TONO3€PHBIX COPTOB OBCa
B 30He CeBepHOII tecocTenu TroMeHCKOIT 06macTu

Npanoga 1O.C.*, ®omunra M.H., ITait O.A.

Hayuno-uccredosamenvckuil uncmumym cenbckozo xossiicmea Ceeeprnozo 3aypanvs —
Gunuan @edepanvrozo uccredosamenvckoeo yenmpa TiomHI] CO PAH, noc. Mockosckuil,
Tiomenckas obnacmeo, Poccus

* e-mail: averyasova-uliy@mail.ru

Coznanne ToI03epHBIX COPTOB OBCA — OJTHO U3 MIEPCIIEKTHBHBIX HAIPABICHNH CENEKIINU
B Mupe. OBec — KylIbTypa yHUBEpCAIbHAs M MIMPOKO MCIOIB3YETCs KaK Ha KOPMOBBIE,
TaK W TIPOJOBOJILCTBEHHBIE HEiH. {7 co3maHns HOBBIX COPTOB TOJIO3EPHOTO OBCa
HEOOXOAMMO YUUTHIBATh OCHOBHBIE HAIIPABIICHHSI: CKOPOCTIEIOCTh, UMMYHHUTET, BBICOKOE
KadeCTBO 3€pHA, ypPOXKANHOCTh, TEXHOIOTMYECKHE U MOP(OJIOTHIECKHE MOKa3aTelH.
B cBs3u ¢ aTHIM ipoBeieHa orieHKa 2 13 To103epHBIX 00pa3ioB 0BCa PA3TMIHOTO KOJIOTO-
reorpapuuecKoro MpoNCXoKAeHHs. [ BKIIIOYEHHS B CENEKIIMOHHBIN MPOIECC MOTYT
OBITH PEKOMEHIOBAHBI TIEPCIIEKTUBHBIE 00pa3I(bl, COYETAIOIINE BBHICOKYIO MPOAYKTHB-
HOCTh M cKopocrienocts: k-15014 Jlepma (Kemeporckast obnacth), k-15136 Avenuda
(Jakub) (Uexus), k-15137 Detvan (CnoBakus), k-1926 HUU-LESS (Kutaii). Beigenensr
HMCTOYHUKHA KOMIUIEKCHON YCTOMYMBOCTH K IIBUIBHOM TI'OJIOBHE, KOPOHYATOM pKaBUMHE
U KpacHO-Oypoil marHmcTOCTH: K-14365 bemopycckuii romosepusriii (bemopyccus),
k-11663 Caesar (I'epmanns), x-15094 MF9521-247 (CILA), x-15091 MF9224-336
(CHIA). ITo GmoxmMHYECKMM TIOKa3aTeNIsIM KadecTBa 3€pHA BBIIEJICH MEPCIIEKTHBHBIN
WCXOIHBIN MaTepuall JJIsl WCIOJIh30BAHUS B CEJIEKIIMOHHOW MpakTuke. B sTom mmane
OoxpmIoit nHTEpec mpeacTaBisoT: K-15132 Mectubiii (Opannus), k-14944 MecTHbli
(Hunepnananer), k-2353 Mectasiii (CLIA). Ocobo ciexyer otmMeTuth oOpaser k-2299
Polard (Kanana), koTOpbIif Hapsty ¢ BHICOKMMH IOKa3aTellsiMU KauecTBa (OpMUPOBAI
JIOCTaTOYHO BBICOKMI ypoxail 3epHa. BblaeneHbl UCTOYHUKH XO3AMCTBEHHO LIEHHBIX
MPU3HAKOB, KOTOPBIE MOTYT OBITh PEKOMEHJIOBAHBI JUIS MCIOIB30BAHUSA B CEJEKIIUU
OBCa TOJIO3EPHOIO Ha TPOJIOBOJILCTBEHHBIE IIeH: 0€3 OMyIIeHUs] 3ePHOBKH — K-2122
Avoine nue grosse (®pannms), k-14602 Krypton (Bemukobpurtanus), k-15305 Gehl
(Kanana); ¢ HU3KMM cofepKaHUeM IUIeHYaThIX 3epeH — K-5321 Mectubiit (Ilepmcekmii
Kpaii), k-7439 Mectusiii (KpacHosipckuii kpaii), x-14719 Banapoynuk (bemapycs),
k-15120 Toma (bemapych); KpyHmHO3EepHBIE C BBHICOKMM COAEPIKAHWEM JHIOCIIepMa —
k-8427 Mectnspiii (IIpumopckuit kpait), k-8739 lonmoszepusnii (Mopaosus), k-14717
Mymxuackuii (Jlennnrpanckas obnacts), k-14960 Bsarckuit ronosepusiii (Kuposckas
obmacte), k-14227 ber 2 (benapycs), k-14182 Hja 76037 N (Ounnsuauns), k-15299
Gkzalon (Monronus).
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Cenexkuys MATKOI ApOBOJ IMIIE€HNUIIbI
B YCTTOBUAX U3MEHAIOIIETOCA KIMMaTa

Hogoxarun B.B.
Tiomencruti nayunwiti yenmp CO PAH, Tiomens, Poccus
e-mail: natalya_sharapov@bk.ru

[TomHOE TreHeanornyeckoe APEBO COPTOB-POIUTENCH MO3BOJSET YCTAaHOBHTH Treorpa-
(U0 UX IPOUCXOXKIICHUS U OTIPENICIIUTh JMHAMHKY JTHM-(aKTOPOB CPEJIbl B JAHHOM Ieo-
rpaduueckoil Touke. OT0 naeT HHOOPMAIUIO O TeHETUKO-(PHU3NOIOTHYECKOH cucTeMe
aJIalTHBHOCTH POJUTENCH, KOTOpass MOXET ObITh TepeaHa THOPUIHOMY TMOTOMCTBY.
[Morernnenne kmumara TpeOyeT HACICJCTBEHHOTO TOBBIIICHUS 3aCyXO0yCTOWYHBOCTH,
KOoTOpasi OOyCIIOBJIEHA 3KOJIOTO-TEHETHYECKOW OpraHM3annedl KONWYEeCTBEHHBIX MpH-
3HAKOB, OTIEPHUPYIONIEH CeMbIo reHeTUKO-(hr3nonorndeckumu cuctemamu (I'dC), ompe-
JICNISIOIMME yPOXKai: aTTpaKkIiyi, MUKPOpaCTpeieTIeHUH aTTParupOBaHHBIX TIaCTHYE-
CKHX BEILIECTB, aJalITHBHOCTH, TOPU30HTAIBHOTO UMMYHHTETA, OTIATHI CyX0i OOMacChl
TM-(paKTopa MOYBEHHOTO MUTAHMUS, TOJIEPAHTHOCTH K 3aryHICHUIO M MPOIOJKUTEIh-
HOCTBIO (a3 oHToreHesa. OmHoi u3 ompenemnstomux sBiseTcs ['OC aganTUBHOCTH K
pas3HbIM JIuM-(akTopam B 30He. [lokazarenb aJanTHBHOCTH 3aBUCHUT OT B3aUMOJICHCTBHS
«rerotun—cpena» (BI'C), Mensiomerocst mpu CMeHe PaHroB MPOTYKTHBHOCTH COPTOB.
B CesepHom 3aypainbe u3 25 % reHeTHYECKOH COCTaBISIONICH B (POPMUPOBAHUHU YPO-
xaitHocTH, okoso 20 % oOycnosiensl BI'C. IposiBnenne yposkaitHOCTH pEe3KO CHHYKAET
3acyxa, KoTopast 00yCiIOBjIeHa 22 KOMIOHEHTaMH (PU3NOJIOTHIECKOTO ¥ MOpQoorinye-
CKOTO COCTOSTHUS pacTeHUH, BXoAAHUMH B ceMb ['@C. V3 HUX Ba)KHBIM KOMIIOHCHTOM
SBIISIETCS] KOPHEBAsl CHCTEMa, N3MEHSIONAscs B OHTOTeHe3e. KpynmHbIi 3apoibii uMe-
eT xopouo audQepeHIUpoBaHHbIC IEMEHTBI, YTO MO3BOJISIET OTOMPATh T'CHOTHUIIBI C
5—6 aKTMBHO PacTyIIMMHU 3apOABIIIEBBIMU KOPHSIMH. K KyIIEHNIO KOPHU MTPOHUKAIOT B
nouBy Ha 50-70 cm, konomenuto — 130-150 cm u x monuoit cnenoctu — 170-185 cwm.
[ToBrIIeHne 3aCyX0yCTOMYNBOCTH JIOJIKHO OBITH HAIIPABJICHO HA HCITOIB30BAHHUE TUKHUX
Bu1OB. [Ipumepom storo cimykut copt CepebprHa — coMaTudecKas THOPUIN3AIHS HH-
teHcuBHOU Kazaxcranckoii 10 u HEIKCTPUPYTHPOBAHHOTO SAEPHOTO MaTepHalia MbIpest
CH30T0, OTIIMYAIOIIASCA COYETAHHEM 3aCyXOyCTOWYMBOCTH C BBIHOCIHMBOCTBIO K I1aTO-
TeHaM U BpeIUTeNs M. 3aCyXOyCTOWYMBOCTh M aJalTUBHOCTD MIIEHULBI TOBBIIIAIOTCS
C MOMOIIBIO TPAaHCTEHE3a — BBEJCHUEM T'€HOB aM(UIMUIUIONJIOB, IyTEM BCTPaWBaHUS
gyxepoauoi IHK B renom penumnuenta. [lomydensr cenekunoHabie (POPMBI C yIacTH-
eM Tputukane u Sphaerocaccum. ['®C MOIUTEeHHOTO MMMYHHUTETA (TOPU30HTATHHOM
yctoitunBocti) — UMM 00ycioBieHa CUIbHBIM KYTHKYJISPHBIM BOCKOBBIM HAJIETOM
JIUCTHEB, CTEONS 1 KOJIOCA, MPETSITCTBYIOINM MPOPACTAHHIO CIIOpP — CENTapro3a, PikaB-
YHHBI, MyYHUCTON POCHI, U HETaTUBHOMY BIUSHUIO 3aCyXH. ['yCTOE OIymieHue JUCThEB
M JIUCTOBBIX BIIATAJIMI TMPEIOXPAHAET OT MOPAKEHHUS CKPBITHOCTEOCNBbHBIMH M KaK
anp0e0 mpenoxpanseT oT Harpesa. [loBbieHne ypoKaliHOCTH JOKHO UATH 33 CUET
ONTHUMAJIBHOTO COOTHOIIEHUS 03epHEHHOCTH Kosoca (30—34 miT.), aOCOMIOTHOW MaCCHhI
3epHa (38—41 r) u ero npoxykruaocTH (1.1-1.2 1). IIpn Xoporeii TonepaHTHOCTH K 3a-
rymennio — 530-600 konocseB/M2, pOpMUPYETCS ypOXKAHHOCTH 5.8—7.2 T/ra.
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VicxopHb1il MaTepuail i1 CO3JaHNA COPTOB OBCa
YHUBEPCATbHOIO ICIIOTIb30BAHM

IMaii O.A."2* ®omuna M.H." 2, Usanosa 10.C."?

' Tocyoapemeennviii azpapnwiit ynusepcumem Ceseprozo 3aypanvs, Tromens, Poccus

2 Hayuno-uccie0o8amenbCkutl uHCmumym ceibekoz2o xossiicmea Ceeéephozo 3aypanvs —
Gunuan @edepanvroo uccredosamensckoo yenmpa TiomHI] CO PAH, noc. Mockosckuil,
Tiomenckas obnacmo, Poccus

* e-mail: ola92ola@mail.ru

B ycnoBusix Ceseproro 3aypanbs B 2016-2018 1T, OblIa TpoBeZieHA KOMIUICKCHAS
ommenka 80 KoUIEKIMOHHBIX o00pasnoB (w3 xomnekiuun @OI'BHY  ®denepanbublit
HCCIIE0BATENIbCKUI  LEHTp «BcCepocCHHCKUIT MHCTUTYT T€HETHMUECKUX PECypcoB
pactenuit um. H.W. BaBunoBa») u 22 ceneKIMOHHBIX HOMEPOB, co3nanubix B HUMCX
CeBepHoro 3aypainbsi. Pe3ynbrarhl H3yudeHHs [OKa3ald JIOCTaTOYHO BBICOKYIO
W3MEHYMBOCTh 10 YPOXKAMHOCTH 3€pHA, 3€JICHOM Macchl W COOpPY CyXOro BEIECTBA.
Csoimre 30 % n3ydeHHBIX 00pa3oB (POpMUPOBAIN BEICOKHN ypOrKail 3epHa, HO yCTYyTalll
craugapry (Tamucman) mo yporkaro 3eJI€HOM MacChl U COOPY CyXoro BemecTBa. bonbias
gacTh 00pasmoB (52 %) mpeBocxommina craHmapt (TammcmaH) mo yposkaro 3eJIeHOM
Macchl M cOOpy CyXOro BEIeCTBa, HO YCTyIalia eMy 1o ypoxkaro 3epHa. [lepcrieKTHBHBIN
WCXOJIHBIA MaTepual JUls CO3aHusl COPTOB OBCA YHHUBEPCAIBHOTO HCIIONBb30BaHUs (Ha
3€pHO U 3€JICHBII KopM) cocTaBui 16 %. bonbiioit mHTEpec B ATOM IUIaHE MPEACTABIISIOT
Homepa: K-14376, Avalanche, (®panmus); K-15279, 50h2035 (MockoBckasi 00/1acTh),
TM 08-123-5, TM 04-22-2, TM 07-84-8, TM 08-140-2, Tobomsik (TromeHCKast 007acTh).
Brigenennsie 00pasis! popMupoBany ypoxaii sepaa ot 544.3 1o 615.9 r/m? (npu ypoxkae
crangaptHoro copra Taaucman 524.5 r/m?%). C60Op CyXOro BEIECTBA Y HUX BAPbUPOBAI
or 1367.8 no 1490.5 r/m?2, y crangapraoro copra Tanmucman — 1263.7 r/m2.
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Iereposuc y 56-XpOMOCOMHBIX AIIOMUKTUYHBIX
KYKYPY3HO-TPUIICAKYMHBIX TMOPUOB

[Manuxus [1.A.">* Cokonos B.A.!
2

Y Unemumym monexynaprou u kiemounou ouonocuu CO PAH, Hosocubupck, Poccus

2 BeepoccuticKuil uHcmumym 2eHemuyeckux pecypcos pacmenuil umenu H.H. Basunosa,
Canxm-Ilemep6ype, Poccus

* e-mail: panikhin@mcb.nsc.ru

Amnomukcnc  00fagaeT TOTEHNHAJbHOW BO3MOXKHOCTBIO — PEBOJIOIMOHM3HPOBATH
PaCTEeHNEBOJACTBO U 3HAYUTEIHHO MOBBICUTH PEHTAOEITHFHOCTh U YPOXKaWHOCTH B ATOM
BECbMa 3aTPaTHOM OTPACIM CEJIbCKOTO XO03sKcTBa. Bee nelicTByromye B HACTOsIIEE
BpeMs CENEKIIMOHHBIE TEXHOJIOTHH TI0 HCIOJBb30BAaHUIO TETEpO3nca OCHOBAHBI Ha
paboTe ¢ CEKCyalbHO PAa3MHOKAIOIIMMKCS PAcTCHUsSMHU. B 3TO# CBsI3M OHU HECYT
CBOMCTBEHHBIN UM HEJOCTATOK — CETPETALMIO 110 XO34MCTBEHHO LICHHBIM IIPU3HAKAM B
psaxy noxonenui nocie Fy, 4ro TpeOyeT NpoBEICHUS €KETOIHOIO U OYEHb 3aTPATHOIO
BOCIIPOM3BOJICTBA THOPUIOB. DTa mpoliieMa MOXKET ObITh pEIICHA C MPHUBICUCHUEM
OecrionoceMeHHOTO pa3MHOXKeHHs. OOMH W3 MyTed MPAaKTUYECKOTO HCIIOIb30BaHUS
arlOMHUKCHCa IS 3aKPeIyIeHUs TeTepo3uca CBA3aH C 3aUMCTBOBAHHEM €r0 y JIUKHX
coponnyei KyJIbTypHBIX pacTeHUd. B 2Toi CBA3M HEOOXOMUMO OIICHUTH, KaK CHIHHO
TeHETHYECKHI MaTepHal JUKOTO POAUTENsT OyleT BIUSATH HA DKCIPECCHUIO THOPUIHON
MoIHOCTH. VccnenoBanus, IpoBeIEHHBIE HA PACTEHUAX Pa3HBIX POJOB, TOKA3BIBAIOT,
YTO MEKBHUJIOBbIC THOPHUJIBI, KaK IPABHIIO, MIPOSIBISIOT 00Jiee BHICOKUH TeTepO3Hc, YeM
BHYTPUBHJIOBBIE THOPH/IBI, €CIIM T€HETHYECKas pa3HUIa MEXy BUAAMU WM POJIaMHU
HE Melaer UM (OpPMHUPOBATH COBMECTHMbIe CKpemiuBaHusi. C IENbI0 3aKperuieHUs
reTepo3nca y KyKypy3bl W TIONYyYEHHS MEPCHEKTHBHOIO CEJIEKIIMOHHOTO Marepuaia
OBUT TIpEIOKEH MYTh THOpUAM3AIMU MEXIy Zea mays W ITripsacum dactyloides
(2n = 4x = 72) — noHOpa MpU3HAKa ATTOMUKTUYECKOTO criocoba penpoaykunn. CoznaHue
56-XpOMOCOMHBIX KYKYpY3HO-TPHIICAKYMHBIX THOpunoB (2n = 56 = 20Zm+36Td)
CTPOMJIOCH TI0 CXEME IOCIIE0BaTeNbHON THOPUAN3AINH JIUHUN KYKypy3bl (JTuHuS 573
1 muHuA 611), Mcnonb3yeMbIX I MONydeHHs KoMMmepdeckux rubdpuinos F,, ¢ rama-
rpaccoM. M3 monydeHHBIX (QOpM 56-XpOMOCOMHBIX THOpPHIOB TpH (OpMBI ¢
ponutensckumu 2n = 56 = (20Zm (nuuust 573)+36Td); 2n =56 = (20Zm (;uans 611)+
36Td) u rereposucuoii (2n = 56 = [(10Zm (uaus 573)+36Td)+ 10Zm (munus 611)]
KOMOMHAIIMAMH KyKypPY3HBIX T€HOMOB SKCIPECCHPYIOT MPHU3HAK allOMHKTHYECKOTO
BOCIpOM3BOACTBa. lccrmenoBanme maHHBIX (OPM IOKa3ajo, 4TO S6-XPOMOCOMHBIE
ANOMUKTHYHBIE THOPHIBI, Yy KOTOPBIX IMPHUCYTCTBYIOT T'€HOMBI JWHUN 573 n 611,
MPEBOCXOJIST KOHTPOJH, T/Ie 00a TeHOMa TOJNBKO OT OMHOW W3 ITHUX JIMHHK: 10 Macce
3¢pHOBKH, CKOPOCTH POCTa, OMOXMMHYECKUM TIOKA3aTelIM U yPOXKaWHOCTH 3EJICHOU
MAacChl, 4TO TOBOPHT O TOM, YTO Y JJAHHOW OPMBI THOPHIA DKCITPECCUPYETCS TETEPO3HC.
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durtocanuTapHas 06CTaHOBKA U BIMSIHNE HECTULINIOB
Ha ¢popMuUpoBaHMe YpOKas B arporeHo3ax

HOBBIX COPTOB APOBOII IMIIEHUIbI

CnobonunkoB A.A.
Cub6HUHUPC — ¢uruan Uncmumyma yumonozuu u eenemuxu CO PAH, Hosocubupck, Poccus
e-mail: slobodchikov@bionet.nsc.ru

s peanuzanyy MOTEHIMANa HOBBIX COPTOB IIICHUIBI B CEIHCKOXO3SHCTBEHHOM
MIPOM3BOACTBE, BAKHO HMMETb MH(POpPMAIMIO 00 HX TPYHIOBOM MM KOMILJICKCHON
YCTOMYMBOCTH K BPEJHBIM OpPraHU3MaM U UX OT3BbIBUMBOCTH Ha BHECEHHUE IECTULHIIOB
B Pa3IMYHBIX YCIOBUSX BhIpamuBanus. Takas nH(popMaus HO3BOJIUT ONITUMHU3UPOBATh
3IIEMEHTBI CHCTEMBbI 3aLMTHI JJIsl KaXKI0TO OT/IEJIBHO B3STOTO COPTA MILICHULIBI, COKPATHTh
3aTparbl M IOBBICUTH PEHTA0EIBHOCTH IMPOU3BOJCTBA, YIYUYIIUTh JKOJIOIMYECKYIO
00CTaHOBKY OKpyXaromiei cpezpl. CpaBHUTENbHYIO OLICHKY (UTOCAHUTAPHOM CUTYallMN
B IIOCEBAaX COPTOB MSTKOW SpoBOM miueHMLB! (paHHecnenbii — HoBocuOupckas 16,
cpennepannue — HoBocubupckas 41 n Cubupckas 21) npoomwim B 2018 . Ha
crarmonape CuOHUHWPC — ¢unman ULul" (B OIIX «DnutHOe»). Hammm ucciienoBanus
MOKa3aJl HEKOTOpbIC Pa3iIM4Ms MOPAKEHHOCTU IIOCEBOB MILEHHULBI OOJIC3HSMHU U
3acesieHHOCTH uX BpenutensiMu. Copt HoBocubupekas 16 cuiibHee Apyrux mnopaxancs
OOBIKHOBEHHOW KOpHEeBoW THWIbIO (6.8 %), Oypoil mucroBoil pkaBumHOil (5.2 %) n
centopuozoM (3.5 %), ero moceBbl MHTEHCHBHEE MOBPEKAAIUCH BHYTPUCTEOIEBBIMU
BPEIUTEISAMH, OJHAKO MEHBIIE MX 3acelisuik XJeOHas nonocaras onomka (164 mr./m?2)
W NueHuYHbId Tpurnc (59 nuumHok/kojnoc). Pacrenust muennns HoBocubupcekas 41
ciabee APYTrux Mopa)kaaruch OOBIKHOBEHHOM KOPHEBOM rHUIIBIO (2.1 %) 1 HOBpeKAaInCh
BHYTPHUCTCOIEBBIMU BpEIUTEISIMUA, B OOJBILCH CTENEHM MOPAXaaUCh MYyYHHCTON
pocoii (10.1 %) u 3acensumich XJaeOHOW mosocaroi Omomkon (252 mr./m2). Copr
Cubupckas 21 nposiBUII caMyto BBICOKYIO YCTOWYMBOCTD K JIMCTOCTEOCIBHBIM OOIE3HAM
(unpexc paszButus Oomesned coctaBua 0.4—1.2 %) u Obul MeHee MpHBJIEKATEIbHBIM
Ui meHnyHoro tpurnca (18 mumunHok/konoc). Taxke OH MOKa3zal camylo BBICOKYIO
YpOXaiHOCTb, KaK 0e3 mpuMeHeHUs! PyHIrHUUAOB U MHCEKTHLUAOB (5.13 T/ra), Tak u
C UX UCIIOJIB30BAHMEM B Pa3IM4HbIX codeTaHusx (oT 5.27 no 6.19 1/ra). Haumenburyio
ypoXxaiiHOCTh oTMevasn y copra HoBocubupcekas 16, B mepBoM cilyyae OHa COCTaBUIIA
2.87 1/ra, BO BropoM — u3MeHsu1ack oT 3.26 mo 4.06 1/ra. IlpomyKTHBHOCTH copTa
HoBocubupckas 41 BapbupoBaia B 3aBUCUMOCTH OT BapuaHta oT 3.91 mo 5.77 t1/ra.
TakuMm 00pa3om, H3ydaeMble COPTa ONPEAEICHHBIM 00pa3oM BIUAIOT Ha (POPMHUPOBAHHE
¢uTocaHUTApHOW CHUTyallMM B OTHOLUICHHM OONIE3HEH M BpeauTeNeH, MO-pasHOMY
OT3bIBAIOTCSl HA BHECEHUE NECTULUIOB U JAIOT Pa3IMyYHYI0 NPHOaBKy ypoxKas MpH UX
BHECCHHU.
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CocTosiHMeE ¥ IepCIEeKTUBBI CeNIeKIN 3epHOPYPaKHBIX KYIBTYP
B ycnoBuAX CeBepHOTo 3aypanbs

®omuna M.H.

Hayuno-uccredosamenvckuil uncmumym cenbckozo xossiicmea Ceeeprnozo 3aypanvs —
Gunuan @eoepanvrozo uccredosamenvckoeo yenmpa TiomHI] CO PAH , noc. Mockosckuil,
Tiomenckas obnacmeo, Poccus

e-mail: maria_f72@mail.ru

PaboThI M0 cO3MaHMUIO COPTOB SPOBOTO OBCA M TIMEHS B yCIOBUAX CeBepHOTO 3aypaibs
no koHna 1970-x IT. mpouuioro CTONETHs MpakTHYeCKH He Benuch. [lepswie copra
oBca (Tromenckmii 82, Baraif), co3nmaHHble B JaHHOM pErvoHe, ObUTH TOIY4YEeHBI Ha
onopaom nmyakre CuoHUMCX npu HUMCX Ceseproro 3aypanss. B 1981 . s HUMCX
Ceseproro 3aypanbs Oblia co3mMaHa JabOpaToOphsi CENEKIMH 3E€PHOBBIX M KOPMOBBIX
KyasTyp. CamocTodTenbHas 1adopaTopys 1O CeJIEKINN 3epHOPYPaKHBIX KYJIBTYp Oblia
opraam3oBaHa B 1995 r. 3a ucrexmuii meprnoj; BpeMeH! ObUIO CO3[]aHO U TepPEeIaHo B
TOCY/IapCTBEHHOE COpPTOMCHBITaHHE 15 copToB oBca M 9 copToB s;tumeHs. B HacTosmee
BpeMsl B [oCyapCTBEHHBIN peecTp CENEKIMOHHBIX JOCTUKEHUN BKIIFOUEHO 5 COPTOB
oBca (Meruon, Tammcman, Otpama, ®oma, TiomeHCKHII ronO3epHBIN) W 2 copTa
sumens (Abanak, 3ennt). [loTeHnnanbHast ypoKaiiHOCTh TUIEHYATBIX COPTOB OBca 6.0—
8.0 1/ra, rono3zepHoro — 4.0 1/ra, stumenst — 6.5-7.5 1/ra. Copra BHICOKOIUIACTHYHBI U
PEKOMEHI0BaHbI JIsl NCIIOIB30BaHusA B psife pernonoB PO (Mernon — 4, 10; Tanucman,
®oma — 10, 11, 12; Otpama — 9, 10, 12; Tromenckuit ronozepusrii — 4, 7, 9, 10, 11;
Abamak — 4, 10, 11; 3enut — 4, 12). Cenexmus oBca B CeBepHOM 3aypayibe BEACTCS
B JIByX HaIlpaBIEHUIX: CO3JJaHUE COPTOB 3€PHOBOTO THIIA M 3€PHOYKOCHOTO. PermaeTcs
TaKKe 3a/a4a 1O CO3JIJaHHIO COPTOB YHHBEPCAIBHOTO HCIOJIB30BaHMUA (Ha 3€pHO U
3eneHblii KopM). TakuM coproM, BHECEHHBIM B [OCymapCTBEHHBIN peecTp, SBISETCS
Tamucman. C 2018 1. rocymapcTBEHHOE COPTOMCIBITAHHE IPOXOJUT HOBBIA COPT
YHHUBEPCaJIHHOTO UCIOIB30BaHU — T000MAK. 3a roap! n3y4eHus B ycioBusx CeBepHOro
3aypanbst (MMTOMHUK KOHKypcHOro coprtoucnbiTanus 2014-2017 rr.) oH mpes3ormien
CTaHJApTHBIN copT TanucmaH 1o yporkaro 3eJIeHO Macchl Ha 5.3 T/ra, 1o cOopy Cyxoro
BeniecTBa Ha 1.3 1/ra, 110 yposkaro 3epHa Ha 1.0 1/ra. CesleKInOHHbBIC PA0OTHI 110 SYMEHIO
HaTpaBJICHbI IJIAaBHBIM 00pa3oM Ha IMOJyYe€HHE HOBBIX COPTOB KOPMOBOTO H MHUIIIEBOTO
WCIIOJIb30BAHNUSA, TAK)KE BEJETCS OTOOP HU3KOOENKOBBIX (DOPM, MEPCIEKTUBHBIX IS
MMUBOBAPEHHON MPOMBIIIEHHOCTH. B rocymapcTBEHHOE COPTOUCHBITAHHWE Tepe/iaH
BBICOKOTIPOAYKTHBHBIN cOPT stuMeHst KyJleCHHK, Y KOTOpOTo cojiep)aHue Oelka 3a roJibl
WCIIBITAaHUST HAa 3aKITIOUYUTEIHPHOM JTalle CeleKIMOoHHOoro mpomecca (2015-2018 rr)
coctaBmiio 9.58—11.68 %.
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OcHOBHbIE HaIpaBIeHN s CEIEKIIVIN ¥ CEMEHOBO/ICTBA JIIOI[€PHBI
B EBpomnerickoit Poccun

UYepnsasckux B.1.*, JlymaueBa E.B., bopomaesa X.A.
beneopoockuil 2ocyoapcmeennulil HAYUOHAIbHBIL UCCTed08amenvckull ynueepcumem, Beneopoo, Poccus
* e-mail: chernyavskih@bsu.edu.ru

Jlronepra — omHA W3 BaKHEUIIMX IIMPOKO PACIPOCTPAHEHHBIX JIPEBHUX MHPOBBIX KYIBTYD,
KOTOpasi SIBIISIETCS CIYTHUKOM HMHTEHCHBHOTO TOBAapHOTO JXHMBOTHOBOACTBA M CKOTOBOJCTBA,
TpeOYIOMMX U1 CBOCTO Pa3BUTHS IPOYHOH, CTAOMIBHONH M KAaueCTBCHHOW KOPMOBOM 0Oas3bl.
Ha coBpemeHHOM 3Tare HanOoliee HHTEHCHBHAS CEJIEKIIMOHHAs paboTa BEleTCs C HEeCKOJIbKH-
MU BuIamu pona Medicago: Medicago sativa L. m Medicago varia Mart. B ckpemmBaHus st
CO3/IaHUsl CIIELHAIM3UPOBAHHBIX COPTOB JUIS OCOOBIX YCJIOBHUI BO3J/IENbIBAHMS, HAIPUMED JIy-
TOBBIX IT0YB, 3aTOIUIIEMBIX ITOWM, YYaCTKOB C KHCJIBIMHU ITOYBAMH, MEJIOBEIMA OOHAKCHHUSAMU H
IIp., BKJIFOYAIOTCSI MEHEE pacipocTpaHeHHbie BUIbL: M. falcata auct., M. falcata subsp. romanica
(Prodan) Schwarz et Klinkovski, M. borealis Grossh., xapakrepu3syiomuecst BBICOKOH 3MMOCTOH-
KOCTbIO, CIIOCOOHOCTBIO K BO3/ICJIBIBAHUIO Ha 3aTOIUIIEMbBIX y4acTKax, KOPHEOTIPBHICKOBOCTHIO
u 1p. B HacTosmee BpeMs paboTa Mo CeJEeKIMH JIOICPHBI aKTUBHO BeaeTcs B benropomckoit
obmactu B benroponckoM rocyapcTBEHHOM HAIlMOHAIBHOM HCCIIEAOBATEIbCKOM YHHBEPCUTE-
Te Ha 0asze mpuponHo-TaHAmadTHOro KoMIuiekca «boraHnveckwii cam» U gaboparopuu OHo-
JIOTHYECKUX PECYpPCOB M CEIEKIMU PacTeHHd Kadeapbl OHOJOrHH, B TECHOM COTPYIHUYECTBE
C arpapHBIMH TpEANPHIATUSIMEU peruoHa. Co3maHBl U paioHHPOBaHBI copra: benroponckas 7,
Kpacnosipyxckas 1, Kpacnosipykckas 2. B TocygapcTBEHHOM COPTOMCIBITAHUM HaXOISTCS
copra AnekceeBckas 1 u Imopusa. Copra muddepeHInpOBaHHO PEKOMEHIOBAHBI K BO3JIEINbI-
BaHMIO KaK B YCJOBHSIX MHTEHCHUBHBIX CEBOOOOPOTOB, TAK M Ha HU3KOIPOJIYKTHBHBIX MOYBAX.
CenekipoHHast padboTa ¢ JOLEPHON KaKk KOPMOBOH KyJIBTYpPOH HalpaBlieHa Ha TOCTIKCHUE He-
CKOJIBKMX OCHOBHBIX I1€JIEH: MTOBBIIIEHHE IPOJYKTUBHOCTH KOPMOBOM MacChl B KOHKPETHBIX 1T0Y-
BEHHO-KIMMATHYCCKUX YCIOBUAX, YBEIHUEHHE cOOpa Oeika ¢ eIMHUIIBI TUIOIAAH U TIOBBIIIe-
HUE MepeBapuMOCTH KOpMOBOIT Macchl. [lapasiensHo Beaercs paboTa Ha MOBBIIIEHHE CEMEHHOM
MIPOIYKTHBHOCTH KaK OCHOBHI 3(h(heKTUBHOTO CEMEHOBOJICTBA. YCIICIITHAS CENIEKIIMOHHAs padoTra
HeMbICIMMa 0e3 CO3/laHusl CUCTEMbI YCTOHYMBOTO CEMEHOBOJICTBA KaK YKOHOMUYECKOH OCHOBBI
3¢ PEKTHBHOTO BHEAPEHUS JOCTIDKCHUN HayKu. TeCHOE COTPYIHIUYECTBO TPYIIITEI TI0 CEMEHOBO/I-
CTBY MHOI'OJIETHUX TPaB belaropoackoro yHUBEpCUTETa ¢ OAHUM U3 KPYNHEUIINX NPEANPUATUI
pernona 3A0 «IIpnocKobe» MO3BOIUIIO CO3MATh CHCTEMY MEPBHYHOTO M AIIUTHOTO CEMEHO-
BOJICTBA JIIOLIEPHBI Ha 0a3e COOCTBEHHBIX COPTOB. [110Ia M CEMEHHUKOB JIFOLIEPHBI B OT/IEIb-
HBIC TO/BI JOCTHUTAIOT 1.5 THIC. Ta, a MPOU3BOICTBO CEMSH BBICOKUX penpomykimid — 300 T1/rox.
BrioxeHne peHThl OT MCIOJIb30BAaHHS U pealii3aluy CEMsIH M03BOJSIET (PMHAHCUPOBATH CelleK-
IUOHHBIC TIPOTPAMMEBI COPTOB C UCIIOIB30BaHIEM METO/Ia PEKKYPEHTHON CENEKIINU, METOA I10-
JIMKpOCCa, THOPUIU3ALINY C UCIIOJIb30BAHUEM 71f-MyTalMii, MUKPOKJIOHAILHOTO Pa3MHOKEHUSI.
KomnmexmmoHHbIH QOHA JTIONEPHBI (HOPMHIPOBAJICS MPEUMYIICCTBEHHO Ha 0a3e TeHETHYECKOTO
Marepuaia, IOIy4eHHOTO B IMPUPOIHBIX YCIOBUAX perrnoHa. OCHOBOHM Ui HETO CTalIM KOJIJICK-
uH, coOpaHHbIe, HadnHas ¢ 60-X TOIOB MPONUIOTO Beka, Ha [1onTaBCKoll ONBITHOW CTaHIIMH IO
MHOTOJIETHUM TpaBaM, BO BcepoccuiickoM HHCTUTYTE paCTeHHUEBOACTBA, TEHETUKU U CETICKIHH
nM. B.S. FOpbeBa, benropoackom cenbCckoxo3iCTBEHHOM HHCTUTYTE. 3aTeM KOJUIEKLUH MOMOJI-
HSUIUCh 33 CYET MECTHBIX 00pa3lloB, OTOOPAHHBIX B OBPa)KHO-0aJOYHBIX KOMILIEKCAX C MEJOo-
BEIMH OOHQ)KCHHSIMH, COBPEMEHHOTO T'HOPHIHOTO MaTepualia, MOJIy4eHHOro B bemropoackom
TOCY/ITapCTBEHHOM HAIlMOHAJIBHOM HCCIJIEIOBATENbCKOM yHHBepcuTeTe. KOommeKius TonepHs! B
HacTosiiee BpeMst coctapisieT okoio 3000 Teic. 0Opa3IoB, COXpaHAEMBIX B BUIC CEMSH U JKU-
BBIX pacTeHuid Ha Teppuropuu boranuyeckoro cajna yHuepcutera. OTpabOTaHHBIE TEXHOJIO-
THH MUKPOKJIOHAIEHOTO Pa3MHOKECHUS ITO3BOJISIOT YCKOPUTH pa3MHOXKEHHE HamboJee IEHHBIX
¢dopm. Takum 00pa3om, co3naHHAsT CHCTEMA CEJIEKIUH U CEMEHOBOJICTBA JIFOLICPHBI [T03BOJISIET
MOJICP)KUBATh CTA0MIFHOE MPOHM3BOACTBO KAa4ECTBEHHBIX KOPMOB Ha OCHOBE CEJICKIIMOHHBIX
COPTOB JIFOLIEPHBI, aIaTUPOBAHHBIX K PA3TUYHBIM yCIOBUAM BO3/CIIBIBAHUS.
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TeHeTHMYeCKMIT TOTEHIMAT CUOMPCKOTO reHOGOH A
MATKOM APOBOM IMIIEHUIIbI

[llenomennena T.B.*, Hosoxatun B.B.
Tiomencruti nayunwiti yenmp CO PAH, Tiomens, Poccus
* e-mail: natalya_sharapov@bk.ru; regina-6087@mail.ru

B my3ee m3ywanochk 67 COpTOB CHOMPCKON ceneKknmu: paHHecmenbix — 20, cpemmHe-
crenbiX — 35 U Mo3AHEeCeNnbIX — 12, ¢ BBIPaXKEHHOM 3aCyXOyCTOHYMBOCTBIO K pPaHHE-
JeTHe 3acyxe u orpanndeHHo (1.3—1.7) mpoxyKTHBHON KYCTUCTOCTBIO. Y TIO3HECTIE-
JIBIX COPTOB KOJIOC I[HI/IHHBIﬁ u MHOFOSepHBIﬁ, YTO HNOATBEPIKAACTCA COIPAKECHHOCTHIO
MeXIy HUMU U iepuonoM KymeHus (» = 0.420...0.654) (mpu R > 0.325). YpokaitHOCTb
B OCHOBHOM (OpMHUpPYETCSl 3a CHET NPOAYKTHBHOCTH Kkonoca (r = 0.663...0.756).
Pasnonanpasnennas conpsokeHHOCT, Macchl 1000 3epeH ¢ 03€pHEHHOCTHIO KOJIOca
(r = —0.164...+0.426) nmo3BOJsICT CO3AaBaTh KPYIHO3EPHBIC (OPMBI C MHOTO3CPHBIM
kojocoMm. KpyrHoe 3epHO OTIMYaeTcs YTOHYEHHBIM NEepPHKapIIieM, YTO OIarompusr-
CTBYET NPOHUKHOBEHHUIO MOJCKYJI Bojubl U (urodaroB. OHO OTpHUIATEIBHO KOppe-
JTUpyeT ¢ coaepkaHweM Oenka, kieiikoBuuel, UK (r = —0.395...-0.598). Macca
3epHa € KOJIOCa Ha OJHOM YPOBHE, 3HaUUMO KOPPEIUpPYET C €ro O03epHEHHOCTHIO
(r = 0.616...0.787) u abcomotHON Maccoi 3epHa ( = 0.679...0.715), moaTomMy y HO-
BbIX COPTOB AOJIKHO GBITB OIITUMAJIBHOC UX COOTHOIICHUEC: O3CPHCHHOCTH KOJIOCA —
29-31 mt., macca 1000 3epen — 38—41 . Beicokass 03epHEHHOCTh BEACT K IIYIJIOCTH
3epHa M CHI)KEHHIO abcoiroTHON Macchl. [Ipeny0opouHoe mpopacTanue 3epHa B KOJIO-
Ce CHHXKAET ero MpOoayKTUBHOCTH ( = —0.540) u ypoxkaiinocts (» = —0.602). Ha ypo-
JKaWHOCTh OTpHULIATCIIbHOC BJIMAIOT ITATOI'CHBI: 6ypa5[ p’KaB4MHA, CCITapUO3, NbIJIbHAA
ronoBHs (7 = —0.334...-0.441). MHuoro3epHOCTBIO Kojioca (31-33 mT.) BeIIEISIOTCS
copra Tromenckas 80, Omckast 20, JIrorecienc 70, Omckas 35, Cepebpuna, MibuaCKas,
Apust, ABUA/la n pannecnensie copra Omckas 26, HoBocubupckas 29, CYPOHTa-6;
34-38 3epen B konoce y Panra, Uepnsssr 13, CKOHTa-3, Mxapa, Omckoii 18. Kpynnas
macca 1000 3epen (43-47 r) y Crpensl, Tiomenckoit 80, Uepnsaser 13, MIbHHCKOMH,
ABUA/Ip1, Bepsr, Kazaxcranckori 10, Omckoit 35, Nadine. Menko3epHocts (32—
34 1) ormeuena y Tymynckoit 12 n HoBocubupckoit 15. YeroitunBble K MpopacTaHnio
3epHa B konoce y coproB Jliorecuenc 70, CYPOHTa-7, Cubupckas 14, JlaBpymuia.
Bericokoit 6enkoBocThio Bhiestores: Llesuym 111 (17.0-17.2 %), Xuton (16.0-16.6)
n HoBocubupckas 29 (15.4-17.7 %). lopuzonTanpHast yCTOMUYMBOCTD K CENTaprUo3y U
Oypoii pxaBunne y coptoB [ penana u Jlrorecriernc 368. BeineneHHbIe COpTa pEKOMEHTY-
TOTCA AJIA BKIIFOYCHUSA B CCIICKIIMOHHBIC ITPOTpaMMBI.
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MenmnKars

000 «Makcrm Meaukan» — Hay4HO-MPOV3BOACTBEHHasA d1PMa, OCHOBaHHaA B 2016 T.
KomnaHma ocyLecTBnseT NocTaBky, 00CAYKMBaHWE HAYYHOIO U MEAMLIMHCKOrO 060-
PYAOBaHVA 1 pa3pabaTbiBaeT CMCTEMbl aHANM3a M MHCNEKUMM Ha 6a3e MalMHHOIO
3PEHNA N MMKPOCEHCOPOB.

O6opypoBaHue u peareHTbl ANA reHOTUNNPOBaHUA U MapKep-
BCMOMOraTe/IbHOW CeNieKLMN PacTeHN 1 XKXUBOTHbIX:

Allegro™ — kactomHble Habopbl NGS ot 100 go 10,000 mapkepos
I ANA LWWMPOKOTO CNeKTpa pacTeHu.

’ ~:~0"I KASP™ — 5KOHOMMYHaA 1 ToYHaAa annenb-cneynunyeckas MLP,
.‘ g’ reHOTUNMPOBAHME ANA NOWCKA N Bannaaunmn cenekumoHHO-3Ha-
4Ynmbix mapkepos Ao 1000 SNP.

RPA - pekoMbyrHa3Has nonumepasHaa amnnndukaums (RPA) as-
naeTcA skcnpecc-anbrepHaTnon MUP, no3sonsAeT gnarHocTnpo-
BaTb ¢putonatoreHbl/ITMO B TeueHme 10-15 muH 6e3 cneymans-
Horo ob6opynoBaHus.

BHQ - 30HgbI Black Hole Quencher ¢ ynyyweHHbIMK cnekTpanb-
HbIMW MapameTpamu, rae TpebyeTca BbicoKaa cneundpuyHoCTb
real-time MLUP.

Sbeadex - Habopbl ana BblgeneHna [JHK 13 pacteHun, TKaHen
XNBOTHbIX, KpoBY, bakTepuii (NnasmugHasa OHK) n mukponpob.

PacxopgHble matepuanbl gna [LUP: mactep-mukcol KlearTaq,
«nnacTuk» Sarstedt pna NUP 1 mukpobuonorun.

Intelliqube - BbicoKkONpoV3BOAUTENbHbBIA ABTOMATM3MPOBAH-

Hbli KOMMNAEKC AN1A reHOTUMMPOBAHUA, BKIIOYAOWNA MOAYNb

XUAKOCTHOrO Ao3npoBaHua coopku MNUP, amnandnkaumm n pe-

Tekumn. Bmecto nnaHweToB 3anavBaemas 768-nyHOYHasA neHTa

(Array Tape), UTO 3HaUUTENbHO SKOHOMUT pPeareHTbl.

* [lponsBoauTenbHoCTb Ao 24 000 SNP / 8 yacos;

* Mogynb geTekumn gna WNPOKOro CNeKkTpa KpacuTenemn
480-620 HM (15 dunbTPOB);

*  TMpunoxenus: NUP no KoHeyHoW Touke, real-time MLP,
MynbTUMNEKC, nsotepmmnyeckasn MUpP.




HiPoint - mogynbHble Kamepbl pOCTa pacTeHui

N pacTUTENbHbIX KyNbTyp, TENAULbI. ] Y
* Wunpokun Bbibop nctouHmKoB LED-ocBeleHus, BKNoYas ' "

NCKYCCTBEHHbIV COMTHEYHbIN CBET; 7
* MopaynbHasa n macwtabrpyemas KOHCTPYKLMSA; ' ‘

*  ABTOMATMYECKUI KOHTPOJb NapaMeTPOB: OCBELLEHNE,
Temnepatypa, BnaxHocTtb, CO,.

Beckman Coulter — uutomeTpbl, LeHTPUYTY, CHETUMKIN KNETOK,
copTepbl KNETOK.

Phenospex — po60T131poBaHHble
cnucTemMbl GEHOTUNMMPOBAHNSA PacTeHUIA
oT 10 cm go 1.1 M Ha OCHOBe Nla3epHbIX
3D ckaHepos Planteye F500.

PHenog
Aangyg X

ABTOMaTMYECKMI aHaNM3 NapaMeTpPOB:
NDVI, EVI, undpposas bromacca, BbicoTa
pacTeHWA, HAaKMOH NINCTA, NOLWaAb JINCTOBOWN NOBEPXHOCTH,
cTeneHb 03eNeHEeHHOCTN 1 ap.

yCHyI'VI reHeTn4yeckoro aHasiunsa

000 «Makcum Megukan» — aBTOPM30BaHHbI NpPOBanaep ycnyr
reHeTnyeckoro aHanmsa LGC Genomics (AHrnunA).

Bam TpebyeTca nuwb nepefatb 06pasLibl HAMM CNeLmnanmcTam,
Mbl BO3bMeM Ha cebs BCio pyT1HY NPOOONOATroTOBKN.

* TeHoTMnupoBaHue «Bce BKnouveHo»: BbigeneHne HK, cuHTes
nparMepoB, reHOTUNNPOBaHMe, Bblfaya pe3ynbTaTos.
B ocHoBe naTeHTOBaHHble TexHonornm SeqSNP™ 1 KASP™.
MacwTtab npoekta ot 1 o 10 000 SNP.

*  SeqSNP - yHuKkanbHana TexHonorua uenesoro NGS Ha aHanmn3aTopax
[llumina. MgeanbHO AnA ycKopeHWA ceneKkLMOHHbIX MPOrpamm:
MacLTtab ot 100 go 100 000 SNP.

Cpoku BbINonHeHNs paboT oT 1.5 go 3 mecAueB B 3aBUCUMO-
CTV OT MacwTaba 3KCNeprMeHTa 1 BBOJHbIX AaHHbIX.

Hawwu koHTakTbl: www.maxmedikal.com, www.kasp.ru,
www.phenomics.ru +7 495 374 62 80, max@maxmedikal.com
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CYTOMET

MpencTaBnisiem UUTOMETP C aKyCTUYECKOMN
dookycumpoBkom Attune NXT 0J189 NpOpbIBHbIX
nccnenoBaHUmn

LintomeTp Attune™ NXT ¢ akycTuyeckon hokycrnpoBKkoii, 4 nazepamm

1 14 uBeTamu Ha BbIGOP, MO3BOMSET MOSYHUTL MHOXECTBO AaHHbIX NPy
KOMMNaKTHOM pasmMepe 1 pasyMHoN LieHe. KOHCTpyKLyst mTomeTpa Attune
NXT faeT HauvHatoLLWIM NOMb30BaTeSNIM BO3MOXHOCTb UHTYUTUBHOMO
ynpaeneHusi, obnaaasi npy 3ToOM JOCTATO4HON MOLLHOCTbIO AJ1st NEPefoBbIX
nccnenoBaHuin. Tenepb Bbl MOXETE MOJTYHY T BCE O[HOBPEMEHHO.

Hangute npoTOYHbIN LUTOMETP CBOEN MEYTbI:
thermofisher.com/attune

For Research Use Only. Not for use in diagnostic procedures. © 2015 Thermo Fisher Scientific Inc. All rights reserved. All trademarks
are the property of Thermo Fisher Scientific and its subsidiaries unless otherwise specified. CO016423 0715



ThermoFisher
SCIENTIFIC

Komnanua Thermo Fisher Scientific - KpynHaa mexxgyHapogHas Koprnopauus ¢ rogo-

BbIM 060poTOM CBbiwe $ 20 Mnpa, HacuuTbiBaowas 65 000 COTPYAHNKOB B Pa3HbIX

CTpaHax mupa. NMomrmo npoaykuum Life Sciences, KomnaHua NPon3BOANT aHaNUTU-

yeckoe, AMarHoCTUYecKoe 1 obuienabopatopHoe 0OOpPyAOBaHME U PAaCXOfHbIe Ma-

Tepuanbl.

OcHOBHble 6peHAbl KOMNaHWK:

*  Applied Biosystems, Thermo Scientific, Invitrogen, Fisher Scientific n Unity Lab
Services.

Mwuccuna KomnaHUM — MOMOUb KSIEHTaM cAeNaTb MUp 6osiee 340POBbIM, YACTBIM U

6e30MacHbIM.

MpepcTaBUTENBCTBO KOMMNAHUMN

«Annnang buocncremc HTepHawH, IHK.»
117485 MockBa, yn. O6pyuesa 30/1, c.2
BusHec-ueHTp «Kpyrosop»

Ten.: +7 495 651 6797

E-mail: Russian.office@thermofisher.com
URL: thermofisher.com

AO «Tepmo Quwwep CarieHTUGUK»
141400, MocKkoBcKasa o6nactb, r. Xumku,
yn. JleHuHrpaackas, a. 39, cTp. 6,
busHec-Mapk Xumkn

Ten.: +7 495 739 7641

E-mail: info.btd.moscow@thermofisher.com



SCNHTOA

Hay4YHO-NPOU3BOACTBEHHAA KOMMNAHUA

CUHTOIJ1 - HayyHO-NPOU3BOACTBEHHAA KOMMNaHWA, cneumanmimpyowanca B chepe
TEXHONOIMI CUHTE3a 1 aHaNn3a HYKNeNHOBbIX KUCIOT.

Mbi npon3Boamm Habopbl peareHToB A BolaeneHns OHK n PHK, MNUP-guarHoctrkn
TybepKynesa, onacHbIX 1 0co60 onacHbIx nHbeKumiA, ana aHanusa SNP, TMO, aHanu-
3a [HK B KpuMuHanuctuke, naeHTdrKaLum CbipbeBoro coctaBa MACHONM U PbIOHON
npoayKunu, BbIABNEHNA NaTOreHOB PAaCTeHUIN, FeHETUYECKON NacnopTn3aunmn KapTo-
dens, BbiasneHua JHK-mapKkepoB ycTonurBocTn K BO36yanTenam sabonesaHun Kap-
Todpens. B cotpyaHuuyectse ¢ AN PAH Mbl Nnpor3BOANM reHeTUYECKME aHann3aTopbl
«HaHodop-05» n amnnndurkatopbl «AHK». Kpome TOro, Mbl Npon3BoAMM BCMOMO-
ratensHoe obopyposaHue gna lNLP-nabopatopuin. Komnavna «CuHTON» NPOBOAUT
KypCbl 00yueHus ceKBeHUpoBaHuto Nno CaHrepy, pparMeHTHOMY aHanu3y, aHanmsy

MO metogom lNLIP B peanbHOM BpemeHn.

000 «CUHTOI»

127550, MockBa, yn. Tumnpsasesckas, 42
Ten.: (495) 984-69-93

Ten.: (499) 977-74-55

info@syntol.ru

www.syntol.ru
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KomnaHusa «Akcunoma BUMO» npegnaraeT peakTvBbl U pacxofHble
MaTepuanbl Hay4YHoO-uccnegoBaTenbCckum nabopaTtopusim, cnewma-
nuanpyowmmcsa B 06rnactm 6MoxMmMmnm, MONeKynspHON 1 KNETOYHOM
Buonoruun, n Hay4YHO-NPON3BOACTBEHHbLIM OMOTEXHOMNOIMYECKUM

«Akcnoma BNO» aBnseTca oduumanbHbIM ANCTPUOBIOTOPOM CneayoLLmnX
MUPOBbLIX NPON3BOAMUTENEN peareHTOB N pacXofHbIX MaTepuaros:

Takara BIO — HHOBaUMOHHbIE peareHTbl Ans
MOneKynsapHon 6uonornv — epmeHTbl, Habopbl
peareHTOB A CO34aHUS KNOHOTEK ANst MyJbTU-
MNIeKCHOro CeKBEHMPOBaHWS, peareHTbl ANt Krno-
HVMPOBaHWs, NPOTEOMUKU, NOMNYMsSPHbIE HAGOPbI
PicoPLEX WGA ons npeMmMmnnaHTaLoHHOro CKpu-
HVHra ¥ MHOrOe APYroe;

Zymo Research — BbICOKOKa4eCTBEHHbIE HAaGOPbI
ONS BbIAENEHUSI U OYUCTKM HYKIIEMHOBBIX KUCOT,
3MNUreHeTUKN, paboTbl C APOXOKEBBIMU KynbTypamu
— [OCTOVHas ansTepHaTMBa NonynsipHbIM Habopam
no I&MOKPaTUYHOW LieHE;

Biotium — camble ny4ylune drnyopecueHTHbIe Kpacu-
TEnn Ans KNeTovyHON 1 MomnekynsipHow 6uonoruv, B
TOM YuCre 3HAMEHUTbIE KPaCUTENN HYKITENHOBBIX
kucnot B rensax GelGreen/GelRed, a Takke kpacu-
Tenb anga MNLUP-PB Evagreen n mHoroe gpyroe;

Molecular Research Center (MRC) — peareHThbl Ans
BblENEeHNs HYKIIENHOBBIX KACIOT MO OYEHb NpUBIe-
KaTenbHbIM LieHaMm. OTa KoMnaHus n3obpetartens 1
aepxarenb nateHTa Ha obensBecTHbIn Trizol nnu
TRI reagent;

PeproTech — koMnaHusi NPOU3BOAUT PEKOMOUHAHT-
Hble Genku, B TOM Y1Cre LIUTOKUHBI As KIEeTOYHON
6uonorun. MpogyKuusi OTAMYaETCs BbICOKUM Kaye-
CTBOM W HNU3KOW LIEHOW;

Biol.egend — npegnaraet WMpokuii BeIGop aHTUTEN
NS NPOTOYHOW LIMTOMETPUU, KOHBIOIMPOBaHHBIX C
pa3HoobpasHbiMy hrlyopecLEHTHBIMU KpacuTens-
MW, @ TaKke KOHbloraTbl 4151 CTaHAAPTHBIX UMMY-
HOXMMWYECKNX METOLOB;

InvivoGen — ka4ecTBEHHbIe aHTUOMOTMKM U Apyrue
peareHTbl AN KNeToYHou Guonorum, B TOM Yncrne
Blasticidin, Zeocin, G418 v peareHT Ans yganeHus
Mukonnasm Plasmocin;

Electron Microscopy Sciences - KpynHenwui
NMPOU3BOAUTENb PACXOAHBIX MaTepMarnoB 1 peareH-
TOB ANS 3MNeKTPOHHOW MUKpockonuun. B 6onbLuom
accopTUMEHTE NpeaniaraeTcs Takke npoayKumst
Diatome (Hoxwu ansa ynstpamukpotomoB), Dumont
(ynbTpaToHKMEe MHCTpYMeHThI), Ideal-Tek, Rubis,
Summers Optical;

USBiological — amepukaHckas komnaHusi, npouns-
BOAUTENb BMOXUMNYECKNX peareHTOB, aHTUTEN U
nutaTenbHbIX CPEA, peareHTOB Arsl MOSEKYNSPHOM
6uonorun, MGA HabopoB camoro BbICOKOrO Ka-
yecTBa. B katanore npeacrtaeneHo 6onee 1 MiH
HanMeHOBaHWUM;

BlOplastics — BbIcokoknaccHbin nnactuk ang MNLP
13 Hnpepnangos. Lnpoyaniumnii BeIGop MUKponpo-
OUPOK ANsi BCEX M3BECTHBIX Ha PbIHKE amnnnudu-
KaTopoB, pa3HOOOPa3Hble HAKOHEYHWKN AN BCEX
TUMNOB NWUNETOK N MHOTOE ApYroe.

Electron p
@Ta“aﬂ | =MRC.. Microscopy ¢ e
= (L] Molecular Research Sciences Blotlum
Jontech Takaha cellartis  BlOplastics \ ) TEC
EPRO | ECH. . .
o . OUR SUPPORT, YOUR DISCOVERY ‘Emgm,
OO x Biol d° S Invi Life Sciences
ZYMO RESEARCH ioLegen 4 4 InvivoGen

The B ‘Science is to Make Things Simple ; d
e Beauty of Science is to Make Things Simple Enabling Legendary Discovery™

Innovation within reach

115201, Mocksa, Kawupckoe wocce 22, kopr. 3, cmp. 2
www.axiomabio.com sales@axiomabio.com
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The Conference will present results of the latest research in plant

genetics, genomics, bioinformatics, and biotechnology. We plan to

discuss promising areas of inquiry (including collaborative studies)

in the basic and applied fields of plant genome research.

The conference sessions:

Plant genetic resources for breeding and producing functional
nutraceutical food.

Plant resistance to pathogens and other biotic stresses.
Genetic and epigenetic mechanisms of plant resistance

to abiotic stresses.

Plant biotechnology in the post-genome era.

Plant systems biology and digital technologies.

The working languages of the Conference are English
and Russian.

The organizing Committee provides an opportunity to arrange

workshops on topical areas of plant breeding, genetics, and bio-

technology within the Conference.
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