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Welcome Greetings from the organizers

With great privilege and pleasure my team and I took over responsibility to organize the 4™
PlantGen 2017 international conference in Almaty, Kazakhstan. Approximately 200 participants
from 15 different countries of the World are attending this event. We will witness 12 plenary
talks from leading scientists in the field of Plant Genetics, 46 oral and 71 poster presentations,
among them 38 presenters are students.

We often say that Kazakhstan is the land where East meets West, and it is truly multicultural
country where over 130 ethnics groups living in peace and friendship. Therefore, it is very
symbolic that we have large groups of colleagues attending this forum from almost all former
USSR countries, from Europe, from Far East and West Asia. We are happy to see here old
friends and looking forward to find new friends and partners!

Using this opportunity I would like to thank the Local Organizing Committee led by Dr. Saule
Abugalieva and her entire group at the IPBB for their outstanding job in managing all aspects in
preparation of the conference.

I also thank my co-chair of the International Organizing Committee Dr. Elena Salina for her
enthusiastic work in advertising this forum in Russian Federation, and we are very happy to have
more than 60 attendees from the Russian Federation, and this is a largest group among foreign
countries.

My special thanks to Dr. Ruslan Kalendar (NCB, Astana, Kazakhstan), who was in charge of our
web page design and administration.

Without sponsors and industry support this conference could not be accomplished. Therefore, I
appreciate all our supporters, including the administration of the Best Western Plus Atakent Park
Hotel - the venue of this event, for their valuable help to host this conference in Almaty.

Finally, I am grateful to all participants of the PlantGen 2017 for your interest in this conference
and trust that you will enjoy presentations, exchange ideas and knowledge, establish new
contacts and cooperation, and appreciate your stay in Almaty, Kazakhstan.

Yerlan Turuspekov

Chairman of the International
Organizing Committee PlantGen 2017,
IPBB, Almaty, Kazakhstan
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PlantGen 2017. Session 1. Genetic Resources and Evolution Plenary Session

TAXONOMY, ARCHITECTONIC OF PLANT AND MOLECULAR
PHYLOGENY OF THE GENUS Triticum L.

N. P. Goncharov

Institute of Cytology and Genetics, Novosibirsk, Russia
e-mail: gonch@bionet.nsc.ru

Searching for ways of biodiversity increasing and preservation is the key point in biology of the
21" century, whereas increasing and preservation of cultivated wheat species biodiversity is a
strategic task of food security. The first step of reasonable biodiversity preservation is drawing up a
phenotypic identification and inventory and the second is its genetic and taxonomic analysis.

Distribution areas of wheat landraces, local endemic species and their related wheat species
are continuously reducing. So collecting, replenishing, reproducing, studying and maintaining those
species living, being a constant supply for breeding are important to preserve biodiversity resources
and future food security. It is obviously not feasible to gather again Vavilov’s or Kihara’s wheat
biodiversity collections, even after following the routes of their expeditions. Nature has not spared
the biodiversity existing in their times, and this emphasizes the significance of reasonable
maintenance of the maximally possible biodiversity presently stored in genebanks. The questions of
how to preserve and of what to undertake so that biodiversity would not be subjected to erosion are
more timely as ever. Reduction in the natural areas of wild endangered wheat species, as well as in
their polymorphism due to their reproduction in small populations: in genebanks, decrease the
potential biodiversity of cultivated wheat species. To knowledgeably preserve gene pools
maintained as small size populations, accessions should be fuller genetically characterised. This
would allow goal-oriented preservation of the natural gene pool of the accessions. Rearrangement
of huge germplasm bank collections is the taxonomy task.

Traditionally, the taxonomy methods are based on revealing the affinity among organisms,
determining the homology of their traits and common origin. At present, there is a tendency of
juxtaposition of classical taxonomy, which had historically developed on the basis of comparative
morphology, against modern taxonomy based on genetic and molecular-genetic investigations. The
main goal of modern wheat taxonomy is to establish such a classification of whear genera and
species which would reflect both their phylogenetic relationships and genetic structure. Good and
rigorous taxomony is necessary for effective conservation and increasing cultivated plant
biodiversity by introgressive hybridization. This is complicated by the lack of consensus concerning
the taxonomy of wheat species and subspecies and by unresolved questions regarding the
domestication and spread of naked wheats.

Poor classifications are not just less useful, they are positively harmful. In the absence of
acceptable criteria for distinguishing individual taxa, genebank staff cannot be expected to monitor
the purity of their accessions, and important accessions may be eliminated because their
significance is not appreciated. Indeed, failure to provide formal taxonomic, and hence
nomenclatural, recognition of distinct entities may lead to what Dr. Michael Windham has referred
to as ‘‘extinction by nomenclature.”’ Clearly, a classification that requires expertise in cytogenetic
and/or molecular genetics will not be practical for many of those who work with Triticum. What is
needed is a classification system that takes account of phylogenetic, cytogenetic, and molecular
information but is accompanied by detailed morphological descriptions, workable keys, and correct
nomenclature. The place of some subspecies in the genera Triticum taxomony is discussed.

Swaminatan and Rao (1961) showed that differences in taxonomically important traits of
hexaploid wheats are controlled by four pairs of nonallelic genes. The review examines the state of
knowledge about those taxonomically important genes which control the architectonics of wheat
plant (spike morphology). These knowledge gaps hinder crop diversity conservation efforts and
allows to produce a modern wheat commercial cultivars.

The work was supported by the Russian Science Foundation (grant number:
16-16-10021).
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THE EVOLUTION OF THE WHEAT GRASSES: CENOGENOME VS.
TAXONOMIC DIVERSIFICATION

Frank R. Blattner, Nadine Bernhardt

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

E-mail: blattner@ipk-gatersleben.de

The wheat grasses (Triticeae—Poaceae) are notorious for their complex patterns of evolutionary
relationships. This is partly due to the high amount of allopolyploid taxa combining the genomes
of two to four parental species/genera. But also on the level of diploid taxa phylogenetic inference
did up to now not result in a convincing hypothesis of species relationships, although numerous
molecular studies were conducted during the last 25 years. The partly contradictory results can be
attributed to (i) differences in methodology (i.e. analysis methods) and also (ii) taxon sampling
heavily influences the outcome of such analyses. In addition (iif) also the studied loci (i.e. chloro-
plast or different nuclear genomic regions) seems to have a certain impact on the results obtained
in phylogenetic analyses.

To better understand this latter topic and to come up with a conclusive phylogenetic hypothesis
for the diploid members of Triticeae we used next-generation sequencing to obtain gene trees
from 250 genes evenly distributed over the seven chromosomes of the members of the tribe. In
addition we assembled the chloroplast genomes of 183 individuals, representing 53 species.
Phylogenetic analyses were conducted with Bayesian and maximum-likelihood algorithms, and
species trees were deduced from gene trees in a coalescent framework.

Comparison of the phylogenies of single loci showed that the 250 analysed genes resulted all in
different phylogenetic trees, partly deviating considerably from each other. Multispecies
coalescent analysis showed that the Psathyrostachys and Hordeum lineages originated first within
the tribe while the species of Aegilops, Amblyopyrum and Triticum constitute the youngest group
of genera. The other Triticeae taxa (among them Agropyron, Dasypyrum, Eremopyrum, Secale,
Taeniatherum) group in between.

Analysing hybridisation signal in the dataset we identified several diploid lineages, which seem to
have originated via reticulate evolution, i.e. involving initial homoploid hybrid speciation. But
also introgression of genomic regions, due to hybridisation and repeated backcrossing of the
hybrid with one parent, is an important mechanism that, together with differential sorting of
ancient polymorphisms (i.e. incomplete lineage sorting), contributes to a pan genome-like
structure of the Triticeae gene pool that we term cenogenome. Recognition of this cenogenome
provides a framework to better understand the evolution of the lineages within the tribe and the
permeable and fluent nature of Triticeae genomes.
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BARLEY GENETIC RESOURCES AND DEVELOPMENT
OF GENOTYPING INFRASTUCTURE

T. Tanaka

Institute of Crop Science, NARO, Ibaraki, Japan
E-mail: tstanaka@aftrc.go.jp

Barley (Hordeum vulgare L.) is the fourth most important cereal crop and used for many
purposes including human food, malting and animal feed. After the publication of a draft
genome sequences of the North American six-row spring malting barley cultivar “Morex” by
the International Barley Sequencing Consortium (IBSC) in 2012, genome wide study has been
accelerated even in barley. However, in Japanese barley breeding, genome wide study is still
backward. To overcome this situation, we have developed the infrastructure for barley
genome study using Japanese barley cultivars. We determined transcriptome and genome data
of Haruna Nijo, a Japanese malting barley cultivar, and developed a database, named bex-db
(http://barleyflc.dna.affrc.go.jp/bexdb/), to provide them comprehensively. We are
consolidating genotypic diversity of Japanese barley cultivars on Haruna Nijo genome and
RNA-Seq data from each cultivar. Since mapping of RNA-Seq data showed better mapping
on Haruna Nijo genome than the latest version of Morex genome,we consider that genome-
wide information from closer cultivars produces great effects to the domestic breeding. In this
presentation, I will survey current infrastructure of barley genome data in Japan from the view
point of bioinformatics.
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COLLECTION AND EVALUATION OF ENDEMIC AND RARE SPECIES
OF FLORA IN KAZAKHSTAN

S. Abugalieval, A. Ivaschenkoz, M. Ishmuratova3, Y. Kotukhov4, A. Danilova4,
A. Myrzagalieva’, P. Veselova®, G. Kudabayeva®, G. Sitpayeva®,
A. Imanbayeva7, G. Sakauovas, A. Kakimzhanova9, Y. T uruspekov*l

1 — Institute of Biology and Biotechnology, Almaty, Kazakhstan;
2 — Ile-Alatau National Nature Reserve, Almaty region, Kazakhstan;
3 — Karaganda State University, Karaganda, Kazakhstan;
4 — Altai Botanical Garden, Ridder, Kazakhstan;

5 — East Kazakhstan State University, Ust-Kamenogorsk, Kazakhstan;
6 — Institute of Botany and Phytointroduction, Almaty, Kazakhstan;
7 — Mangyshlak Experimental Botanical Garden, Aktau, Kazakhstan;
8 — Karatau National Nature Reserve, Kentau, Kazakhstan;

9 — National Biotechnology Centre, Astana, Kazakshatn

e-mail: yerlant@yahoo.com

Kazakhstan is the ninth-largest country in the world by territory, and it is home to more than 6,000
plant species. In 2015, a new project was launched with the main goal being to study genetic
variation of endemic, rare, and economically important plant species in National State Reserves and
National Nature Parks of Kazakhstan. Genetic diversity of plant populations will be studied by
using different types of DNA markers, including universal markers of nuclear and chloroplast
genomes. The project combines the efforts of botanists and geneticists from National State Reserves
and State National Nature Parks, National Universities, Botanical Gardens, and two Biotechnology
Research Institutes. Currently nearly 600 populations representing 439 species were collected in
fifteen National Parks and Reservations across the country. Exact location of species growth was
recorded per each sampling site by use of GPS. Herbarium samples were prepared for each species
as well. DNA samples were extracted predominantly from fresh leaves of collected populations and
purified DNA were kept at -80°C freezer. Currently the entire collection of DNA samples under the
genetic evaluation using DNA barcodes of ITS (internal transcribed spacers), matK and rbcL.

The research was conducted in the framework of the Program 0237/PTF-14 supported by the
Ministry of Education and Sciences of the Republic of Kazakhstan (duration: 2015-2017).
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MOLECULAR AND AGRO-MORPHOLOGIC CHARACTERIZATION OF
EINKORN (7. MONOCOCCUM) AND EMMER (7. DICOCCON) HULLED
WHEAT LANDRACES

Kahraman GURCAN’, Fatih DEMIREL?, Mehmet TEKIN®, Taner AKAR®”

'Department of Agricultural Biotechnology, Faculty of Agriculture, Erciyes University,
Kayseri, Turkey

*Department of Field Crops, Faculty of Agriculture, Igdir University, Igdir, Turkey
*Department of Field Crops, Faculty of Agriculture, Akdeniz University, Antalya, Turkey

"e-mail: tanerakar@akdeniz.edu.tr

Hulled wheats were among the earliest domesticated plants and known to be benefited for many
millennia in Near East including Turkey. Hulled wheat species are neglected in many countries.
However its farming has been continued in some region of Turkey for many millennia and
represents useful sources for broadening the genetic base of prominent wheat breeding germplasm
due to increasing demands for diversity and quality of food. In this research, hulled wheats and
registered wheat varieties were characterized at agro-morphological and molecular level. 65 hulled
wheat populations were collected from Kastamonu (23), Kars (15), Konya (16) and Kayseri (11)
provinces of Turkey. Quantitative traits such as plant height, grain per spike, single plant yield,
heading time, maturity time, 1000 kernel weight, protein ratio and qualitative traits such as
hairiness, glaucosity, growth habitus and grain hull were determined for each population. 23 hulled
wheat population collected from Kastamonu province were distinguished into 9 emmer (7.
dicoccon) and 14 einkorn (7. monoccocum) wheats at morphologic level. Kars, Konya and Kayseri
populations were characterized as hexaploid wheat landraces, einkorn and emmer, respectively.
Protein ratios of hulled wheats were higher than registered varieties. All the genotypes were
distinguished by molecular characterization based on 11 polymorphic SSR primers analyzed
through capillary system. The SSR loci analysis produced alleles ranging from 6 to 16 with a mean
value 9. The lowest, mean and highest polymorphism information content (PIC) values of the
populations were 0.5, 0.67 and 0.86, respectively. To sum up, these results illustrated a large genetic
variation of these germplasm to be used as a progenitor for further wheat breeding program.

This research was financially supported by the Erciyes University Scientific Research Projects
Coordination Unit, Turkey.

10
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PHYLOGENETIC ANALYSIS OF ENDEMIC SPECIES OXYTROPIS
ALMAATENSIS BAJT. FROM KAZAKHSTAN

Sh.S. Almerekova ", N.M. Mukhitdinov >, M.SS. Kurmanbayeva ?

'Institute of Plant Biology and Biotechnology, Almaty, Kazakhstan
?Al-Farabi Kazakh National University, Almaty, Kazakhstan

Family Fabaceae, comprising 750 genera and over 18,000 species, is one of the largest family
of dicotyledonous with the high economic value. Oxytropis is an important genus of the family
Fabaceae. Oxytropis DC. represents comprehensive taxonomic genera, which includes about 450
species, with the greatest diversity in the mountains of Asia (Malyshev, 2008). In Kazakhstan, the
genus is represented by 124 species, and 10 are listed as endangered (Red List of Kazakhstan,
2014). The loss of rare species of plants under the influence of any negative factors, regardless of
their nature, is a global problem with serious consequences, the extinction of any species - is an
irreparable loss. Conservation of rare species and prevent their extinction by Yu. Zlobin et al.
(2013) has become one of the main scientific and organizational problems ecologists and botanists
all over the world. The aim of present study was to examine the phylogenetic position of rare,
narrowly endemic species with a threatened area of distribution Oxytropis almaatensis Bajt.

Plant materials were collected from 3 natural populations from Trans Ili Alatau Mountains in
2016. The plant leaves collected randomly and dried in silica gel. Total genomic DNA was
extracted using a modified CTAB protocol (Doyle & Doyle 1987), which detailed in Sramko et al.
(Sramko¢ et al. 2014). The phylogenetic position of Oxytropis almaatensis was investigated by DNA
sequences of the nrITS. The phylogenetic analysis was conducted by Neighbor Joining (NJ) in
MEGA 5. And analysis involved 24 nucleotide sequences, including our object of study Oxytropis
almaatensis. The size of the aligned nucleotide sequences of ITS 601 bp. The names of the sections
and subgenus are given according to the Malyshev (2008).

The phylogenetic analysis of Oxytropis species generated 2 clades. The clade I represented by
the subgenus: Phacoxytropis (Mesogaea), Physoxytropis (Lycotriche) and Oxytropis (Chrysantha).
The section Mesogaea from subgenus Phacoxytropis represented by following species O.deflaxa,
O.kansuenesis, O.glabra. The section Janthina of the same subgenus is together with the subgenus
Oxytropis sections. O.pallasii, O.pilosa and O.almaatensis from section Chrysantha and subgenus
Oxytropis are together with the Phacoxytropis sections in clade 1. Our object of study O.almaatensis
is closely related to the O.glabra, but both of them are belongs to different subgenus and section
based on classification. Most species in clade II are belongs to the subgenus Oxytropis, except
O.caerulea, O.filiformis, which are correspond to the section Janthina of subgenus Phacoxytropis.
Sections of this clade are Polyadena, Verticillares, Orobia, Xerobia, Gloeocephala, Arctobia. The
analysis of ITS region showed monophyly of Oxytropis genus, as it is confirmed by other scientists
before. According to the ITS sequences O.almaatensis phylogenetically closely related to the
species O.glabra from section Mesogaea. O.almaatensis and O.glabra species have the same
nucleotide variation at positions 57, 201, 548, but different at the positions 67, 117, 422 which
suggest that these mutation can be used in differentiation of these two species.

11
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PLANT DEVELOPMENT TYPE AND ITS CORRELATION WITH OTHER
TRAITS IN LUNARIA GENUS (CRUCIFERAE)

Olena Boika
Zaporizhzhya National University, Zaporizhzhia, Ukraine
*e-mail: olena.boika.ua@gmail.com

Lunaria is one of the new perspective crops from Cruciferae (Brassicaceae) family. This
genus includes two species with different type of plant development. Lunaria annua is an annual
species (in North regions it can be biennial) and Lunaria rediviva — perennial plant. At
Zaporizhzhia National University the interspecific hybrids between this species were obtained. It
was very interesting to investigate how hybrids will be inheriting the type of plant development. It
was reviled that perennial type dominance over annual type. But reciprocal cross-combinations
show differences in type of development in the second (F;) generation. In case when as a mother
plant was used annual species appear plants with intermediate type of plant development. Annual
plants are germinating, blowing,and forming pods and seeds during one vegetation season. After
seeds maturing they are died. Perennial species in the first year forming only leaves and this plants
blowing next spring. But after maturing pods they don’t die. Plants with intermediate type of
development blows in the first year, but later than typical annual plants and after maturing of the
pods they don’t die. At the next spring they blow with the perennial plants and only after second
pods formation they die.Initial species has several different morphological and physiological traits.
And some of them interspecific hybrids inherited as intermediate type of inheritance, and some
traits showed full dominance. It was estimate a correlation between all investigated traits and
between this traits and type of plant development. Almost all investigated traits has a week
correlation between each other. And this provides a good and wide facilities to the breeding process
because its very easy to combine different traits at one line or variety. Only few traits show
relationships with type of plant development (shape of leaf base, plant color and roots tubes). So,
we can make a conclusion that Lunaria genus is a very interesting and perspective genus for the
breeding.

12
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Keynote

GENETIC RESOURCES FOR FOOD AND AGRICULTURE -
CONSERVATION AND UTILISATION

A. Borner *1, M. Nagel 1, M. Agacka-Motdoch 1’2, M. Birner ™’ , U. Lohwasser 1,
D. Riewe ', J. Wiebach ', T. Altmann ', T.A. Pshenichnikova *, E. Khlestkina *

' Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), Gatersleben, Germany
% Institute of Soil Science and Plant Cultivation, State Research Institute, Putawy, Poland
>Enza Zaden, Research and Development B.V., Enkhuizen, The Netherlands

*Institute of Cytology and Genetics, Siberian Branch, Russian Academy of Sciences,Novosibirsk,
Russia

"boerner@ipk-gatersleben.de

Plant genetic resources play a major role for global food security. The most significant and
widespread mean of preserving plant genetic resources is ex situ conservation. Today about 1,750ex
situ genebanks world-wide maintain 7.4 million accessions. One of the ten largest ex sifu collections
of our globe is located at the Leibniz Institute of Plant Genetics and Crop Plant Research (IPK) in
Gatersleben, Germany, conserving 150,000 accessions from 3,200 plant species and 780 genera.
Since the majority of genebank holdings globally is maintained as seed, seed storability is of
exceptional importance for germplasm conservation.

At IPK research on seed longevity was initiated for a range of crops and wild relatives stored over
decades. Historical germination data accumulated during 35 years of seed germination monitoring
were analysed to predict species specific seed longevities. The study considered 75 species
comprising 79,075 accessions and 157,402 observations. Beside interspecific differences variation
was also detected within species and genetic analyses were initiated in 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.

13
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A POTENTIAL FOOD CROP AGRIOPHYLLUM SQUARROSUM

Guoxiong Chen, Jiecai Zhao, Xin Zhao, Pengshan Zhao, Jiwei Zhang

Shapotou Desert Research & Experiment Station, Northwest Institute of Eco-Environment and
Resources, Chinese Academy of Sciences,Lanzhou 730000, P.R. China

Agriophyllum squarrosum (L.) Moqis an annual psammophyte adapted to mobile sand dunes in
aridand semi-arid regions of Central Asia. The species has evolved a range of physiological,
morphological, and ecological adaptations to allow it to be a pioneer species of unstable, nutrient-
poor, drought-prone and hot sand dunes. Local populations in the sandy desert regions of China
consume the seed of the species during periods of food shortage, and refer to the plantas ‘‘shami’’
in Chinese, which translates as ‘‘sand rice’’. The sand rice seeds have high nutritional value,
containing around 23 % protein, 9 % lipid, 45 % carbohydrates, 8 % crude fiber and 5 % ash. The
protein fraction includes the full range of essential amino acids required in the human diet. The lipid
fraction comprises mostly polyunsaturated fatty acid. The ash fraction is rich in iron. We generated
a deep transcriptomic sequencing of sand rice, which uncovers 67,741 unigenes. A set of genes
likely relevant for resistance to heat stress, was functionally annotated according to expression
levels, sequence annotation, and comparisons corresponding transcriptome profiling results in
Arabidopsis. Sand rice could be grown in farmer’s field and some chemical induced sand rice
mutants have been identified, which reveal the possibility that sand rice can be domesticated. Thus,
sand rice is a good candidate species for domestication to provide a food crop resilient to future
climate change.

14



PlantGen 2017. Session 1. Genetic Resources and Evolution Oral Session

GENETIC VARIATION OF SAND RICE (AGROPHILLIUM
SQUAROSUM L.) COLLECTED FROM TWO DIFFERENT REGIONS
OF KAZAKHSTAN

S. Abugalieva ', Y. Genievskaya ', D. Shamshadin ', F. Sagyntay',
A. Zhubanysheva ’., Y. Turuspekov '

! Institute of Plant Biology and Biotechnology, Almaty, Kazakhstan
2 Aktobe breeding station, Aktobe region, Kazakhstan

Sand rice (Agriophyllum squarrosum) is an annual herb adapted to mobile sand dunes in arid and
semi-arid regions of Central Asia. The sand rice seeds have excellent nutrition value and have been
historically consumed by local populations in the desert regions of Central Asia and northwest
China. It is also an important fodder crop (on young stages of growth) for domestic animals in
Kazakhstan. Sand rice is a potential food crop resilient to ongoing climate change and has high
nutrient content with concentration of protein and carbohydrates. The main purpose of this study
was the assessment of the genetic diversity of sand rice samples collected from two different
regions of Kazakhstan based on ITS and matK DNA markers. Samples were collected in Western
and South-eastern parts of Kazakhstan and separated from each by large distances. The analysis of
nucleotide sequences showed clear partition of Agriophyllum squarrosum from Agriophyllum
minus, which is also grow in typical sandy dune environments. Also, the sequences of
Agriophyllum squarrosumfrom Western and South-eastern regions of the country were different in
ITS and matK. The research is suggesting that ITS and matK markers can be effectively used in
discrimination of Agriophyllum squarrosum from other Agriophyllum species and also successfully
used in partitioning of population within the species that grow far apart from each other
geographically.

The research was conducted in the framework of the Program 0237/PTF-14 supported by the
Ministry of Education and Sciences of the Republic of Kazakhstan (duration: 2015-2017).

15
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GEOGRAPHICAL VARIATION AND EVALUATION OF IRANIAN
LANDRACES OF RICINUS COMMUNIS L.

A.Hassanzadeh Ghorttapehl*, M. Abasaliz, F. Ghanavatiz,N. Allahyari3, G.R. Khakizad’ y
A. Mirakhorli5, R.A. Alitabar6, A. Taheripor 7, R. Kanam"g, M.R. Kyani9 , HR.F, anaei’ 0,
S. Habibifar'’ H. Ghojig", A. Nakhaei”’, M.J. Karami®, G.R.Abadoz", K.Abbasi",

A. Hamzehnegadm, S. Safaril 7, SH Asgari 18, H.Azizi"” , H. Manochehrizo, A. Fathiﬂ,
M. Asadi—Pour”, A. Soltam'”, A.H. Asgari”, N. Kazerani”, N. Foromadi”, M. Samani’’

1 — Agricultural and Natural Resources Research and Education Center of West Azerbaijan province, Urmia, Iran.

2 — Seed and Plant Improvement Institute, Karaj, Iran. 3 — Agricultural and Natural Resources Research, and Education
Center of Ardabil province, Ardabil, Iran. 4 — Agricultural and Natural Resources Research, and Education Center of
Hamadan province, Hamadan, Iran.5 — Agricultural and Natural Resources Research, and Education Center of
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Iran.15 — Agricultural and Natural Resources Research, and Education Center of Kordestan province, Sanandaj, Iran. 16
— Agricultural and Natural Resources Research, and Education Center of Kerman province, Kerman, Iran.17 —
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email: a.g.hassanzadeh@gmail.com

Castor bean is important oil crops. It is planting for aims of industrial and pharmaceutical. The 4-
year studies in different provinces to collect identify and evaluate the genotypes of native castor
bean in Iran. According to the results of this study, 186 local varieties of castor bean seed from
different parts of the country were collected. Studies showed that the coefficient of variation and
diversity index in Eco-geographical condition of collected area for castor bean local varieties
including latitude, altitude, annual temperature, climate, rainfall, soil type, the slope of collected
area very difference. The field study showed that exist high variation in different traits of castor
bean local varieties, such as grain yield, oil content, 100 seed weight, leaf and stem weight and
number of capsules per plant total weigh,. This variation can be modified and used to produce
resistant varieties to adapted climatic conditions in each area for produce high yield. The improve
local varieties and cultivated genotypes to suitable climatic conditions in each region benefit for
maximum use of environmental resources such as light, water and nutrients for achieve greater
performance.
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ACCUMULATION OF ORGANIC ACIDS IN FRUIT OF CRATAEGUS
AMBIGUA FROM DIFFERENT NATURAL POPULATIONS OF
MANGISTAU

A.A. Imanbaeva, N.I. Duysenova, A.T. Tujakova, D. Jumakhan

Mangyshlak Experimental Botanical Garden, Aktau, Kazakhstan
e-mail: imangarden@mail.ru

Introduction new useful plants to the culture at Mangyshlak extra arid climate has important
practical value. A perspective species for an introduction is Crataegus ambigua. It is endemic of
Mangyshlak, which can be used as decorative, food and medical plant.

We carried out the analysis of accumulation of some organic acids in Crataegus ambigua
fruits of different age periods and from various places of growth (Table 1).

In ripe fruits of Crataegus ambigua different places of growth (in terms of crude weight)
accumulation of organic acidsare following: from Tulkili Say gorge in young generative oxalic acid
— 0,005%, fumaric — 0,07%, apple-0,21%, lemon-0,15%, dairy-0,20%, in adult generative oxalic —
0,01%, fumaric - 0,07%, apple — 0,21%, lemon - 0,18%, dairy - 0,06%; from Kendirli gorge in
young generative oxalic acid — 0,007%, fumaric — 0,09%, apple — 0,24%, lemon — 0,57%, dairy —
0,10%, in adult generative oxalic — 0,006%, fumaric - 0,06%, apple — 0,17%, lemon - 0,40%, dairy
—0,06%; from the gorge Karasay in young generative oxalic acid — 0,005%, fumaric — 0,06%, apple
—0,13%, lemon — 0,30%, dairy — 0,09%, in adult generative oxalic — 0,01%, fumaric — 0,08%, apple
—0,23%, lemon — 0,46%, dairy — 0,15%; from the gorge Emdikor-gan in young generative oxalic
acid — 0,01%, fumaric — 0,17%, apple — 0,33%, lemon — 0,48%, dairy — 0,08%, at adults oxalic —
0,02%, fumaric — 0,10%, apple — 0,32%, lemon — 0,31%, dairy — 0,12%.

Our results showed that accumulating of organic acids were differs by high-quality and
quantitative structure. The maximum accumulating is fixed for malic and citric acid, minimum for
oxalic acid.

The maximum accumulation of organic acids is noted in fruits from the Emdikorgan gorge,
minimum in Tulkili Say gorge. It is noted strict dependence of quantitative content from plants age.

Gathering of fruits with the maximum accumulating of organic acids needs to be carried out
for plants from Emdikorgan gorge. Plants of this population can be entered into culture as
perspective for implementation in food economic usage.
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CREATION OF PRODUCTION FOR OBTAINING OF LANDING
MATERIAL OF POPLAR BY USING MICROCLONAL PROPAGATION

A.A. Kakimzhanova, V.K. Karimova, A.S. Nurtaza

RSE «National Center for Biotechnology», Astana, Kazakhstan

e-mail: kakimzhanova@mail.ru

In the greening of cities, the problem of the death of Populus alba L. is appeared, due to the
defeat of fungal and viral diseases. Populus bolleana L. is difficult to take root with cuttings, the
percentage of survival rate is only 30%. The largest company JSC "Astana-Zelenstroy" has
addressed with an acute problem to National center for biotechnology to provide clonal propagation
of two species of poplars for greening of the Astana capital.

To solve this problem for three years, conducted research work on the development and
introduction of the technology of microclonal propagation of male poplar (Populus) for greening.

On the basis of the studies results, the laboratorial reglament of microclonal propagation of
poplar was developed to obtain seedlings, which consisted of the following stages: the introduction
of in vitro explant, activation of axillary buds, multiplication of microshoots, rooting of micro
shoots, planting and adaptation of test tubes plants in soil, obtainibg seedlings.

We also developed and introduced the technology of propagation of male copies populus alba
L. and populus Bolleana L. with biotechnological methods. The developed technology of
microclonal propagation is made possible to obtain test tubes plants, seedlings, seedlings and
transfer them to the organization of JSC "Astana-Zelenstroy", LLP "Astana Ormany" for greening.

The technology of microclonal propagation of two species of poplar consists of the following
stages:

Stage 1 - Collection of axillary buds of Populus alba L. and Populus bolleana L. Introduction of
axillary buds to in vitro culture of by two-step sterilization;

Stage 2 - Cultivation of axillary buds of the two species on the WPM or MC nutrient medium with
growth regulators of benzylaminopurine (BAP) 0.3 mg/1, 0.2 mg/1 gibberic acid for obtaining the
main shoot;

Stage 3 - Molecular genetic analysis for the identity of the multiplied poplar clones in comparison
with the original form;

Stage 4 - Microclonal propagation of test tubes poplar plants on WPM medium or MS with BAP
0.2 mg/l, gibberic acid 0.2 mg/l;

Stage 5 - Cultivation of test tubes poplar plants at a temperature of 24-26°C and 70% of air
humidity in the illuminated climatic chamber;

Stage 6 - Rooting microshoots of poplar on 2 WPM medium with growth hormone indolyl butyric
acid (IBA) 0.01 mg/l;

7 stage - Adaptation of test tubes plants in peat with sand at room-temperature room with a 16-hour
photoperiod, illumination - 4-5 kl, temperature 24-26°C and humidity 70%;

8 stage - Propagating microshoots of poplar in the soil in greenhouse;

9 stage - Propagation of mini seedings of poplars in a foresty nursery for greening.

At present, a production is being established to produce competitive products in the form of
ready-made seedlings and seedlings of Populus alba L. and Bolleana L for the urbanization of cities
within the framework of the Program "Stimulation of productive innovations", under the subproject
"Commercialization of Technologies for microclonal reproduction of woody plants for industrial
use in urban greening ".

18



PlantGen 2017. Session 1. Genetic Resources and Evolution Oral Session

RYE CHROMATIN INTROGRESSION INTO WHEAT GENOME:
CONTRIBUTION OF WHEAT-RYE CHROMOSOME SUBSTITUTIONS
1R/1A AND 6R/6A IN HYBRID GENOME STABILIZATION

0.G. Silkoval, D.B. Qginoval, Yu.N. Ivanoval, E.A. Krivosheinal,
E.B. Bondarevichz, L.A. Soloveyz, E.A. Sychevaz, N.I. Dubovets’

'nstitute of Cytology and Genetics, Novosibirsk, Russia
“Institute of Genetics and Cytology, Minsk, Belarus

e-mail: loginova@bionet.nsc.ru

Development of wheat introgressive lines with alien genetic material significantly expands
this culture genetic potential. Rye has been successfully used in wheat breeding programs; its
chromosomes carry genes controlling the valuable traits. Overcome the sterility of wheat-rye F;
hybrids is the first step in successful transmission of rye chromatin into wheat genome. Further
amphidiploids stabilization process is characterized by chromosome instability. In this connection,
the information about the meiotic mechanisms of F; fertility restoration and amphidiploid genomes
reorganization is significant for breeding as well as understanding the conditions for wheat and rye
chromosomes co-existing in the same nucleus.

This work is a comprehensive study of the wheat-rye hybrid genomes formation. Molecular
cytogenetic analysis of meiosis in F; hybrids 7. aestivum L. x S. cereale L., in which genomes
wheat chromosomes 1A and 6A replaced by rye homoeologs, revealed two mechanisms of viable
gamete formation: mitosis-like division, and monopolar spindle organization. Seed set analysis of
self-pollinated F; and F, progenies showed considerable variability between hybrid combinations
and among single plant offsprings. To analyze karyotypes of the F3; most productive plants, C-
banding and FISH were used. Hybrids 1Rv(1A)xR with 2n=44 carried only three rye homologs
IRIR, 2RL2RL and 4R4R. Among hybrids 6R(6A)xR most plants contained 56 chromosome, the
number of rye chromosomes ranged from 10 to 14. The number of chromosomes in the control
hybrids Saratovskaya 29 x R variated from 42 to 56, rye chromosome number was also instable —
from 4 to 13. Wheat chromosomes formed telocentrics in some plants. Meiosis in 6R(6A)xR and
1Rv(1A) was mainly stable, while in the Saratovskaya 29 x R, number of univalents per cell were
significantly higher.

Thus, the chromosome substitutions 1R/1A and 6R/6A promote the same mechanisms of
viable gamete formation, but revealed the individual contribution in hybrid genome stabilization.

This work was supported by RSF Ne16-16-00011 and BRFFR B15CO-030.
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METABOLOMIC APPROACH TO RESISTANCE OF AVENA SPECIES
TO FUSARIUM HEAD BLIGHT (FHB)

Igor G. Loskutov

1 — N.I. Vavilov Institute of Plant Genetic Resources (VIR), St-Petersburg, Russia
2 — St-Petersburg State University, St-Petersburg, Russia

Creation of new agricultural crop cultivars possessing a complex of important traits, high
yielding ability and product quality under different environmental conditions requires the well-
studied initial material. A potentially high grain yield of agricultural crops should be combined with
other economically important traits and resistance to biotic and abiotic factors. Diseases not only
suppress plants and reduce the size of grains and yields per unit area, but also deteriorate the yield
quality through the accumulation of pathogens waste products. Mycotoxins decrease the cost and
consumption properties of oat grain and adversely influence human and animal health. Complex
field and laboratory evaluation of accessions of cultivated and wild species of Avena collection VIR
showed these results. Infection of Fusarium fungi was detected in analyzed oat accessions. Average
grain infestation ranged from 6.1 to 18.7 %, the maximum value was 64.0 %. The group of
relatively resistant genotypes to Fusarium infection and to accumulation mycotoxins was found.
The assessment of large genetic diversity of wild Avena species by using DNA testing was shown.
These indicators were linked to each other and to grain infection with Fusarium head blight.
Metabolomics spectra of seeds of wild and cultivated oat species were investigated. The kernels of
wild and cultivated species displayed the highest values for protein, for oil and for other
biochemical components. Content and composition of organic and fatty acids, amino acids,
polyatomic alcohols and sugar were analyzed. Positive correlations have been found to reliably
exist between the studied kernel metabolomics spectra, Fusarium head blight resistance and
mycotoxins accumulation.

This publication was funded by the Russian Scientific Foundation (project Ne 14-16-00072).
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MICROCLONAL INVITRO PROPAGATION OF NEPETA DENSIFLORA

A. Myrzagaliyeva
S.Amanzholov East Kazakhstan State University, Ust’-Kamenogorsk, Kazakhstan

Along with studying the increase of the use efficiency of useful plants, currently there are no
less relevant studies that aimed at finding new, perspective species and, of course, multiplying them
with the aim of preserving their natural populations. The method of tissue culture has been recently
widely used for the mass propagation of rare and endangered species of natural flora. The
application of these methods will allow obtaining the necessary amount of planting material for
introduction into natural conditions.

The genus Nepeta is one of the most important flowering plants of the family Lamiaceae
Lindl. Most species of this genus are widely known as food, spicy-aromatic and medicinal plants.
One of the most interesting species of the genus is the densely flowered catnip — Nepeta densiflora
Kar.et Kir. It grows in the Altai, in the alpine belt on rocky places and near streams. It is found
only on Mountain Zhaidak of Naryn Ridge in Southern Altai, at an altitude of 1990-2300 m above
sea level, in the alpine belt. The coordinates of the GPS data are N 49003.952", E 086 ° 55.264 .
The species occurs sporadically, along the banks of streams, dry riverbed.

The study of the peculiarities of the introduction of the densely flowered catnipinto in vitro
culture becomes very important, since the species contains valuable essential oils that can be used in
medicine, perfume industry and have not been studied to date with respect to the content of
biologically active substances. Due to the inaccessibility and limited nature of the species
distribution area, its use for practical purposes is possible only with sufficient raw materials.
Therefore, we used a clonal propagation method for the densely flowered catnip. To introduce into
the in vitro culture we used the hormone-free agar nutrient Murashige and Skoogmedium. Explants
were cultivated with a 16-hour photoperiod, with an illumination intensity of 1000-1300 lux and an
air temperature of 20-25°C. The explants underwent a complete sterilization process. An effective
sterilizer was 5% sodium hypochlorite combined with 90% ethanol.Explants began to show
viability on the 3rd day of cultivation. During 20 days of cultivation vegetative organs developed in
the explants. After 34 days, cuttings of the obtained micro-plant were takenand planted in the liquid
nutrient Murashige and Skoog medium without adding phytohormones. It was noted that the
development of micro-plants in the liquid medium is faster, and the newly formed micro-plant is
suitable for repeated propagation after 15 days. Root growth is activated on the 25th day of
cultivation. Further, the obtained micro-plants were planted in the specially prepared soil. Thus, the
use of the microclonal propagation method will solve the actual problem of the rapid reproduction
of a rare economic plant, and its preservation by introducing it into a wide culture. Studies on the
obtained catnip plants will be carried out on the identification of essential oils, with subsequent
recommendations for practical use.
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THE GENETIC POTENTIAL OF SOUTH CAUCASUS WHEAT

R.R. Sadoyan

Armenian State Pedagogical University, Yerevan, Armenia
e-mail: ruzannasad@mail.ru

Plants individual development is determined by their hereditary characteristics. The optimal
way of genotypes identification is the examination of genotypically determined extensive changes
of their phenotypes. One of actual approaches is the study of widely expanded spontaneous
negative dominant mutations in wheat varieties with different ploidy and genome composition that
results in depression or death of hybrid plants. The investigation of varietal, geographical, and
biotypical localization of dominant genes of hybrid depression is an important issue for the
profound study of wheat phylogenesis and implementation of seed breeding programs.

The presented research of hybrid depression phenomenon is based on the exploration of the
linked genes, which determine the immunity and range of valuable features, having definite
practical significance for the wheat selection. Hybrid depression genes, detected in wheat
contemporary varieties have been also identified in Aegilops species and diploid forms of wheats,
which are involved in the processes of morphogenesis within various phases of the evolution and
strong allele combinations the phenomenon of lethality were defined as genetically isolating
mechanism among varieties.

The South Caucasus is one of the regions, where the vast accumulations of different kinds of
spontaneous negative dominant mutations are observed in cultivated wheat varieties. Our study of
endemic and selective wheat varieties has determined that the majority of them are carriers of
hybrid depression genes. The comparative analysis of wheat varieties from Armenia, the South
Caucasus and world-wide collection has revealed the characters of their distribution, localization
and allele’s accumulation, correlated with their biotypes.

It has been determined that the genes of hybrid depression in wheat varieties of the South
Caucasus are subjected to overall regularities according to their origin, varietal and biotypical
localization. Nevertheless, there are definite differences in their frequency, strength of alleles and
deletion of single genes of hybrid depression.

Based on genetic variability and potential of phenotype expression, the role and place of
endemic and selective wheat varieties of Armenia in the Asia Anterior family of cultivated crops
were determined.
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REPRODUCTION OF GENETIC RESOURCES OF KAZAKHSTAN

E. Shadenova*l, E. Zhumabekov, M. Sembekov

Institute of General genetics and cytology, Almaty, Kazakhstan
*e-mail: shadel08@mail.ru

The serious problem of the natural existence of forests and their genetic resources in
Kazakhstan creates a growing trend in ageing plantations. According to the scientific-production
center of forestry, even in the face of especially protected natural territories the most widely
represented middle-aged stands and premature plantings.

Current methods of gene and genetic engineering in conjunction with forest biotechnologies
are used to create trees that are resistant to various diseases and pests, which greatly increases the
speed of their growth.

Therefore, particularly relevant and a priority direction of genetic and breeding studies in
forestry is the development and implementation of ways to preserve the viability of the gene pool of
seeds (germplasm) and accelerated technology of growing seedlings using standard culture in vitro
of the main generic breeds in Kazakhstan and valuable introduction.

To this end, we studied populations of trees and bushes plants on territorial areas of the
Caspian Sea (Atyrau and Mangystau region). Severe climatic conditions of the Caspian Sea, located
at the junction of the northern and southern deserts, along with unfavourable soil (salinization, close
underlain by rocks of the indigenous Sarmatian) the intensive solar radiation, accompanied by high
temperatures and low humidity, as well as the intensive development of industry, difficult to form a
favorable environment for the growing population of cities and towns, the inability to ensure the
settlements defensive gardening because of the poverty of woody vegetation, dictate the need for
further and enhanced development of green construction.

On this basis have developed methods of accelerated reproduction of the most important
species of trees and shrubs-nitraria, Turanga, biota which good transfer fouling and falling asleep.

Work was carried out for the conservation and reproduction of the relic species on the verge
of extinction-red Birch (birch Yarmolenko), a collection of 20 types of birch and Aspen trees
represent wood-economic value. The study found that plants obtained by in vitro culture, faster pass
the first stage of ontogenesis, on 5-th month cultivation seedling height reaches 50 cm, compared
with plants from natural populations (2-4 cm). The increase in population is due to the regular
passage, optimal soil acidity.
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TRANSGRESSIONS IN RECIPROCAL INTERSPECIFIC CROSSES
BETWEEN THE CULTIVATED PEA AND ITS WILD SPECIES

V. Dogdu, H. Canci, H. Sari, D. Sari, A. Adak, C. Toker

Akdeniz University, Faculty of Agriculture, Department of Field Crops, Antalya, Turkey
e-mail: toker@akdeniz.edu.tr

Transgression is described as the presence of progeny in segregating populations that fall beyond
phenotypes of their parents. It is often found in the progeny derived from interspecific crosses.
Interspecific transgression is significant with regard to crop evolution and improvement since it
represents a potential source of novel genetic variation. As an outcome of cultivation for a long
time, the cultivated pea (Pisum sativum) has lost some traits conferring to resistance for biotic and
abiotic stresses. For expanding narrower genetic base of the cultivated pea, it was crossed with its
wild relatives including P. elatius, P. fulvum and P. abyssinicum since wild Pisum species are
generally considered as alternative resistant genetic resources for stresses. In the current study,
reciprocal crosses between the cultivated pea and its wild species were performed (i) to obtain
hybrid vigor (heterosis) and (ii) to produce transgressions and (iii) to compare reciprocal
interspecific crosses for yield and yield related traits. For number of pods per plant, biological and
seed yields, considerable hybrid vigor and transgressions were found in Fis and in F, populations,
respectively. F; plants were found to be superior to their parents and superior progeny in F;
populations were higher values than those of F; plants indicating that super progeny would be
created. The cultivated pea could be suggested as female parent in interspecific hybridization to
increase yield and yield criteria since fruitful heterosis in F, were higher than that of F;.
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CONSERVATION AND EVALUATION OF OAT GENETIC RESOURCES
IN CHINA

Zhang Zongwen"’

" Institute of Crop Science, Chinese academy of Agricultural sciences, Beijing, China;
? China Office, Bioversity International, Beijing, China

e-mail: Zhangzongwen(@caas.cn; z.zhang@cgiar.org

Oat is a grain crop in China. It is widely cultivated in north, northwest and southwest parts of the
country. Oat is the staple food for many local people in producing areas. It is also popularly used
for animal feed. In the long history of cultivation, various types of local oat varieties were derived
and remained under different agroecological environments in China. Since 1980s, over 5268
accessions of oat germplasm have been collected and conserved by the national genebank of China,
including 2482 accessions of naked type, 2652 accessions of hulled type and 134 accessions of wild
species. Morphological variation was characterized for the traits of plant, panicle, flower and grains
of oat accessions. Passport and characterization data were documented and shared in National
Information System of Crop Germplasm Resources. Efforts were made to evaluate the resistance to
drought and salt for oat accessions. Multilocation trials in different environments were carried out
to identify accessions with adaptation to the climate change. Genetic diversity of oat collection was
assessed with molecular markers, such as AFLP and SSR. With the constructed genetic linkage
maps, QTLs related to important traits such as B-glucan content, grain size and plant height were
identified. The efforts in conservation and evaluation has promoted the sustainable use of oat
germplasm and contributed to the development of oat industry in China.
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EVALUATION OF GENETIC VARIATION IN RARE TULIP SPECIES
FROM KAZAKHSTAN

S. Abugalieva 1, A. Amalova I, S. Anuarbek I, R. Kaparbay, A. Ivaschenko 2,
Y. Turuspekov '

1 — Institute of Plant Biology and Biotechnology, Almaty, Kazakhstan

e-mail: yerlant@yahoo.com
2 —Ile-Alatau National Nature Reserve, Almaty region, Kazakhstan

According to Flora of Kazakhstan this country is home for 35 Tulip species, and, therefore, it is
naturally one of the symbols of flora in Kazakhstan. Despite tremendous work in botanical
description of local scientists, there was little effort in assessment of molecular phylogeny of
representatives of this genus growing in Kazakhstan. The molecular phylogeny analysis is
particularly important for taxonomy evaluation of endemic and rare Tulip species. In this study leaf
material of thirteen Tulip species were collected in six different regions of the country during 2015-
2016, six of those species were rare and four were endemic. DNA samples were extracted using
Qiagene kits and preserved at -80°C. The genetic analysis of Tulip samples was done based on
using ITS (internal transcribed spacers) and matK DNA barcodes. It is interesting that unlike other
flora representatives no PCR amplification was recorded for matK marker, suggesting that there is a
deletion region in this location of chloroplast genome in all Tulip species studied in this work.
However, PCR amplification was successful for ITS marker for all studied samples. The
phylogenetic tree was constructed based on Neighbor Joining method in MEGA 6.0 package.

The research was conducted in the framework of the Program 0237/PTF-14 supported by the
Ministry of Education and Sciences of the Republic of Kazakhstan (duration: 2015-2017).
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KAZAKHSTAN BASED ON DNA BARCODING ANALYSIS
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As part of nation-wide project for DNA barcoding of flora, a separate study was undergo for
taxonomy analysis of Allium species. In total, nineteen Allium species were collected in field trips
in six different regions of Kazakhstan during 2015-2016. Most of species were collected in Eastern
part of the country along of Altai Mountains (13 species), followed by South Kazakhstan, where 7
different species were collected in Karatau and Sairam-Ugam National Nature Reserves.
Previously, in different other studies, ten out of nineteen studied species were identified as endemic
to various Kazakhstan regions. The phylogeny of Allium species was well described in study by
Friesen et al (2006). Still, that study was not covering all available Allium taxons, including those
that grow in mountainous area of Kazakhstan. In this study the DNA barcoding approach was
applied in order to reassess the taxonomic position of Allium oreoscordum Vved., which is an
endemic species to South Kazakhstan. Two DNA markers used in this study were ITS (internal
transcribed spacers) and matK, representing nuclear and chloroplast genomes, respectively. The
alignment analyses of nucleotide sequences of those two markers precisely confirmed the clustering
of Allium species obtained by Friesen and his co-authors. At the same time, both ITS and matK
analyses suggest that Allium oreoscordum, which was missing in the study by Friesen and co-
authors, is genetically closer to species in section Nigrimontana of subgenus Reticulatobulbosa. The
sequences of Allium species were deposited to the NCBI database.

The research was conducted in the framework of the Program 0237/PTF-14 supported by the
Ministry of Education and Sciences of the Republic of Kazakhstan (duration: 2015-2017).
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CURRENT PROBLEMS OF STUDY AND PRESERVE OF WHEAT
GENE POOL OF ARMENIA
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Armenia is a part of Near Eastern focus of crop species origin. On the territory of modern
Armenia are located nature reserves, protected areas and parks. Armenia flora abounds with of
biodiversity of medicinal herbs and plants, comprising over 3,500 species, 180 species of which are
endemic to the Armenian highlands. Such moderate by its territory focus of origin of wild and
cultivated cereals the territory of Erebouni Reserve — a unique place in the world on a diversity of
growing here wild wheat and their relatives. The problem of the protection of plant resources,
including wild relatives of cultivated plants, currently is a quite topical question and becomes
particularly great importance due to reduction of the natural habitat of valuable species and the
degradation of certain plant communities caused by human economic activity and the influence of
technogenic factors (Gandilyan, Avagyan, 1998; 2001).

In natural ecosystems carried out the study of spontaneous mutational variability of wild
species of wheat and barley as the indicators of effects of environment pollution in the natural plant
communities. Also, endemic cereals investigated as an environmental biomonitors near the
industrial pollution sources in order to establish and conduct genetic monitoring. Early we
investigated reserve proteins (gliadins) of wheat with different ploidity as markers of phylogenic
analyze for revealing the questions concerning the origin of hexaploid wheat separate species. The
comparative investigation of electrophoretic polymorphism spectrum of gliadins have been carried
out among six species of endemic wild wheat — Tr. urartu, Tr. monococcum, Tr. diccocum, Tr.
aestivum and two species of Aegilops — Aegilops cylindrica and Ae. tauschii. The comparison of
electrophoretic gliadin spectrums of diploid and tetraploid wheat species have been shown
considerable occurrence of gliadin components in the 7r. urartu and Tr. dicoccum [Avalyan, 2001,
2009; Zaminyan, Avalyan, 2004].

To investigate the effects of the environment on the different varieties cultivated hexaploid
wheat in modern conditions have been carried out a study on the effects of mm-waves on wheat
seedlings, which gave us the opportunity to assess the possible changes in the genome over a dozen
years. It has shown us how important the study of wild wheat and the preservation of their
biodiversity in terms of the increasing number of anthropogenic sources of mm-wave with the
development of civilization (Minasbekyan et al., 2013, 2016).

The genetic wealth is the most expensive strategically important capital of each country.
Armenia is one of those few countries on the territory of which are still preserved wild relatives of
important crops, the problem of the protection and use of which is of world significance. Nowadays
is highly relevant and the extremely indispensable to study as many cultivated species of wheat in
Armenia and their wild relatives, especially in the areas of their specific diversity, with the aim of
studying the phylogenetic relationships between the species and the preservation of the wild wheat
gene pool.
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EFFECT OF COLCHICINE APPLICATIONS ON GERMINATION
OF SOME FORAGE CROPS

M. Bilgen *, Z. Delibalta, A. Adak

Akdeniz University, Faculty of Agriculture, Department of Field Crops, Antalya, Turkey

"e-mail: bilgen@akdeniz.edu.tr

Colchicine applications are commonly preferred for increasing plant morphology and doubling the
number of chromosomes in cell, referring to as polyploidy, in plant breeding. In this study, effect of
colchicine on germination shoot and root lengths in some forage crops including Medicago sativa,
Trifolium alexandrinum, Onobrychis viciifolia, Lotus corniculatus, Dactylis glomerata, Chloris
gayana, Agropyron cristatum, Agropyron intermedium, Phleum pratense and Phacelia tanacetifolia
were studied with colchicine solutions of 0.25% and 0.5%. Seeds were treated by each
concentration as 2, 4 and 6 hours. The seed were germinated in trays content with vermiculite.
Germination percentage, shoot and root lengths were recorded after treatments both in the treated
seedlings and controls. Colchicine treatments slightly decreased in germination percentage in some
species with the increasing doses and times.
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STUDY OF SPECIFICS OF FORMATION THE SPIKELET NUMBER PER
SPIKE OF VARIETIES OF SOFT SPRING WHEAT IN CONTRASTING
YEARS

N. Boiko, V. Piskarev *, A. Timofeev, T. Kapko

SibRIPP&B- Branch ofICG SB RAS, Novosibirsk, Russia

*e-mail: piskaryov_v@mail.ru

The purpose - examine features of the formation of spikelet number per spike in wheat soft
spring samples of different terms of maturation into various moisture- and heat provision according
to years. The of spikelet number per spike were studied in 139 soft spring wheat varieties in
contrasting years. The study was conducted in 2011-2013 at the experimental field of the laboratory
of the gene pool of SibRIPP&B. The cultivars were divided into the following maturation groups:
mid-early and early (31 plants), middle (94 plants) and mid-late (14 plants). The predecessor is
clean fallow. During a vegetation of plants, phenological observations were carried out according to
methodical instructions (Merezhko etc. 1999).

The average value of the spikelet number per spike increases in ripeness groups of 13.5 of
pieces (early and mid-early groups of maturity) to 14.5 of pieces (meddle group of maturity).

The most stable by year found themselves the samples of meddle group — 64% of which were
characterized by a significant variability (Cv=10%).A significant the variability was characterized
one sample — Albidum 188 (Cv> 20.0%, middle-group).

A significant excess of the average value of spikelet number per spike, over 3 years (2011-
2013) the study noted on samples of Enita and Bell. On variety Rosinka 1, Chebarkulskaya,
Omskay 24 significant excess was observed in 2011 and 2012. Then how on the variety —
Leningradskaya 97, Baganskaya 51 and Lada significant exceeding of the average value of this trait
observed in 2012 and 2013.

Significant positive correlations of have observed between yield and the spikelet number per
spike on the middle group of maturity and early, mid-early groups of maturity in 2011 (r = 0,29)
and 2013 (r = 0,49), years, and on the a group of middle - 2013 (r = 0,36). In the mid-later group of
maturity in all years of the study (2011-2013) correlation dependences of were does not significant.

The work was supported by the Russian Scientific Foundation (Project No. 16-16-00011).
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PHYLOGENETIC ANALYSIS OF FOREIGN AND LOCAL ECOTYPES
OF GENUS AEGILOPS L. USING EST-SSR MARKERS

A.P. Chirkin’, N.A. Yurkevich ', M.A. Yessimbekova ’, K.B. Mukin *,
G.A. Ismagulova '

"'M_.A.Aitkhozhin Institute of Molecular Biology and Biochemistry, Almaty, Kazakhstan,
e-mail: chirkin_a@mail.ru
? Kazakh Scientific Research Institute of Agriculture and Plant Growing, Almalybak,
Almaty reg., Kazakhstan

Study and conservation of wild relatives of cultivated plants as the source of valuable genetic
material for modern varieties' selection is important due to loss of biodiversity of the cultivated
species and decrease of their genetic potential as the result of loss of some genes or their alleles.

A phylogenetic analysis was carried out for 101 samples of genus Aegilops L. using 11
microsatellite EST-SSR markers (PK1, PK3, PK5, PKS, PK9, PK18, PK29, PK31, PK32, PK34 and
PK57). Eight markers were found to be informative and polymorphous. Allele frequency and
heterozygosity was calculated for each of them. The average allele number for the studied group
was 2.73, and average heterozygosity was 20%. The most informative of all studied markers were
PK1 and PKS5. So, for example, presence of 5 allele variations was shown for marker PK1, while it
was 6 for PKS. The remaining markers showed presence of 2 to 4 alleles. For hexaploid samples of
species Ae. trivialis, Ae. vavilovi and Ae. crassa the presence of three allele variations
simultaneously was established in marker PK9.

Based on the results collected in two years of research, the phylogenetic trees were
constructed for each species separately and for all populations as a whole. Genetic distances
between the studied species are calculated. It is established that populations’ clustarization of
various Aegilops species happens depending on the represented genomes. Populations’
clusterization did not contradict the geographic distribution of the studied samples. All plant
samples of Kazakhstan’s populations of Ae. cylindrica and Ae. tauschi were divided into three big
groups according to the distribution areas — Almaty, Zhambyl and South-Kazakhstan regions.
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CHARACTERIZATION OF LIGULELESS MUTANTS OF TRITICEA
SPECIES USING MOLECULAR GENETICS AND SCANNING ELECTRON
MICROSCOPY

O.B. Dobrovolskaya 1’2, A.A. Ermakoy I, A.E. Dresvyannikova 2, Yu. Amagai 3,
A.A. Krasnikov 4, N.P. Goncharov 1, N. Watanabe ’

"nstitute of Cytology and Genetics SB RAS, Novosibirsk, Russia
2Novosibirsk State University, Novosibirsk, Russia
3 College of Agriculture, Ibaraki University, Inashiki, Ibaraki, Japan
* Central Siberian Botanical Garden SB RAS, Novosibirsk, Russia

*e-mail: ermakov(@bionet.nsc.ru

The leaf of Triticeae grasses has a proximal sheath and distal blade separated by the ligule-
auricle region. The sheath provides structural support and protects young leaves; whereas the main
function of blade is photosynthesis. The auricles allow the blade to tilt back for optimal
photosynthesis and determine the angle of a leaf. The ligule protects the stem from entering water
and pests. Liguleless variants have upright leaf blade that raps around the culm. In wheat species,
spontaneous liguleless variants were collected in Cyprus (durum wheat), Badakhshoni Kuhi and
Tajikistan (bread wheat). Liguleless variants are also found in rye. A liguleless mutant was obtained
in Aegilops tauschii. The genes that determined the liguleless phenotype in wheat, rye and Ae.
tauschii were identified and mapped on homoeologous group-2 chromosomes. Here we report
characterization of liguleless lines of wheat, Ae. tauschii and rye by means of scanning electron
microscopy and molecular genetic tools. The orthologs of Lg/ maize gene, whose mutations cause
luguleless phenotype, were first isolated in the A, B, D genomes of tetraploid and hexaploid wheat
species, the D genome of Ae. tauschii and the R genome of rye. These Lg/-orthologous genes of
Triticeae species were mapped on wheat and rye chromosomes and their locations were compared
with the previously reported location of liguleless morphological genes.

This work was supported by Russian Science Foundation (grant N 16-16-10021) and RFBR
grant N 15-04-05371.
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THE POTENTIAL OF USING OF PRACTICAL - VALUED PLANTS’ RESOURCES OF
THE CENTRAL KAZAKHSTAN’S FLORA

M. Yu. Ishmuratova

Karaganda State University named after academician Ye.A. Buketov, Karaganda, Kazakhstan;
e-mail: margarita.ishmur@mail.ru

Modern development of agricultural industry and branches of Kazakhstan, such as light, food,
alcoholic, pharmaceutical and medical, determines before scientists the tasks of rational use of
natural renewable resources of the republic such as vegetable cover. Studying of useful groups of
plants allows to estimate their resources correctly and rationally to use them.

A variety of natural reliefs, considerable amplitude of temperatures, rainfall and humidity
determined a variety of vegetation. So, on the territory of the Central Kazakhstan more than 1200
species of vascular plants grow which belong to 434 genes and 99 families.

Our researches determined that flora of the Karaganda region (the Central Kazakhstan)
contained considerable number of species which had value in the economic relation.

The revealed plant species were divided into the following groups: technical, fodder,
medicinal, essential oil, food, melliferous, ornamental-decorative, vitamin andfood.

The leading position belongs to herbs — 306 species (25.4% from all practical-valued plants) from
151 genes and 46 families. Among them: Achillea nobilis, Artemisia vulgaris, Inula helenium,
Tanacetum vulgare, Thymus marschallianus, Sanguisorba officinalis, Serratula coronata, Salvia
stepposa, Asparagus officinalis, Rosa laxa, Ephedra distachya, and others.

The second place is occupying essential-oil plants — 298 species (23.7%) from 106 genes and
27 families. The biggest amount of plants are in genus Artemisia, Achillea, Ferula, Seseli, Salvia,
Thymus, Dragocephalum, Hyssopus, Tanacetum, Ajania, Eryngium, Bupleurum and etc.

The third position belongs to fodder plants (280 species from 151 genes and 46 families).
They are such species as: Dactylis glomerata, Festuca valesiaca, Agropyron cristatum,
Eremopyrum triticeun,  Filipendula ulmaria, =~ Rheum  tataricum,  Beckmannia eruciformis,
Althaea officinalis, Malva pusila, Polygonum aviculare, Anabasis salsa and other.

On the forth position are technical plants (Betula pendula, Pinus sylvestris, Isatistinctoria,
Salsola collina, Artemisia frigida, Caragana pumila, Alnus glutinosa) which are used as building
and ornamental material, fuel, for the production of tannins, resins and paints.

There are a lot of species containing vitamins (168 species from 78 genes and 18 families) —
Artemisia dracunculus, Ribes nigrum, Rubus caesius, Rubus idaeus, Fragaria viridis, Fragaria vesca,
Rosa spinosissima, Rosa bergeriana, Rumex acetosa, Viburnum opulus, Lonicera palassii, etc.

Milleferous plants are belonging 166 species from 116 genes and 41 families. They are can be be
a source as honey, so perga: Caragana frutex, Amygdalus nana, Thymus serpyllum, Lonicera tatarica,
Halimodendrom halodendron, Spiraea hypericifolia, Filipendula vulgaris, etc.

Food plants include 151 species from 101 genes and 48 families. Among them are
Rubus saxatile, Rumex confertus, Elaeagnus angustifolia, Equisetum ramosissimum, Allium
sativum, Allium galanthum, Solanum dulcamara.

The minimum number of species belongs to decorative-ornamental plants — 126 species from
91 genes and 46 families. It should be noted that human application is found a small number of
species — from 5 to 15% of the available potential resources.

Considerable potential use in the Central Kazakhstan belongs to herbs, essential oil and
melliferous plants.

Thus, flora of the Karaganda region contains considerable number of useful species which use
is limited now.

Researches are executed within the program 0237/PTF-14 (project "Molecular
Systematization of Endemic, Rare and Practical-Valued Plant Species of the Western, Central and
Eastern Kazakhstan").
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MORPHOLOGICAL AND PHYLOGENETIC IDENTIFICATION OF THE
ANTHEMIS TROTZKIANA CLAUS

K.S. Izbastina ', M.S. Kurmanbayeva ', S.I. Abugalieva *

'Al-Farabi Kazakh National University, Almaty, Kazakhstan
? Institute of Plant Biology and Biotechnology, Almaty, Kazakhstan

email: izbastina.k@gmail.com

Anthemis trotzkiana Claus (Asteraceae) is rare species, subshrub, growing on the chalk cliffs
and limestones and endemic to the Volga region and Western Kazakhstan. We are interested in
studying this species, since this species of genus Anthemis L. was included in flora red books (The
Red Book of the USSR, 1978 y., The Red Book of the Kazakh SSR, 1981 y., The Red Book of the
RSFSR, 1988 y., The Red Book of Kazakhstan, 2014 y.). Descirption of this species is extremely
limited, population structure of the species, anatomical and morphological features and genetic
diversity were unstudied. Herbarium specimens of the species were collected in the Aktobe region,
three kilometers from the cretaceous slopes of Akshatau. Rare specimens were found on Cretaceous
deposits, the rhizome of the plant is almost horizontal, branched, with numerous subordinate roots.
Above the rhizome leaves many furrows, cylindrical chalky-horny stems, averahe height is
27,06+9,9 cm.,roots are hard, arboreal, stems are unbranched, leaves twice pinnat-dissected, leaflets
are mainly located on the lower part of the stem,color of leaves is dense-white, peduncle long with
single baskets, in one plant 4-5 medium-sized baskets.In the baskets, the marginal flowers are reed
with yellow corolla,in the middle, tubular flowers areandrogyne, with a crown. Seedlings are light,
a short crest in the form of a crenellated crown, the data us obtained fully corresponded to the
description of the species.

DNA analysis on phylogeny of Anthemis trotzkiana was conducted based on ITS (internal
transcribed spacers) marker. DNA sequencing was conducted using DNA analyzer 3130 from the
Applied Biosystems. Alignment of Antemis sequences was performed using nucleotide sequences
available at the NCBI and MEGA 6 package. The phylogenetic tree constructed based on Neighbor
Joining method. The results suggested that A4.trotzkiana along with A. marschalliana, A. futiculosa,
and 4. calcarea form a single cluster within Tanacetum clade, while other Athemis species formed a
separate Anthemis clade. Obtained results provide an important insights for evolutionary processes
within Anthemis genus.

The work was supported by NTP 0237/PTF-14 granted by the Ministry of Education and
Sciences of the Republic of Kazakhstan.
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THE CONTENT OF OIL AND FATTY ACIDS IN BREEDING
OF SUNFLOWER, SAFFLOWER, SOYBEAN, CANOLA AND LINEN:
CULTIVARS GENE POOL AND GENETIC RESOURCES

A.IL Abugalieva *', A.I. Massimgaziveva ', T.B. Azhgaliev ?  A.Zh. Zhumahanova’

' The Kazakh Research Institute of Agriculture and Plant Growing, Almalybak, Kazakhstan
*SVTMA RK, Astana-Almaty, Kazakhstan

*e-mail: kiz_abugalieva@mail.ru

Cultivars resources of oil seeds in Kazakhstan by 54 varieties and hybrids of sunflower,
safflower 6 varieties, 24 varieties ofcanola, 33 soy, and 7 linen from 1 to 4 varieties of castor bean,
camelina and mustard. The aim of this work was to examine the fat content in the seeds of the test,
prospective and admitted to the use of varieties of rapeseed, sunflower, soybean, safflower, flax
domestic and foreign selection used in the Republic of Kazakhstan and determine the biological
potential of oilseeds on fatty acid composition.

The fat content of sunflower seeds varies greatly from 31.2% to 52.8% (Talmaz). According
to the oil collection per hectare allocated genotypes Kandy, Brio, Kazakhstan 1, Jubilee 40, LH
5635, Printasol, ripening 87, PR 64 T-46, PR 63 A62. The maximum fat content noted for
sunflower samples: P62LL109 (51.5%); ECX9064 (48.0-50.4%); Kazakhstan 95 (48,8-51,3%).
Safflower oil seed samples and varieties ranges 20.0-43.3%. Safflower oil contains 76-82% of
linoleic acid for high-quality gene pool. Oil content of the seeds on dry substance of 36%, 52.7%
kernel. Linoleic acid content in varieties Kazakhstan ranges from 67.5% (Akmai) to 73.9%
(Nurlan), the ratio of unsaturated / saturated varies from 5.79 (Akkyzyl and Akmai) to 7.69 (cv
Nurlan). The content of erucic was minimal for cvs Akmai (0.04%) and a maximum for AkKyzyl
variety (0.27%).In the competitive test of variety KazSRIA&PG (Gazke L., Meyrman G.T.)
revealed two samples containing linoleic acid more than 84.0%, and in manual form identified with
an almost equal ratio of linoleic to oleic acid (39.2-52.6 % / 39.7-49.4%)).

The oil content in soybean varieties ranged from 18.0% to 26.9% in the SVT system, depending
on the condition andyearof reproduction. The maximum oil content find for cv Annushka (22.2-
25.4%) and Mavka (21.6-25.9%). Almaty soybean varietyis characterized by thehigh content ofoleic
acid (35%), and cv Zhalpaksay high inlinoleicacid (47.5%) and VitaminFto 58.4%. In the collection
nursery (Didorenko SV) the maximum content of oleic acid was for cvs Maplepresto 31.9% (000
groups); for genotype Aldana — 27.7% (00 groups); 0 group for genotype ripeness Maplearrow
24,8%; Enterprize (1 gr.) — 21.6%; K-11222 (Il maturity group) - 22.8%; 2) linoleic acid varieties for
Nadezhda - 58.1% (000 Group); Ne6271 — 49.4% (00); Ne431 - KIZ and Altom — 55.9% and 55.6%
(0); 55.5% - Enterprize (1); 53.4% — K-11222 (1I).

Rape has elevated oleic acid content of 58.0% for the cultivars Maibulak, Lipetsk to 65.8%
(Gladiator), and a high ratio of unsaturated / saturated fatty acids of 6.70 in the variety Lipetsk to
7.80 in the variety Ubileinuy. Negative for food use erucic acid is present in the range from of
0.17% cvs Jubilee to 1.83% in cvs Maily (Dolgich, Abugalieva, 2009).

The main varieties of linen in Kazakhstan: North and Kostanaisky yantar with a fat content of
up to 43.8% (East) in the mountainous regions. The oil content of the variety Kostanaisk yyantar
ranges from 36.4% to 42.8% at the level of the yield 14.3-16.0 c/ha climate - environment
conditions can increase the production potential of oilseeds. By the diversity of crops (linen,
sesame, castor) as informed research KSRA and Vavilov Institute (Udolskaya, Kolushev, 1970;
Kuzmich, 1945). In Kazakhstan, promising oilseed such as castor oil (castor oil). In modern studies
of tong oil content reaches 41.4 - 46.4%.
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IDENTIFICATION OF PRODUCTIVITY AND QUALITY OAT
GENOTYPES: AVENYNE, DNA MARKERS AND MORPHOLOGY (UPOYV)

A.l. Abugalieva 1’2, M. Nurpeissov >, B. S. Sariev 1, K. K. Zhundibaev '

! Kazakh Research Institute of Agriculture and Plant Growing, Kazakhstan
? Kazakh National Agrarian University, Kazakhstan
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Eleven genomic and expressed sequence tags (EST)-derived primer pairs were designed and
selected according to their high polymorphism (Langdon,2014). The varieties and block of
competitive variety testing (CVT) were classified as poly- and monomorphic according to the
analysis of three microsatellite DNA loci. On the basis of 5 Kazakhstan varieties have been created
pure-line materials by genetic (DNA) markers and morphological traits of UPOV (Zhorga, Baige,
Pegas, Skakun, Alaman), avenyne electrophoresis.

It was revealed the dominance of genotype CVT (Kazakh Research Institute of Agriculture
and Plant Growing -KazRIAPG) 06 / 03-1 and the genotype of the EVT (Ecological variety testing)
1185 H2 (Scientific Production Center of Grain Farming - SPCGF) by assessment of the forms for
potential and adaptability.

The maximum accumulation of biomass (NDVI) by two genotypes 50/98-12 and 6/03-1 in the
process of the growing season correlated with grain yield 0,70 + 0,1 t/ha and 7,3 = 0,2 t/ha
regarding to standards Kazakhstanskyi 70 with a yield of 6,3 t/ha, and Alaman — 6,4 t/ha.

Block of naked oats is characterized by containing the protein between 15,7-18,9% and two
samples with a very high value, above 19.0% (K-14832 and K-14537). The main part of the protein
in husked oats was formed by fractions of glutenin and albumin + globulin, as the most assimilable.
The ratio of protein fractions for naked oats shifted towards predominance of gluteline fractions and
decrease avenyne. Naked oats surpass husked forms on the contents of protein, starch and fat, which
is consistent with the data of breeders and researchers in this field. The ranking of varietal gene
pool, genetic resources and breeding materials revealed a high glucan forms with more than 5.0%
for varieties Alaman, Nicola, Pegas, Irtysh 15, K-14638, K-11247, K-13587, K-13544; K-14836.

This work was supported by grants Ne 0115RK02331 "Identification and marking of oats
germplasm for breeding high-glucan and naked types of productive oat varieties” O.7221, project
state registration NeO115RK02312 "Phenotyping, genomics and biotechnology (biochemistry) in the
creation of cereals, legumes and forage varieties with genetically identified stress indicator
properties of productivity and quality".
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DEVELOPMENT OF TECHNOLOGY FOR CLONAL
MICROPROPAGATION OF RHODIOLA ROSEA L.

A.E. Orazov, A.M. Akzambek

S.Amanzholov East Kazakhstan State University

Rhodiola rosea is a perennial plant of the Tolstyankov family (Crassulaceae DC). The plant
reaches a height of 20-30 cm. This is a valuable species, with a big decrease in number. It is listed
in the Red Book. Rhodiola rosea contains an essential oil, flavour of which is reminiscent of pink.
Rhodiola rosea has long been used in folk medicine, which was the reason for the reduction of its
distribution area, so the study of the peculiarities of the introduction of rhodiolarosea into culture in
vitro is of great importance (Flora of Kazakhstan).

To introduce it into in vitro culture we used buds of the regeneration of Rhodiola rosea,
which were collected on the southwestern hills of the Sarynokai mountain of Altai Tarbagatai ridge,
at an altitude of 2369 m above sea level, with coordinates (according to GPS): N 49008.854"; E 086
©11.898". The buds were separated from the rhizome.

It was decided to use the following agents for sterilization: a soap solution, sodium
hypochlorite, ethanol and hydrogen peroxide. 15x15 cm four-layer bags were made from a sterile
medical bandage. The material was treated with a soap solution and sodium hypochlorite outside
the laminar box. The remaining manipulations with the materials were carried out under conditions
of increased sterility (Kalinin F.L., 1992).

Apical parts of buds were isolated and placed in a nutrient medium.When introduced into in
vitro culture, we used Murashige and Skoog (MS) nutrient media with various additives of growth
regulators:

1) MS without growth regulators (number of explants 11, viable of them 0).

2) MS + TAA 1 mg/l, BAP 0,1 mg/l, kinetin 1 mg/l, gibberic acid 0,1 mg/l (number of
explants 12, viable of them9).

3) MS + BAP 1 mg/l, kinetin 1 mg/l, gibbericacid 0,1 mg/l (number of explants 10, viable of
them§).

On the 14th day of cultivation in a nutrient medium with the addition of BAP, kinetin and
gibberellic acid, the explants began to develop leaves.

The conducted studies show the possibility of introduction into in vitro culture and further
microclonal propagation of Phodiola rosea L. Callus formation can also be used in the future to
isolate biologically active substances.

The optimum composition of the nutrient medium for a given plant species is the medium
supplemented with BAP, kinetin and gibberellic acid. Thus, the study of the conditions of
cultivation of Rhodiola rosea L. in vitro has shown the possibility of effective application of the
buds for its propagation.

The research is carried out within the framework of grant financing of fundamental scientific
research on the priorities of science development for 2015-2017 on the topic "Development of
biotechnological methods for the preservation of endemic and medicinal plants in conditions of in
vitro ". The research is funded by the Committee of Science of the Ministry of Education and
Science of the Republic of Kazakhstan.
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IDENTIFICATION OF THE GENETIC CONTROL OF THE 1000 GRAIN
WEIGHT OF VARIETIES DIFFER OF SOFT SPRING WHEAT

V. Piskarey *, N. Boiko, T. Kapko, A. Timofeev

SibRIPP&B- Branch ofICG SB RAS, Novosibirsk, Russia

e-mail: piskaryov_v(@mail.ru

The purpose of the research was to determine the peculiarities of genetic control of the 1000
grain weight of the varieties differ of soft spring wheat. The study was conducted in 2016 at the
experimental field of the laboratory of the gene pool of SibRIPP&B. Mathematical treatment of
value of the 1000 grain weight of the varieties and the hybrids F, was carried out using the system
of genetic analysis of quantitative traits Poligen A, developed by Merezhko A.F.

The parental forms Isheevskaya and Amu 65500 differ at the 3 genes controlling the trait with
the expression of dominant epistasis A>B = 1,0. The parental forms Isheevskaya and Lutescens 112
different at the 1 gene controlling the trait. The degree of dominance is equal to -1,0 for the first
generation hybrids. The parental forms Isheevskaya and Fenita differ at the 2 genes controlling the
trait. The degree of dominance equal to -0,8 for the first generation hybrids. The recessive epistasis
is a>B = 1,0. The parental forms Lutescens 85 and Amu 65500 differ by 4 genes that determine the
trait. Dominant epistasis is A>B = 1.0 And A>C = 1. The parental forms Lutescens 85 and
Lutescens 112 differ by 2 genes controlling the trait. The degree of dominance equal to -0,8 for the
first generation hybrids. The parental forms Lutescens 85 and Fenita differ at the 2 genes
controlling the trait. The degree of dominance equal to 0.8. The parental forms Shorthandinka 95
and Amu 65500 different by 2 genes controlling the trait. The degree of dominance is equal to -0,3.
The parental forms Shorthandinka 95 and Lutescens 112 different by 2 genes controlling the trait.
The degree of dominance equal to a 1.0. The parental forms Shorthandinka 95 and Fenita differ at
the 3 genes controlling the trait. The degree of dominance is equal to -0,3.

The work was supported by the Russian Scientific Foundation (Project No. 16-16-00011).
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GENOTYPIC AND AMPELOMETRIC CHARACTERIZATION OF
KAZAKHSTAN GRAPEVINE CULTIVARS COMPARED TO EUROPEAN
AND ASIAN CULTIVARS

A.S. Pozharskiy, K.P. Aubakirova, N.A. Ryabushkina

Institute of Plant Biology and Biotechnology, Almaty, Kazakhstan

email: natrya7@yahoo.com

Grapevine is one of the most important and oldest fruit crops of temperate areas of the world.
Development of viticulture in Kazakhstan started in late 1950s, but decreased since 1980s resulting
from political, social and economic changes in the country. For now the aim of the Government
programs is to recover vineyards in southern and south-eastern Kazakhstan’ regions and increase
grapevine productivity. For the region nowadays an important step in viticulture improvement is
detailed genetic and phenotypic characteristics of perspective cultivars. 114 cultivars including 18
ones of Kazakhstan breeding, 21 and 56 cultivars of European and Asian origin, respectively, and
19 hybrids were genotyped using six SSR-markers, recommended by OIV International grapevine
descriptor: VVS2, VVMDS5S VVMD7, VVMD?27, VrZag62, VrZag79. Genotypic data were
analyzed using following software: STRUCTURE, IDENTITY 1.0, TFPGA 1.3, GenAlex. Analysis
included UPGMA clustering with Nei’s genetic distances, Bayesian structure analysis, descriptive
and population statistics of alleles. Obtained results confirmed a priori data about cultivars’
relations and pointed on some mistakes of attribution. As an approach complementing genetic
analysis leaf ampelometric study was conducted. 16 leaf parameters according to OIV descriptor
were measured using Gra.LE.D 2.04 software, also 12 relative parameters were computed and
analyzed with R statistical programming language. 10 parameters most suitable for cultivars
discrimination accordingly to statistical analysis were selected for clustering of cultivars. 17
landmarks of grapevine leaf were used to determine an average leaf shape for each cultivar by
generalized Procrustes analysis (GPA). Results of ampelometric study showed that parameters of
leaf shape can distinguish different grapevine varieties accordingly to their relations. Present study
shows that, despite of development of molecular methods of fingerprinting for cultivars’
classification, classical ampelometric methods linked with modern statistical approaches still
remain relevant. Thus, molecular genetics’ and morphometrical methods of characterization of
grapevine varieties should be used in complex for more precise identification and classification.
Such information is important for effective grapevine culture management and development of new
cultivars with traits of interest.

This work was supported by Ministry of Education and Science of Republic of Kazakhstan
(grant 1194/GF4).
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RETROTRANSPOSONS-BASED GENETIC DIVERSITY AND
RELATIONSHIP AMONG RHODIOLA ROSEA

D.S. Tagimanova *', O.N. Khapilina ', A.N. Danilova*, A.A. Amenov”’,
R.N. Kalendar’

"National Center for Biotechnology, Astana, Kazaxhstan
2 Altai Botanical Garden, Ridder, Kazakhstan

*e-mail: tagds@mail.ru

Genetic diversity of species is one of the most important parameters that determine the steady
state populations and the preservation of mechanisms of adaptation to external environmental
factors. This is especially true for small and isolated populations of rare and endangered species of
plants that are sensitive to changes in climatic conditions. Molecular markers are essential in plant
and animal breeding and biodiversity applications, in human forensics, and for map-based cloning
of genes. The long terminal repeat (LTR) retrotransposons are well suited as molecular markers. As
dispersed and ubiquitous transposable elements, their “copy and paste” life cycle of replicative
transposition leads to new genome insertions without excision of the original element. Both the
overall structure of retrotransposons and the domains responsible for the various phases of their
replication are highly conserved in all eukaryotes. The method, iPBS amplification, is based on the
virtually universal presence of a tRNA complement as a reverse transcriptase primer binding site
(PBS) in LTR retrotransposons. To study the genetic diversity of geographical populations of
Kazakhstan Rhodiola has been used iPBS amplification technique. Polymorphisms are defined as
the presence-absence of electrophoretic spectra of specific DNA fragments, due to differences in the
DNA sequences of primers planting places. In the study 60 accessions belonging to Rhodiola sp. A
total of 155 scorable bands were detected out of were polymorphic (60 %), ranging in size from 100
to 3000 bp. The dendrogram constructed using the method of ME (Minimum Evolution), revealed a
clear differentiation population of Rhodiola. The studies revealed that the molecular markers iPBS
can be used as effective tools for clustering and inter-population used in research aimed at studying
the genetic diversity of populations Rhodiola rosea. This study also demonstrates the utility of
retrotransposons sequences, a ubiquitous part of eukaryotic genomes, for diversity studies in
Rhodiola rosea and in Rhodiola sp.
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IDENTIFICATION OF GLU-DI AND GLU-AI1 ALLELES IN BREAD WHEAT
USING DNA MARKERS

M. A. Tikhonova, R. Koppel, A. Ingver

Estonian Crop Research Institute, Estonia
Email: marina.tikhonova@etki.ee

The bread-making quality of wheat (Triticum aestivum L.) is primarily influenced by its grain
protein content and gluten quality. It was indicated that the unique visco-elastic properties of wheat
dough could be accounted by variation in high molecular weight glutenin subunits (HMW-GS), the
components of the gluten polymer.

The aim of the present study was to perform molecular-genetic analyses of allele composition
of HMW glutenin loci Glu-A1 and Glu-D1 in 27 winter and 15 spring wheat cultivars originated from
9 countries of Europe using PCR method. Comparison of two methods, PCR and protein SDS-PAGE
(by Tohver, 2007; Békés, Wrigley, 2013), of 18 winter and all spring cultivars was carried out.

It was determined that 17 winter and 11 spring cultivars had allele Glu-DId, and 16 winter
and 13 spring — Glu-Ala or Glu-Alb alleles, that have significant positive effects on dough
properties (Table). In general, 16 cultivars combine these desirable alleles in their genotypes. It was
found that investigated genes were polymorphic mainly in old Estonian cultivars (Joni, Jogeva 22,
Kehra, Luunja, Sani). Comparison of the HMW-GS SDS-PAGE results with those using allele-
specific markers indicated complete disagreements for the G/u-D1 in 2 winter and 5 spring cultivars
and for the Glu-A1 in 5 winter and 2 spring cultivars. Low resolution of SDS-PAGE presumably is
the main reason for the discrepancy, as DNA analysis is considered to be more accurate. Other
causes could be intravarietal polymorphism of investigated cultivars and labelling errors in seed
collections.

Table. The results of PCR analysis for Glu-D1I and Glu-A1 HMW-GS in selected wheat cultivars

Cultivar
Winter \ Spring Alleles

Glu-D1

Ada, Bjoerke, Ebi, Eka, Flair, Fredis, Kalvi, | Baldus, Mahti, Manu, Monsun, Munk, d

Korweta, Lars, LIA 0044, LIA OQ 134, Runar, Taifun Tjalve, Triso, Vinjett,

Portal, Ramiro, Ritmo, Sani nui, Sirvinta, Zebra

Tarso

Gunbo, Joni, Jogeva 22, Kehra, Kuusiku, Estrad, Helle, Meri a

Puuk, Sani B

Luunja, Sani, Sani A Satu d/a
Glu-Al

Fredis, Kuusiku, Lars, Luunja, Puuk, Baldus, Monsun a

Ramiro, Sani nui, Sirvinta

Gunbo, Eka, Kalvi, Sani A, Sani B Estrad, Helle, Manu, Meri, Runar, Satu, b

Tjalve, Vinjett, Zebra

Ada, Bjoerke, Ebi, Flair, Korweta, LIA Munk, Taifun c

0044, LIA 00134, Ritmo

Jogeva 22, Kehra, Sani Mabhti, Triso a/b

Portal - a/c

Joni, Tarso - b/c
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VARIABILITY OF NUCLEAR GENOMES AND THE STATE OF ORGANELLE
DNA IN ALLOPLASMIC (HORDEUM)-T. AESTIVUM LINES

N.V. Trubacheeva *, T.S. Osadchaya, L.A. Pershina

Institute of Cytology and Genetics SB RAS, Novosibirsk, Russia

* . .
e.mail: natas@bionet.nsc.ru

Alloplasmic lines (ornuclear-cytoplasmichybrids) in which alien plasmonsare combined with given
nuclear genomes through repeated substitution backcrosses, are valuable experimental tools for
studying interaction of nuclear genomes and plasmons (organelle genomes) during the development
of new genotypes derived from wide hybrids. The efficiency of viable and fertile hybrid plants
formation is determined by the influence of nuclear-cytoplasmic interactions. The aim of this work
was to study nuclear and organelle genomes in process of alloplasmic lines formation based on
backcrossed and self-pollinated progenies of barley-wheat hybrids H. marinum subsp.
Gussoneanum Hudson (2n=28) x T. aestivum L. (2n=42) and H. vulgare L. (2n=14) x T. aestivum
L. (2n=42).

By using molecular and cytogenetic methods it was found out that the process of (H.
marinum subsp. gussoneanum)-T. aestivum alloplasmic linesdevelopment involved either
integration of wild barley chromosomes in wheat genome, which leads to formation of substituted
and additional lines, or elimination of all barley chromosome from wheat genome. The genomes of
alloplasmic (H. vulgare)-T.aestivum lines contained only wheat chromosomes. It was revealed that
mitochondrial cob, nad3-orfi56, 18S/5S and chloroplast ndhH, rpoB, psaA, infA, ycf5 loci present
in heteroplasmic (simultaneous presence of barley and wheat copies) and homoplasmic (copies of
one parent) state in alloplasmic lines. Mitochondrial DNA heteroplasmy in (H. marinum subsp.
gussoneanum)-T. aestivum lines associated with barley chromosomes in wheat genome irrespective
of fertility level. As for (H.vulgare)-T. aestivum lines without barley chromosomes in nuclear
genome, heteroplasmy was detected in partly fertile and sterile plants. The restoration of fertility
accompanies with decrease of maternal barley copies and increase of paternal wheat copies. It was
shown that only maternal mitochondrial and chloroplast copies expressed in plants with
heteroplasmy.

Alloplasmic lines are suitable models for studying somaclonal variation mechanisms caused
by changes in mitochondrial or chloroplast DNA.

This work was supported by Basic Project Ne 0324-2015-0005 and the RFBR (Ne 17-04-
01738).

42



PlantGen 2017. Session 1. Genetic Resources and Evolution Poster Session

GENE POLYMORPHISMS OF WHEAT SUPEROXIDE DISMUTASE
GENE FAMILY

A.S. Turzhanova, R.N. Kalendar

RSE "National Center for Biotechnology", Astana, Kazakhstan
e-mail: ruslan.kalendar@mail.ru

Superoxide dismutase (SOD) is one of the main enzymes responsible for protection against
stress effects, associated with the generation of ROS. These processes, which destructively affect
cell structure and metabolism, are mutually connected and stimulate each other, which may result in
a decreased efficiency of oxidation-reduction enzymes or the electron transport system leading to
fast production of reactive oxygen species in the cell. Wheat species is the most important crop, and
one of the most important objects in the field of genetics research, and molecular genetics. The aim
of our work was to study the molecular genetic polymorphism of homologous gene families of
SOD in the world collection of wheat, with a value in the breading of the root system. The
polymerase chain reaction (PCR) based technique, ‘exon-primed intron-crossing’ (EPIC) has
gained favour in plant and animal studies, and relies on design of primers selected to anneal to
highly-conserved regions of the exons. Conservation of exonic regions allowed EPIC to be used to
analyse intra- and interspecific polymorphism within SOD genes from multiple cereal species.
Thus, genomic data obtained from one or more organisms can be effectively used to rapidly design
EPIC-markers for additional related species. We have designed sets of PCR primers for detection of
polymorphism genes of superoxide dismutase in wheat and other genetically related cereal species.
The result of the research show the molecular-genetic polymorphism of the diversity of superoxide
dismutase gene families of world collection of wheat. PCR based detection allelic variation of
superoxide dismutase gene families were revealed in intra- and interspecific polymorphism. The
greater the genetic distance were found between the studied wheat species (between Triticum sp.
and Adegilops). This work demonstrates how EPIC can be used to determine inter- and intra-specific
genetic variation within plant taxonomic groups, and could represent a useful tool for marker-
assisted selection of novel SOD alleles within breeding programmes. Thus, new information can be
used to improve existing varieties to enhance their adaptation properties, resistance to climatic
factors, diseases and pests, analysis of the genome of this important culture for the characterization
of varieties that will be used for practical purposes — for marker assisted selection.
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ASSESSMENT OF DISTINCTIONS BETWEEN GLYCYRRHIZA URALENSIS
AND GLYCYRRHIZA GLABRA BASED ON ANALYSIS OF ITS MARKER

L. Volkova ', N. Gemedzhieva’, . Abugalieva I'S. Zhanarbek ', P. Veselova’,
G. Sitpayeva ’, Y. Turuspekov "

! Institute of Plant Biology and Biotechnology, Almaty, Kazakhstan
? Institute of Botany and Phytointroduction, Almaty, Kazakhstan
e-mail: yerlant@yahoo.com

The genus Glycyrrhiza consists of approximately 30 species, in which six species produce a sweet
saponin  glycyrrhizic acid  (glycyrrhizin). Three representative  species (G.glabra,
G.uralensis and G.aspera) of this genus are growing in South-East, Center and West Kazakhstan.
Among them G.glabra and G.uralensis are an important medicinal plants with industrial, ecological
values and using as flavorings, sweeteners, for improving health, detoxification and cures for injury.
Molecular genetics analysis was applied in order to differentiate these species. The ITS region is an
effective marker for use in authenticating of the family Fabaceae. In this study the genetic diversity
of three species of genus Glycyrrhiza L. has been characterized by using the nuclear rDNA internal
transcribed spacer (ITS) region.The studied collection consisted from 10 populations, including 6
populations of Glycyrrhiza glabra, 3 populations of G.uralensis and 1 populations of G.aspera,
collected in 5 regions of Kazakhstan. Direct sequencing of samples was carried out using Genetic
Analyzer 3130 (Applied Biosystems, USA). Genetic distances between genotypes by analyzing
genes were calculated using Neighbor-Joining method (Saitou and Nei, 1987). Phylogenetic tree
was produced using Neighbor-Joining method and MEGA, version 5 (Tamura K. et al., 2011). The
obtained results show polymorphism of nucleotide sequences among three Glycyrrhiza L. species,
involved in this study. Four nucleotide substitutions were found at 161, 385, 386 and 387 nucleotide
positions, which is helping to discriminate the species. Also, the analysis of ntDNA ITS sequences
showed good resolution at the intraspecific level and allowed to identify hybrid samples in
populations. In Kazakhstan, this was first study the populations of Glycyrrhiza L. by using the DNA
sequencing of the nuclear rDNA internal transcribed spacer (ITS) region to infer phylogenetic
relationships. The resulting information can be used in population genetic, molecular systematics
and biogeography, and studies for identification of potentially new species.

The research was conducted in the framework of the Program 0237/PTF-14 supported by the
Ministry of Education and Sciences of the Republic of Kazakhstan (duration: 2015-2017).
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ANALYSIS OF GENETIC DIVERSITY OF COMMON BEAN FROM
DIFFERENT REGION OF CHINA

Lei Lei, Lanfeng Wang, Shumin Wang*

Institute of Crop Sciences, Chinese Academy of Agricultural of Sciences, Beijing, China
*Corresponding author: wangshumin(@caas.cn

Common bean (Phaseolus vulgaris L.) was introduced to China from the Americas in the fifteen
century and presently is an important food legume crop which has been cultivated in many areas of
China. This work aims to evaluate the genetic diversity of a Chinese common bean core collection
by examining the variability of phaseolin, the major seed storage protein of common bean,
throughe-dimensional sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS/PAGE)
method. A total of 689 common bean accessions, including landraces, wild germplasms and modern
varieties, were evaluated in this study. In terms of geographic representation, both the main
common bean producing areas in China, such as Heilongjiang Province, Shanxi Province, Shaanxi
Province, and the foreign germplasms were included. Of the total 689 accessions, 12 phaseolin
patterns (S, Sb, Sd, B, M13, C, CA, T, PA, To, H, H1) were detected in 676 accessions, but no
phaseolin pattern existence was proved in the remaining 13 accessions. Among those detected
patterns, there were five patterns (S,Sb,Sd,B,M13) belong to the Mesoamerican gene pool, and
seven patterns (C, CA, T, PA, To, H, H1) belong to the Andean gene pool. The most frequent
pattern was T (31.2%), followed by Sb (25.6%). These phaseolin profiles were informative in
determining the dissemination pathways of the common bean from Americas to China, as well as
assessing the genetic diversity of Chinese common bean.
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STUDY OF FLORAL GENETIC DIVERSITY IN THE STATE NATIONAL
NATURAL PARKS OF BAYANAUL AND BURABAY IN KAZAKHSTAN

A. Yessimseitova, Zh. Zhanybekova, A. Kakimzhanova

National Center for Biotechnology, Astana, Kazakhstan
e-mail: asel 1388@bk.ru

Study and preservation by rational use of genetic resources of the wild flora in Kazakhstan is
relevant due to the declining genetic diversity of plants, climate changes and anthropogenic
influences. Molecular genotyping of the flora of the Natural Parks SNPP Bayanaul and Burabai is
important because it allows comparing efficiency of the methods of species determination using the
classic taxonomic approaches and molecular genetic methods based on DNA markers of the nuclear
and chloroplast genomes.

The study was aimed at applying primers to amplify a portion of the nuclear (/7S) genome of
rare plant species when determining a site suitable for the species identification and DNA-
barcoding. DNA markers used for the DNA-barcoding have a relatively small size (up to 800 bp),
with a presence of conservative flanking sequences, and are haracterized by the excess of
interspecific variability over the intraspecific ones.

As a result of the study, when using the /7S primer to amplify a portion of the nuclear DNA,
sizes of the amplified fragments were within acceptable limits (~700 bp). PCR amplification was
carried out for 63 samples from 28 plant species using the /7S marker (annealing temperature
55°C). Separation of the amplification products was carried out in a 1.5% agarose gel and as a result
electrophoretic profiles were obtained for each sample.

PCR amplification products of the /TS marker were subsequently used to sequester 63
populations of endemic, rare and economically valuable plant species. As a result of sequencing, the
nucleotide sequences of the analyzed samples were collected and edited using the SeqMan program.
Automatic alignment, counting the number of replacements per site, and building of a phylogenetic
tree using the maximum likelihood method were carried out by using the software MEGAS and
Neighbor-joining method with a bootstrap function with 1000 replicates. Genetic distances between
populations are calculated using the Maximum Composite Likelihood.

When using the marker of the nuclear genome (/7S), a phylogenetic tree was constructed for
63 samples representing 30 populations from 28 endemic, rare and economically valuable plant
species in the Bayanaul and Burabai Natural Parks. The phylogenetic tree constructed on the /7S
data reflects evolutionary relationships between populations within species, as well as for the
species within families and between plant families. In the phylogenetic tree, 10 clusters are evident
which also demonstrate families-dependent difefrences.

Level of the genetic diversity for 63 nucleotide sequences from plant samples from the
Bayanaul and Burabai was determined using the /7S marker. The Tajima index was 0.469317.

Genetic diversity (using the /7S marker) was calculated for plant species belonging to the
Fabaceae family, namely the species Lathyrus pisiformis, Trifolium repens, Medicago falcata,
Oxytropis floribunda, Glycyrrhiza uralensis. The phylogenetic analysis revealed two clusters of
five plant genera.

The research was supported by NT program 0237/PTF-14 granted from the Ministry of
Education and Sciences of the Republic of Kazakhstan for duration 2015-2017.
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TRANSCRIPTOMIC ANALYSIS OF A TRICHOMELESS MUTANT
IN AGRIOPHYLLUM SQUARROSUM

J.W. Zhang 1’2, G.X. Chen "’

"Northwest Institute of Eco-Environment and Resources, Chinese Academy of Sciences, Lanzhou,

China
*University of Chinese Academy of Sciences, Beijing, China
*e-mail: guoxiong@]lzb.ac.cn

Agriophyllum squarrosum (sand rice) is a highly nutritious grain identified as an important
potential crop. In order to get excellent agronomic characteristics, such as trichomeless, mutations
were induced by EMS with the sand rice seeds. A trichomeless (tri) mutant (##i/) was identified in
M2 and confirmed in M3 and M4.A comparative transcriptomic analysis of #i/ and its wild type
was conducted. There were 78117 unigenes assembled and 284 unigenes significantly
differentially expressed. About 22923 putative SNPs were detected within 7955 unigenes and
stringent post-processing reduced this number to 1283 putative SNPs within 859 unigenes.
Meanwhile, we identified 158 orthologous genes related to trichome initiation and development in
sand rice by the comparison with Arabidopsis thaliana using OrthoMCL. Among them, 18 genes
contained the putative SNP. Combining the two approaches, 28 candidate genes were identified
according to the gene annotationand the protein alteration.
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DIVERSITY AND EVOLUTION OF DISEASE RESISTANCE GENES
DERIVED FROM WILD EMMER WHEAT
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Hanan Sela"’, Lihua Feng', Assaf Distelfeld’, Tamar Kis—papol,
Tamar Krugman', Jorge Dubcovsky’, Boulos Chalhoub’,
Alan H. Schulmanz, Abraham B. Korol’

! Institute of Evolution, University of Haifa, Mt. Carmel, Haifa, Israel
2 LUKE Natural Resources Institute and University of Helsinki, Helsinki, Finland
3 Institute for Cereal Crops Improvement, Tel Aviv University, Ramat Aviv, Israel
4 University of California, Davis, California, USA
> University of Evry Val d’Essonne, Evry, France

Wild emmer wheat, Triticum dicoccoides, the tetraploid progenitor of domesticated wheat,
distributed along a wide range of eco-geographical conditions in the Fertile Crescent, has
valuable “left behind” adaptive diversity to multiple diseases and environmental stresses.
Segregating mapping populations, developed by crossing of selected 7. dicoccoides genotypes
with 7. durum cultivars, revealed numerous loci associated with disease resistance, drought
tolerance, high grain protein content, and yield. Furthermore, wild emmer is a promising source
of resistance to stripe rust. For example, Y775 is a dominant gene that confers high resistance to
stripe rust, while Y736 confers slow rusting quantitative resistance. Comparative genomics
approaches were used to develop high resolution physical maps for Yr/5, and for cloning of
Yr36. Yr36 has a unique architecture with a kinase and a START lipid-binding domains,
designated WKS hereafter. The distribution and sequence conservation of WKS R-geneswere
compared with those of NBS-LRR R-genes (e.g. Lr/0 and Pm3) among wild emmer natural
populations. The sequence diversity of WKSI was much lower than that of L»/0 and Pm3,
indicating that these R-genes, representing different resistance mechanisms, are shaped by
different evolutionary processes. Further work is underway to clone Yr/5 located on
chromosome arm 1BS, using the complete 1BS physical map, constructed by our group, as well
as the recently assembled wild emmer reference genome. These studies demonstrate the
potential of wild emmer wheat gene pool for improvement of durum and bread wheats by

exploitation of genes that were lost during domestication.
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GLOBAL JOURNEYS OF ADAPTIVE WHEAT GENES

Simon Griffiths
John Innes Centre, Norwich, UK

The domestication of wheat, it’s spread with agriculture, and increasingly systematic breeding
approaches have led to fascinating variation in the developmental profile of cultivars adapted to
environments that are very different to those encountered in the centre of wheat domestication.
From the rapid flowering and maturing spring wheat varieties of Kazakhstan to UK winter
wheat varieties which spread their development across a season of almost twelve months. In
this presentation the origin of known heading date genes controlling this range will be described
in relation to the current distribution of alleles in elite varieties. This will include allelic variants
of Ppd-1, Ppd-2, Vrn-1, Vrn-3, and EPS-1. The potential for more efficient deployment of these
alleles in breeding and the potential for the use of less well described genes and alleles will be

discussed.
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GENOMICS-BASED BREEDING USING GENETIC VARIATION OF ROOT
SYSTEM ARCHITECTURE IMPROVES CROP PRODUCTIVITY UNDER
ABIOTIC STRESS CONDITIONS

Yusaku Uga "*
! Breeding Material Development Unit, Division of Basic Research, Institute of Crop Science,
National Agriculture and Food Research Organization (NARO), Tsukuba, Ibaraki, Japan,
E-mail: yuga@affrc.go.jp

? Department of International Agricultural Development, Graduate School of Agricultre, Tokyo
University of Agriculture, Tokyo, Japan

Crop production is greatly affected by environmental stresses such as drought, high salinity, and
submergence as well as by nutrient deficiency. The global climate change that has occurred in
recent years has exacerbated the effects of these stresses on plant growth. The root is an essential
organ for absorbing water and nutrients from the ground. Especially, adequate root system
architecture is important for plant growth under soil conditions where water and nutrients are
deficient. Therefore, genetic improvement of the root system architecture has been recognized as an
important approach to provide stabilization of crop production. In cultivated rice (Oryza sativa L.),
the wide extent of natural variation of root system architecture has been revealed in previous
studies. For example, upland rice typically shows thicker and deeper rooting than lowland rice. This
diverse natural variation in rice could be a useful resource for improving on inadequate root system
architecture to adapt to severe environmental conditions.

The root growth angle, which determines the direction of root elongation in the soil, affects the
area in which roots capture water and nutrients. Our group have isolated DROI, quantitative trait
locus (QTL) controlling root growth angle, on chromosome 9 in rice. We also have developed a
near-isogenic line (NIL) that carries a functional allele of DROI derived from the deep-rooting
cultivar ‘Kinandang Patong’ in the genetic background of the shallow-rooting parent variety ‘IR64’,
which has a non-functional allele of DROI. Using this NIL, we demonstrated that introducing of
gene for root growth angle enhanced rice yield under conditions of water and nitrogen deficiencies.
Recently, our group isolated another QTL for root growth angle, gSOR1, in rice. We developed four
NILs having functional or non-functional DROI and ¢gSORI. These lines showed several types of
root growth angle, ranging from super shallow to deep roots, suggesting that we could make wide
variation of root system architecture by using two allelic variations in only two QTLs. We also
identified several QTLs for root length because root length also determines the area in which roots
take up water and nutrients. These QTLs would be useful genetic resources for improving rice
production under abiotic stresses.
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MOLECULAR MARKERS AND HAPLOID BIOTECHNOLOGY IN RAPID
SELECTION OF TRITICUM AESTIVUM L. FOR RESISTANCE TO RUST
DISEASES IN THE CONDITIONS OF SOUTHERN KAZAKHSTAN

B.B. Anapiyayey I, K.M. Iskakova 1, E.B. Beisenbek I, A.T. Sarbayev 2,
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The problem of cultural plants resistance to adverse environmental factors, along side with Earth
population growth, is recognized as a global problem. Scientists have faced the important problem
of new cultivars accelerated breeding of the basic food cultures which are steady to abiotic and
biotic environmental factors.

Modern developments of androgenesis which is one of the haploid biotechnology directions and
the basis of it is the method of isolated anthers and microspores culture, allow to create the constant
homozygous double haploid lines from plant hybrid populations during 1-2 years while a traditional
breeding method of stable lines reception demands about 8-10 years.

In our research was monitoring of wheat genotypes on rust diseases resistance was carried out in
Southern Kazakhstan conditions in natural and infectious nursery. Races Puccinia graminis,
Puccinia striiformis, Puccinia recondita were used as an infecting agent. Intensity of rust defeat
was taken into account on Peterson et al scale visually on all plants of the plot. The following
genotypes have shown a high stability to rust diseases: Triticum kihara, Triticum diccocum,
Triticum thimofeevi, Almaly, Naz, Taza and others. The selected steady genotypes have been used
for crossing and breeding of perspective inter-cultivar and inter-species remote hybrids. More than
120 hybrid combinations were created. Received hybrids were genetically stabilized by using
haploid biotechnology methods on the basis of isolated anthers and microspores culture in vitro.
The structures of nutrient mediums on Blaydes and Ne6 basis were modified through activated coal
and amylodextrine addition. In the following experiments series rust-disease resistance and rust-
disease susceptible parental forms, wheat hybrid forms and new doubled haploid lines were
analyzed at DNA level using molecular markers method. As a result of the SSR-analysis and
isogenic lines on the Thatcher basis it was established that rust-disease resistance genotypes and
lines have Lr 24 gene. In a final stage new perspective dohaploid lines were tested on stability to
rust diseases in natural and artificial conditions in two areas of Southern Kazakhstan (Almaty and
Zhambyl). Among investigated doubled haploid lines the numbers DHL 1257, DHL 1250, DHL
1245 and DHL 1227 were allocated. They appeared rust-diseases resistance and are characterized
with high productivity and grain quality.

On the basis of the carried out researches and use of haploid biotechnology for the first time in
Kazakhstan a new high productive cultivar of common wheat "Nureke" which is zoned in Almaty
and Zhambyl areas of Southern Kazakhstan. Also was created the model systems for the culture of
isolated microspores in vitro and research the processes of plant regeneration for cereal crops.
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DETERMINATION OF ASCORBATE PEROXIDASE GENE EXPRESSION
IN THE LENTIL (LENS CULINARIS MEDIK) UNDER DROUGHT STRESS
CONDITIONS

Meltem OZDERE, Melike BAKIR

Department of Agricultural Biotechnology, Seyrani Faculty of Agriculture, Erciyes University,
Kayseri, Turkey

Ascorbate Peroxidase (APX) is a very important enzyme responsible for the detoxification of ROS
family member H,O, causing cellular damage. In this study, changes in the expression of APXI
gene were investigated in the leaves and roots of drought-resistant lentils (Lens culinaris M cv
Firat-87) and drought-sensitive lentils (Lens culinaris M cv Ozbek). For this purpose, lentils grown
for 7 days were exposed to drought stress for 6, 13, 20 days without being irrigated. The effect of
the stress was determined by measuring the relative water content (RWC). The relationship between
drought stress and APXI gene expression was determined by quantitative real time PCR (Real Time
qPCR). The increase in the APXI gene expression in the leaves was highest in the Firat-87 variety
on the 6™ day (2 fold higher compared to the control plants), whereas a statistically significant
increase was observed only on the 20" day of the Ozbek variety known to be sensitive to drought.
And this increase was relatively low compared to the Firat-87 variety. Similar to the leaves, in the
roots of the Firat-87 variety, APXI gene expression reached the highest levels on 6™ day, but no
increase was observed on the 13" and 20™ days. In the Ozbek variety, unlike to its leaves, APXI
gene expression reached the highest levels on the 6™ and 13" days, and similar to the Firat-87
variety there was no increase on the 20™ day. In conclusion, in the present study, time-dependent
relationship between drought stress and APXI gene expression was investigated in different
varieties and tissues. The results of the present studies demonstrate that APXI gene expression is
highly variable due to drought-induced stress in the leaves and roots.

This study was supported by Erciyes University Scientific Research Unit (Project No:
FLY 2016 6684).
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PROCESSES IN POPULATIONS OF Triticum aestivum L. UNDER THE
INFLUENCE OF STRESS FACTORS

N.A. Bome *1, A.Ya. Bome 1, L.1. Weisfeld 2, N.N. Kolokolova 1, A.A. Petrova I,
A.A. Belozerova’
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The projected climate changes could cause to an increase of extreme environmental
conditions. The projected climate changes lead to an increase of extreme environmental conditions.
An understanding of how genotypes of crops are respond to the adverse factors is crucial in the
strategy for sustainable crop production. We conducted a series of laboratory experiments in which
plants of spring wheat were subjected to chloride salinity, lack of moisture and low temperatures.
Study of the molecular mechanisms of plant response to stress factors is usually preceded by a study
of quantitative traits at the phenotypic level. Variability signs of seedlings can be used as a marker
for selection in populations forms adapted to unfavorable factors. At high levels of individual
simulated stress in most cases, there is a shift in the ratio of raw mass of roots and shoots. At the
same time the varieties with a well-developed root system often were showing a higher tolerance to
drought, salinity, and to cold. Calculation of the indexes of length of roots and shoots gives an
indication of the dynamics of the adaptation processes to stress in early ontogenesis. The results
obtained in the laboratory, in some cases, correlate with the results of field trials. However, to
extrapolate them into agricultural practices necessary cautiously, supporting by field research.
Expanded environmental test of varieties and hybrids of spring wheat in the soil and climatic
conditions of the south of the Tyumen region (Russia), Baden-Wiirttemberg and Lower Saxony
(Germany), allowed to reveal individual and population sings which can be used as indicators the
adaptation properties. In the creation and evaluation of new forms of plants resistant to
hydrothermal stresses, seed germination and biological resistance of plants during all vegetation
period serve as informative indicators a number of interrelated processes of ontogenesis reflecting
changes in environmental conditions. As criteria of the ability of plants to withstand dehydration
during arid periods serve the water-holding capacity of leaves, their length, width and area. The
phenotypical variability of plant height, number and weight of grains per ear were determined by
the terms of ecological and geographical points. Hybrid forms having the stable expression of the
studied traits were identified. That allows recommending them as a valuable raw material for
breeding. The deciduous diseases of plants (the pathogenic microorganisms: Erysiphe graminis DC,
Puccinia recondita Rob. ex. Desm f. sp. tritici Eriks (=P. triticina Eriks.), Alternaria spp. n
Helminthosporium spp.) contribute significant limitations in the production of wheat grains. Our
studies have shown that the tolerance of plants to disease (for example, to powdery mildew)
depends on the concentration of the pigments (Chl a, Chl b, and carotenoids) in cells of flag leaf.
Rapid determination of the content of chlorophyll in the field using a Spad-502 Plus N-tester allows
evaluating the dynamics of the spread of the disease from the onset of symptoms. Regulation of
abiotic and biotic stress responses of plants, according to our data, it is possible with the help of
genetic active, but free from mutational properties of para-amino benzoic acid (PABA). The genetic
diversity of spring and winter wheat is achieved by a combination of the two methods — chemical
mutagenesis and artificial hybridisation. The starting material we used samples of VIR world
collection, which has large reserves of genotypic variability. We have determined the optimal dose
of the mutagen for mutation breeding plants. In general, the offered methods may be useful for the
receiving of stress-resistant varieties.
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DROUGHT AS A MODULATOR OF GENE EXPRESSION FOR CMS AND
APOMIXIS IN SORGHUM
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Drought is one of the most powerful factors causing significant changes in plant epigenotype.
Over the years we studied the impact of drought conditions on the expression of cytoplasmic male
sterility (CMS) and apomixis in sorghum. We found that in some types of CMS-inducing
cytoplasms, the common feature of which is a distortion of anther dehiscence (9E, A3, M35-1A),
expression of fertility-restoring genes in genome of F1 hybrids is governed by the conditions of
plant water availability, in particular, by air humidity. Male fertility "induced" by a high level of
water availability stably inherited and manifested in self-pollination progeny of fertile hybrids,
grown in drought conditions. The restoration of male fertility under the influence of the
environment is not due to changes in the structure of genes involved in the control of CMS, but with
a change of regulation in the genome of the hybrid plants under the influence of water availability.
MSAP-analysis of genome of sterile F1 hybrids in the 9E cytoplasm and the fertile revertants
derived from them showed that the reversion to fertility is accompanied by changes in the
methylation of the gene of transcription regulator Myb46. These data suggested epigenetic
mechanism regulating restoration of male fertility in this cytoplasmic system. This mechanism
involved repression of nuclear fertility-restoring genes under drought stress by methylation of their
nucleotide sequences and removing repression in high water availability. In the A3 cytoplasm, a
strong correlation between restoration of male fertility and air vapor pressure deficit (VPD) at
flowering (r = —0.96; P<0.01) was found suggesting VPD is a trigger for down-regulation of Rf-
genes.

In sorghum lines (AS-1a, Atc), which are characterized by elements of apomixis — aposporous
embryo-sacs, parthenogenetic pro-embryos, and maternal-type plants, — apomictic potentials
distinctly manifested in the seasons with high daily temperatures and severe drought in the period of
ovule and megagametophyte development, and almost disappear under high moisture and moderate
temperature. Apparently, drought conditions regulate the expression of apomictic potentials in these
lines by epigenetic changes in the genetic systems controlling megagametophyte development.

This work was partially supported by the Russian Foundation for Basic Research, grant 16-
04-01131.
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Kazakhstan is one of the great wheat producers in Central Asia. Yield losses from rusts
reached 30-50% in epidemic years. Resistance leaf rust Puccinia triticina Eriks. and yellow rust
Puccinia striiformis f.sp. tritici are the most important objectives in Kazakhstan and are the major
factor that adversely affects wheat yield and quality and causes considerable economic damage. To
effectively use stripe (Y7) and leaf rust resistance genes (Lr), it is important for breeders to know the
resistance genotype in current cultivars. In this study, 30 winter wheat cultivars grown and/or
produced in Kazakhstan were investigated using molecular markers to determine the presence and
absence of important Lr genes (Lr1, Lr9, Lr10, Lr19, Lr28, Lr29, Lr68), and some linked Yr genes
(Lr26/85r31/Yr9/Pm8, Lr37/Yr17/Sr31). Molecular screening of these genotypes showed contrasting
differences in the frequencies of these genes. Among the 30 entries, 17 carried leaf rust resistance
gene Lrl, six had Lr26 and Lr34, and Lrl10 and Lr37 were found in three cultivars. Two single
cultivars separately carried Lr/9 and Lr68, while Lr9 was not detected in any genotypes in this
study Field evaluation demonstrated that two of the most frequent two genes (Lr/ and Lr26) to be
ineffective. While Lr34 provided some protection, the remaining effective Lr genes were found
only in few genotypes: Lr37 occurred in Kazakh genotypes L-1090 and Krasnovodapadskaya 210
and in the US cultivar Madsen; Lr/9 and Lr68 were likely present only in Russian and Kazakh
cultivars, Pallada and Yegemen, respectively. The highest resistance over three years of leaf rust
testing was found in Kazakh cultivars, Karasay, Krasnovodapadskaya 210, L-1090, Arap and
Yegmen, foreign cultivars Madsen, Pallada and the control Parula (Lr68). 20 near-isogenic
Thatcher lines, each possessing a single Lr gene was used for virulence analysis of P. triticina
populations in Kazakhstan in 2016. The high efficiency of gene Lr/9 and Lr24 were revealed
Virulence to gene Lr9 was absent or occured rare in fungus populations from South Kazakhstan, but
was observed in North Kazakhstan (mainly from wheat cultivars with Lr9 gene). Variability in
virulence frequencies were observed in Thatcher isogenic lines with genes Lr2a, Lril, Lrl5, Lri6,
Lr20 and Lr26. Virulence to Lrl, Lr 2b, Lr2c, Lr3a, Lr3bg, Lr3ka, Lri4a, Lri4b, Lr17, Lri8 and
Lr30 was high both in South Kazakhstan and North Kazakhstan P. triticina populations. Data may
assist breeders to incorporate effective Lr and Yr genes into new cultivars.

This work was financially supported by the Ministry of Education and Science Republic of
Kazakhstan, research project grant funding Ne2120 and by the Ministry of Agriculture RK, research
grant NeO0721.
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MARKER ASSISTED SELECTION (MAS) OF RICE ON RESISTANCE
TO DISEASES, FLOODING AND SALINITY

P.I. Kostylev, E.V. Krasnova, A.A. Redkin, Yu.P. Kalievskaya
ARRI of Grain crops named after I.G. Kalinenko, Zernograd

The increase of rice productivity has always been the main purpose of all breeding programs.
The potential productivity of new varieties reached its maximum of 10-12 t/ha, but the practical
productivity is significantly lower because of different biotic and abiotic stress-factors, which
become the main obstacles for productivity improvement. The principle stress-factors for rice are
salinity, flooding, cold weather, drought, diseases, pests and weeds. Thus the transfer of genes of
resistance into the genotypes of the main rice varieties is of primary importance. The use of
biotechnologies contributes a lot into the identification of the genes and their introduction into new
varieties.

The purpose of the research was to develop the initial material of rice for breeding of highly
productive varieties with resistance to salinity, long-term water flooding and rice blast, using DNA-
markers and PCR-analysis.

The initial material and methodology. The samples ‘AGI’ (Vietnam) have been taken as the
sources of resistance to salinity and flooding, and the lines ‘C101-A-51°, ‘C101-Lac’, ‘IR-58” and
‘Moroberakan’ as the sources of resistance to rice blast. The early maturing varieties ‘Novator’,
‘Boyarin’ and ‘Virazh’ have become the recipients. The identification of the genes has been carried
out by the method of molecular marking based on PCR with the use of special primers.

The results of the researches. The development of varieties, resistant to blast and their quick
introduction into production is the most promising decision in the fight against the disease. The
combination of some efficient genes of resistance on genetic basis of basic varieties is a productive
strategy of breeding on resistance to highly variable fungal pathogens. Due to the use of DNA-
marking selection we have introduced 5 genes of resistance to rice blast into the domestic rice
varieties adapted to agro climatic conditions of rice-growing in the south of Russia. The conducted
hybridization allowed obtaining the rice lines on the basis of the varieties ‘Boyarin’ and ‘Virazh’ with
the pyramiding genes of resistance to rice blast Pi-1, Pi-2, Pi-33, Pi-ta, Pi-b in the homozygous state.
There have been obtained the hybrids of the variety ‘Novator’ with the Oriental rice varieties,
possessing the gene ‘Saltol’. The analysis of DNA of the 83 best crops F, showed that the segregation
along the gene ‘Saltol” was NSIC Rc 106 x Novator — 15ss: 13Ss: 2SS; IR 52713 x Novator 9ss:
18Ss: 2SS; IR 74099 x Novator 14ss: 8Ss: 2SS. There was a dominance of the plants with the
recessive alleles of genes and heterozygotes, but the number of salt resistant dominant homozygotes
was less than expected. It was due to a correlation of the genes ‘Saltol’ with the unfavourable for the
plants genes of photosensitivity, later maturity, seeds fall and beardedness, and because the sample
was not representative because of the artificial selection. There have been identified the best forms.
The samples obtained from the hybridization of the variety ‘Novator’ and the donors of the gene Sub
1 in F; resistant to flooding possessed a great range of segregation in such traits as vegetation period,
plant height, length and form of a panicle, number of spikelets and beardedness. During the analysis
of the hybrids ‘BR-11xNovator’ the gene Sub 1A (in homozygous and heterozygous state) was
available in nine hybrids, i.e. in the ratio 9:11, though it had to be 15:5 in a monohybrid segregation.
In the hybrid combination ‘CR-1009xNovator’ the segregation F, was in the ratio 18:2, i.e. almost all
selected plants had the gene Subl. The segregation of the hybrids ‘Inbara-3xNovator’ and ‘TDK-
1xNovator’ was in the ratio 14:6 or about 3:1, i.e. close to the mendelian. The deviation in the
segregation of two combinations can be explained by the effect of the selection and correlation of the
genes. The samples with the necessary genes have been reproduced in FSEF ‘Proletarskoe’ of the
Rostov region, where there have been selected the best plants F3-F.
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With the development of civilization and technology, our living space is filled with a variety
of electromagnetic fields, the sources of which are computers, cell phones, various radiological
diagnostic and physiotherapy equipment in medicine, cellular antenna amplifier, etc. The problem
of electromagnetic safety becomes extremely relevant, since the most medical devices and technical
devices radiate mm-wave in the range of 1-300 GHz. The plant’s ability to respond to stresses
largely depends on its capacity to modulate the transcriptome rapidly and specifically. Epigenetic
mechanisms, including DNA methylation, chromatin dynamics and small RNAs, play an essential
role in the regulation of stress-responsive gene expression. Stress induced both long —term and
short-term effects on epigenetic mechanisms in plant germ cell development. Short — term
responses to abiotic stresses include DNA-methylation alterations (Chen et al., 2016), miRNA
disregulation (Babenko et al., 2012), heterochromatin de-condensation (Minasbekyan et al.2007)
and transposon activation (Pecinka et al., 2010). Stress-related covalent modifications of DNA and
histones can be passed on during mitosis and meiosis to the next generation and provide a memory
that enables the plant and even its offspring to adopt better to a subsequent stress.

In our study of plant adaptation to abiotic stress, such as emission extremely high frequent
of electromagnetic irradiation (EHF EMI) by different type of electromagnetic equipment and
power station of cellular phone communication, have been investigated. Influence of EHF EMI in
the mm-range (45-53 GHz) on nuclear envelope PL content and DNA methylation of wheat
seedlings on 3 and 4 day after irradiation have been studied.

Under impact of EHF EMI we observed falling of nuclear membrane charge, due to
decreasing of anionic PL in content of nuclear envelope and simultaneous increasing of this ones in
nuclear soluble fraction, which can change direction of facilitate transport through nuclear envelope
according to proposed by us physical model (Minasbekyan et al., 2007). Obtained data was compare
with our early investigation PL content of nuclear envelope during germination, which leads to the
increasing of anionic PL in content of nuclear membrane, and appropriate decreasing this one in
nuclear soluble fraction. From the obtained data it can be concluded that decrease in the content of
the anionic PL in the nuclear membrane under abiotic stress is a protective reaction of cells in
response to mm-wave, which commonly means to enhance transport activity, as the reduction of the
anionic PL in content of the nuclear envelope restrains increase transport activity through the
nuclear envelope, playing the role of a kind of natural buffer.

Rearrangements in nuclear envelope reflected on the genome state. Although the genome
often depicted as a static structure upon which protein-aqueous factors bind to control turn
expression, the genome is actually highly mobile and capable of exploring the complex domain
architecture of the nucleus, which in turn controls genome maintenance and gene expression. As
direct stress response we investigated treated by mm-waves wheat seedlings of first generations on
PL content of NE and Soluble nuclear fraction, as well on DNA methylation. For revealing long-
term stress recponce we study alterations in DNA methylation of treated by EHF EMI seeds in next
generation. As obtained by us part of methylated DNA sites preserved in the next generation. It is
assumed, that symmetrical methylation pattern are stably inherited through mitotic and to some
extent also through meiotic divisions, and it might facilitate the inheritance of a stress memory. So
alteration in many direction of nuclear envelope and adjacent to it peripheral chromatin may alter
and as we show in this study chromatin conformation may changes through DNA methylation of
transposable elements of genome under EHF EMI influence.
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It was shown for the first time that high-temperature exposure of potato plants cultivated in vitro
(39°C for 2 h) provokes maximum synthesis of heat shock proteins (HSP). The changes in HSP gene
expressions in tissues of potato plants in vitro of two varieties (Lugovskoy and Lukyanovsky) under
heat treatment (39°C for 2 h) and infection of Clavibacter michiganensis ssp. sepedonicus (Cms) with
different sequences of treatments were investigated. Cms are phytopathogenic bacteria that cause the
ring rot disease of potato. The changes were assessed at transcript and protein content levels. In check
(control) experiments the plants of the two varieties showed no synthesis of proteins HSP10! and
HSP17.6 at transcript and protein content levels. HSP synthesis in the infected plants had no varietal
specificity. The heat treatment (39°C) induced HSP synthesis in tissues of potato plants of both
varieties. The infection without addition of the heat treatment slightly induced HSP synthesis in potato
plants of Lukyanovsky variety, while the presence of HSP was not observed in potato plants of
Lugovskoy variety. This can be explained by the different dynamics of HSP level changes in plants of
the two varieties. The infection slightly suppressed the activation of HSP expression under heat
treatment.

The results obtained indicate that biotic stress is able to modulate plant protective response to
thermal effects. It is consistent with the data concerning the change of expression level of genes
encoding pathogenesis-related (PR) proteins that protect cell from the consequences of biotic stress. PR
proteins are the extracellular proteins synthesized in plant cells under attack from pathogens, and their
role in pathogenesis is significant and diverse. Some PR proteins provide the cell protection mechanism
associated with increased formation of ROS in plant cell. In addition many of PR proteins have also
fungicidal and bactericidal activity in vivo.

According to the results concerning the gene expressions of PR2 (1,3-B-glucosidase) and PR4
(hevein-like protein) in tissues of susceptible potato variety Lukyanovsky, it can be concluded that the
expressions of these genes are increased in the pathogenesis of Cms, and the expression level of PR2
gene under biotic stress is higher than that of PR4. Two- to threefold increases in the transcripts of these
genes are considered as significant. Literature data indicate that the infection of Clavibacter
michiganensis ssp. michiganensis (tomato pathogen) in tomato plants increases the content of such
proteins as 1,3-B-glucosidase (PR2), endochitinase (PR3), hevein-like protein (PR4) and
thaumatin/osmotin (PRJ5). The decreases in the transcript levels of both PR2 and PR4 genes under heat
treatment were not observed. PR4 gene transcript level increased significantly in plants under the
combined impact of the stressors in comparison with that under only heat treatment, and PR2 gene
expression was unchanged.

Thus, this paper shows for the first time that infection of Cms activates the expression of PR2 and
PR4 genes in potato. Heat shock does not suppress the expression of these genes in the infected plants,
and on the contrary the expression of PR4 gene increases.

The changes in the transcript levels of HSP genes may relate to those of PR-protein genes. So, an
increase in PR gene expressions under biotic stress is observed, at the same time the HSP gene
expressions are negligible. There is an increase of HSP and PR gene expressions under heat treatment,
which can be explained by an increase in the synthesis of protective proteins as a non-specific defense
response of plant to stress factors. Under the combined impact of the stressors the transcript levels of the
majority of HSP genes investigated are lower than under only heat treatment, at the same time the
transcript levels of PR genes increase.

The work was executed at financial support of Russian Foundation for basic research (RFBR), the
Grant No. mol_a 16-34-00806.
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Molecular markers of genes that expose a significant pleiotropic effect are of a great
importance for breeding programs. In the classic cases the genes are involved in a gibberellic acid
(GA) metabolism influencing plant height, lodging resistance, and, consequently, harvest index. In
barley, more than 30 types of dwarfs or semi-dwarfs have been described; among them the sdwl.d
mutant (cv. Diamant) is documented in the pedigree of the famous European malting barley
Triumph, which is known as the parental line for many malting barley varieties.

Searching for genetic factors affecting flowering time in barley we performed a large scale
field evaluation of series of barley mapping populations in two very diverse environments separated
from one another by 15° of latitude with changing day length. We were looking for steady QTLs,
influencing heading date in barley independently on environment cue. The robust significant QTL
was detected on 3H chromosome affecting heading date and plant height in DH lines from
Morex/Barke and Morex/Triumph crosses. The position of the QTL peak on the Morex/Barke
genetic map was proved to coincide with HvGA200x2, the recently discovered candidate gene for
the sdwl/denso locus in barley. Barke pedigree list can be traced back to Diamant via Triumph,
which is known as a donor of sdwl/denso semi-dwarf allele. Combining the recently published
findings in molecular characterization of barley HvGA200x2 gene with our QTL mapping results
we were focusing on the most likely functional polymorphism of the sdwl.d (denso) allele
presented in cv. Barke and its ancestor cv. Triumph.
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In complex studying of structure-functional characterization of the family of hairpin-like defense
peptides (alpha-hairpinins) from barnyard grass (E. crusgalli) seeds an organization of DNA sequence
that coding one of the novel previously isolated homologous members of the ECAMP peptides, has been
determined. This polypeptide, named EcAMP6, consisted of a typical for all known alpha-hairpinins
cysteine motif Xn-Cysl-X3-Cys2-Xn-Cys3-X3-Cys4-Xn (when X-any amino acid residue, n-any
numbers of amino acid residues). It is suggested that it contains the same spatial conformation like other
plant alpha-hairpinins — two alpha-helical regions (parallel of non-parallel) linked by a loop as beta-
hairpin with non-structural N- and C-termini. It has been shown that ECAMP6 is characterized by a low
primary structure homology with some previously described alpha-hairpins from E. crusgalli (ECAMP1-
EcAMPS) (about 30-35% of identical amino acid residues or conserved substitutions); it is cationic
peptide that possesses basic properties. A spectrum of biological activity of EcAMP6 involves
antifungal and antibacterial; also this molecule is capable of noncompetitive inhibition activity of some
serine proteases. Previously we estimated a full-length gene structure that coding a precursor consisted
of all five ECAMP peptides that are exposed serially like tandem repeats according to their cysteine
motifs, through linkers which are preliminary required for post-translational processing of the precursor
followed by releasing of the mature hairpin-like peptides (Ryazantsev et al., 2014). Results obtained in
the current stage of investigations completely confirmed a hypothesis about modular localization of
plant alpha-hairpinins in kernels of cultivated wheat (7riticum kiharae Dorof. et Mugish.) (Utkina et al.,
2013). A multiple amino acid sequence alignment ECAMP6 in comparison with translated gene
structure, in which ECAMPs are localized, has not resulted any positive information, thus, probably,
could be supposed that it belongs to the another group of polypeptides are situated in some divergent
gene and, consequently, is processed as a result of post-translational modification of another protein
precursor. Amplification of DNA fragment encoding ECAMPG6 peptide, based on some specific primers
are designed on GeneBank EST data from closely-related cereals (rice, millet, corn) could allow to
receive one of dominant PCR fragment that is corresponded to the defined translated amino acid
sequence, thus in the following, provided to determine the complete gene structure and protein
precursor. This protein is represented a fragment of storage protein from cereal kernels (7S globulin-1)
and, that is why, in the first time we demonstrated a homology of plant alpha-hairpins from cereals to
seed storage proteins that previously was determined exclusively for peptides isolated from
dicotyledonous plants (Marcus et al., 1999; Slavokhotova et al., 2014). Moreover, the additional novelty
is consisted of an exception in the precursor discovered modular repeats that are typical for ECAMP1-5
group and other dicotyledonous plants. This fact is able to suppose some divergence in gene evolution
coding hairpin-like peptides, at least for two basic directions.

This study was supported by Russian Science Foundation (project Ne 14-50-00131).
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Powdery mildew is a fungal disease caused by sac fungus Erysiph egraminis DC f. sp. Horde
iEm. Marchal (synonym Blumeria graminis DC Speer f. sp. hordei em. Marchal) which belong to
the harmful diseases of barley. Annually pathogen affects crops of winter and spring barley, the
disease meets as on cultural and wild cereals in Kazakhstan. Powdery mildew in generally is
spreaded on the productive crops of winter barley in the Almatinskiy, Zhambylskiy and South-
Kazakhstanskiy regions. The most practical and economic approach in struggle with to barley
powdery mildew is identification and use of resistance varieties to disease.

In 2015-2016 the commercial, collection varieties and perspective lines barley which are
developed at the different selection RU of Kazakhstan are studiedon the artificial infectious
background of powdery mildew. In total 120 barley varieties and lines were tested. In the field and
laboratory conditions 116 examples of spring barley from the international nurseries created at the
International Center for Agricultural Research in the Dry Areas (ICARDA): International Barley
Yield Trial (IBYT), International Barley Observation Nursery (IBON), Early Maturity Barley
Screening nursery (EMBSN), Hulless Barley Screening Nursery (HBSN) were also studied.

As a result, in Kazakhstan many cultivated commercial spring barley varieties are strongly
affected by powdery mildew. At the same time, local die-off of the affected tissue areas ("resistance
necrosis') was formedon the flag leaves of susceptible barley varieties. The reason of thisnecrosis —
so-called reaction of epidermis hypersensitivity, i.e. the affected cells quickly died off, and "the ring
of dead tissue" was formed around the place of introduction of inoculum. The separate varieties,
samples and barley lines have field and partial resistance. During the researches the resistance
samples comparatively more are noted in nurseries of IBON (11 example) and HBSN (14 example).

Providing of molecular screening of barley examples for detection of carriers of resistance
genes to powdery mildew wasthe next stage of our work. 16 barley examples of the Kazakhstan
selection and 26 lines of the foreign selection which are selected as productive and sources of
resistance to disease in the conditions of Kazakhstan were served as object of research. Presence of
the following Mlg, Mlo-5 and Mlo-9 resistance genes to powdery mildew was defined in their
genome with use specific DNA-markers on the basis of polymerase chain reaction. Molecular
screening showed that 6 barley examples of domestic and foreign selection have Mlg resistance
gene, 5 examples — Mlo-5 and 18 examples — Mlo-9. Marker components of these genes for PCR
were absent at other high resistance barley varieties and lines.

Work is executed with financial support of the Ministry of Education and Science of the
Republic of Kazakhstan within the program of grant financing for 2015-2017 (grant # 1233/GF4).
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APPROACHES AND ACHIEVEMENTS IN MOLECULAR PRE-BREEDING FOR
RUST RESISTANCE IN WEST SIBERIA

E.A. Salina, I1.G. Adonina, A.I. Stasyuk, I.LN. Leonova

Institute of Cytology Genetics, Siberian Branch, Russian Academy of Sciences,
Novosibirsk, Russia,

e-mail: salina@bionet.nsc.ru

Wheat hybrids and varieties carrying translocations from related species or genera are an
important source of rust resistance genes. Here we characterized Russian wheat varieties and hybrid
lines with rust resistance genes and their using for molecular pre-breeding.

It was shown, that 1RS.1BL translocation is most common for Russian varieties resistant to
fungal disease. Some varieties carry other types of introgressions that have not been identified yet,
namely 2DS.2SL, 5BS.5BL-5GL, and 6BS.6BL-6GL translocations, 6D/6Agi substitution from
Agropyron intermedium and introgression of Aegilops tauschii genetic material into 1D and 6D
chromosomes. The chromosome 6D/6Agi of cultivar Tulaikovskaya possesses genes conferring
resistance to leaf, stem, and yellow rusts and powdery mildew, which are not allelic to any known rust
resistance genes. On the basis of EST analysis we selected markers specific for 6Agi chromosome for
their subsequent use in molecular-assisted breeding.

Four lines with durable resistance to leaf rust were selected from 74 hybrid lines. Marker-
assisted backcrossing was used for developing lines carrying a single Ae. speltoides and
T. timopheevii translocations. It was shown that lines carrying the translocations from Ae. speltoides
(21-4 with T5BS.5BL-5SL, 17-7 with T6BS.6BL-6SL) are resistant to leaf rust. The linel1-8 with
7D/78 substitution is completely resistant to leaf rust and powdery mildew. The lines 5366-180 and
3862-5 with T. timopheevii translocations were resistant to leaf rust and stem rust, respectively.
According to molecular analysis line 3862-5 may possess the Sr36 gene. The LrTt2 gene of 5366-
180 may be allelic to LrI8. The rust resistance genes identified in other selected lines (21-4, 17-7,
11-8) haven’t been described earlier.

The variety and lines with alien introgressions and genes of interest were used as donors of
resistance genes in pre-breeding programs of spring and winter wheat.

The work was supported by the Russian Science Foundation (project Ne16-16-00011).
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VARIATION FOR MICRONUTRIENT AND VITAMIN B CONTENTS OF
TURKISH EINKORN AND EMMER WHEAT CANDIDATE LINES

Mehmet Tekin', Mehmet Fatih Cengiz’, Huseyin Canci', Ilknur Coskun', Aytekin
Aksoy’, Taner Akar'

' Akdeniz University, Faculty of Agriculture, Department of Field Crops, Antalya, Turkey
*Akdeniz University, Food Safety and Agricultural Research Centre, Antalya, Turkey
*Tasaco Agriculture and Trade Company, Antalya, Turkey
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Turkey is one of the important gene centres and has great cultivation experience for einkorn
(Triticum monococcum) and emmer wheat (7riticum dicoccon). Nowadays, they are still cultivated
as population on marginal conditions by subsistence farmers of Black Sea Region. Einkorn and
Emmer Wheat arepotential food sources due to their valuable protein, vitamin and mineral contents.
Thus, the target of this study was to evaluate micro nutrient and B vitamin profiles of 36 einkorn
and 49 emmer wheatadvanced lines collected from different provinces of Turkey and selected
during the last five years. For this aim, two field experiments were established under augmented
experimental design including three common durum wheat cultivars during 2015-16 season in
Antalya province of Turkey. All candidate lines and three checks were analyzed for five
micronutrients (Fe, Cu, Zn, Mn and Se) and four Vitamin B (B1, B2, B5, B6) including grain yield
data for each genotype. There was great variation especially forFe and Zn content of einkorn and
emmer wheat lines and mean Fe (41.70 ppm) and Zn (17.06 ppm) content of emmer wheat lines
were higher than that of check durum wheat cultivars. The same amount of variation was also
observed for Vitamin B complex for einkorn and emmer wheat advanced lines but only mean
Vitamin B5 of emmer wheat (3.6 ppm) was higher than that of check cultivars.However, check
durum wheat cultivars surpassed both einkorn and emmer wheat advanced lines in terms of mean
grain yield as was expected. Grain yield changed 1.14 to 3.55 t ha™' for einkorn advanced lines; 2.42
to 4.53 t ha'' for emmer wheat advanced lines and 4.77 to 7.37 t ha™' for durum wheat check
cultivars. The first year of experiment showed that some promising emmer wheat advanced lines
with reasonable grain yield, better micronutrient (Zn and Fe) and vitamin B5 content can be
selected for further studies to improve the first cultivars for organic and low input agriculture in
Turkey.

Acknowledgement: Financial contribution of TUBITAK wunder 2140401 project is kindly
acknowledged.
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GENETIC-STATISTICAL ANALYSIS THE AGRONOMIC TRAITS
OF BARLEY BY TWO-TESTING METHOD

L.Tohetova, A. Demesinova, M. Bekova

Kazakh Research Institute of Rice Growing named after I.Zhahaev, Kyzylorda, Kazakhstan

Two-testing method consists of two parts: 1) test for the presence of epistasis; 2) study on the
additive and dominant components if there is no epistasis. The study was conducted on the three
schemes two-testing topcrosses on next traits: plants height, number of grains per ear, length of the
growing season and the protein content of the grain, which is the determining in barley breeding
under the salinity conditions of the Pri-Aral region. For comparison, we used data from similar
studies conducted in Almaty region. In the first scheme, used by grade- testers (L;; and Lo;):
Odessky 100 and Saule; second - Saule and Donetsky 8; in the third Donetsky 8 and Odessky 100.
Determinations of genetic and statistical parameters were performed.

Regardless from environmental conditions in all three testcrosses of the studied traits appeared
fairly significant epistasis interaction «L;; + Ly; - Pi». The study showed significant influence of
additive and dominant components of genetic variance, but variance values of dominance effects in
the Almaty conditions were higher. In general, the variability of additive component (D) has
unequal numerical expressions and more expressed in the Kazakhstan Aral conditions and for the
manifestation of the dominant effect was more favorable the Almaty region. On the basis of "length
of the growing season," revealed different types of inheritance. More effective in selecting for
earliness under the stress conditions was the third testcross in which an intermediate type of
inheritance combined with a high proportion of additive and non-allelic epistasis effects, indicating
the possibility of selections already in the F, generation.

The main direction of barley breeding under the conditions of Kazakhstan Aral region is the
creation of feed varieties. In this connection, the search for sources and donors with high protein in
grain is an important goal in the selection region. Genetic-statistical analyses have shown that the
genetic system which controls the sign of "protein content" includes additive, dominant and
epistasis gene interactions. For example, highly reliable values of general combining ability grade-
testers Donetsky 8 and Odessky 100 with highly significant of no allelic interactions reflect the
"additive x additive" type of epistasis, which will integrate in the single genotype of dominant genes
additive action and conduct an effective selection in the early generations of hybrids.

The predominance in controlling the traits under stress conditions of Kazakhstan Aral region
the additive gene interactions indicates the possibility of effective selection in the F2 generation,
and favorable conditions of Almaty region due to the high determination of these signs dominant
genes necessary to differentiate the population of hybrids and further selection carried out in several
cycles before attainment of homozygosis loci. Therefore, the genetic contribution of additive and
non-additive gene effects in inheritance and determination of the studied traits essentially depends
from the growing conditions. The greatest practical interest have samples of Bi-17 (Iran), 5-7
(ICARDA) and the varieties Odessky 100, Saule with high effects of general and specific
combining ability, which are widely used in hybridization programs as important donor selection
parameters. Therefore, in the initial stages of the selection process to study the initial material is
advisable to carry out using two-testing method to avoid loss of valuable genotypes during
screening in early generations.
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EVALUATION OF OPPORTUNITY FOR APPLYING THE BIOGENIC METALS
ASPARTATES TO IMPROVE THE PROCESSES OF MUSHROOMS
CULTIVATION
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'Institute of Biochemistry and Physiology of Plants and Microorganisms, RAS, Saratov, Russia
’7ZA0 "BioAmid", Saratov, Russia

Edible mushrooms are ubiquitous fungi existing in almost every ecosystem and playing key role
in the biotransformation, utilization and recycling of organic waste natural materials. Rather low-scale
mushrooms' commercial cultivation in Russia interferes their utility as food and medicinal agents. A
good alternative to mushrooms' fruit bodies production is provided in this respect by the submerged
fermentation. The process implements quite a lot of advantages, e.g. a fast growth and high biomass
productivity, compact and controlled environment and shortened production time.

One of the ways of getting trace elements in their organic form to improve the processes of
mushrooms cultivation is their binding to the essential amino acids. Two of us have invented the method
of providing wide-scale synthesis of the biogenic metals(Il) aspartates M(Asp), [1], where M is, e.g.,
Cu, Mn, Fe, Zn, Co. Systematic studies within the framework of approach related to the biogenic metals
chelates implementation to optimize the mineral nutrition of cultivable mushrooms were not carried out
earlier. High potentialities of application of non-toxic aspartic acids chelates of metals (II) for obtaining
the greater yield of fungal biomass, the more so characterized by the property of better adaptation to
environmental factors, were revealed here for the first time.

Even the initial experiments allowed us to elucidate the promising consequences of implementing
the metals(Il) aspartates in mushroom cultivation to obtain the mycelial biomass with higher efficiency
under the laboratory conditions. Searching for the favourable dosage of microelements as the
supplements led us to the rational concentration values of about 1-10* mol/l as the initial quantity in
nutrient media.

The effect of L-aspartates on the fungal growth and development was dependent upon the
mushroom culture age, as well as the composition of synthetic media. The above effect manifested itself
as, e.g., intensity of fungal biomass accumulation, pigments and primordia formation in submerged
cultures of Ganoderma lucidum, Grifola umbellata, Laetiporus sulphureus, Lentinula edodes, Pleurotus
ostreatus. When the fungal seeding material was grown in the presence of some aspartates, the mycelia
development period before the morphogenesis stage preceding the mushrooms fruiting was appreciably
shorter. Survival rate at such unfavourable environmental factors as hyperthermia (up to 37°C) or the
artificially decreased humidity, solid substrate dryness, etc., was observed to be considerably greater,
especially in the cases of implementing Cu(Asp), or Zn(Asp),.

For instance, the dependence of period before fruiting start for the G. lucidum culture in the
presence of divalent copper cations in the chemical form of aspartate in liquid media when growing the
seeding culture by means of submerged cultivation was explored. The essentially shortened period
preceding the formation of primordia in liquid culture with this aspartate was detected, the same being
observed for the appearance of mycelia yellow pigmentation and primordia of the mushroom on solid
medium provided that this intermediate seeding culture was applied.

In general, the pioneering knowledge on the optimization of mineral nutrition of cultivated
mushrooms with the use of L-aspartates has been contributed from the results obtained within the
present work.

Reference

1. Voronin S.P., Golubov LI, Gumenyuk A.P., Sinolitskii M.K. Bioavailable form of
microelement supplementations to feed mixtures for animals and poultry. Patent no. 2411747 of the
Russian Federation. Published 20.02.2011. Inventions. Useful Models, Bull. no. 5.
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PREDICTION OF FLOWERING TIME AND GWAS OF YIELD
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Wheat is the major crop in Kazakhstan growing over 13 million hectares annually, more than 80%
of sowing area is spring type of wheat. Due to harsh environmental conditions the average spring
wheat yield in Kazakhstan is less than 1.3 t/ha. Main area of spring wheat growth is Northern
Kazakhstan. Climate is continental, summer is dry (~250 mm precipitation) with long day
photoperiod. The material consisted from 61 officially registered and 33 prospective cultivars in
Kazakhstan, 38 cultivars from Europe, 60 CIMCOG lines, Avalon x Cadenza DH mapping
population, 600 lines of wheat collection (Asia, Australia, Canada, Europe, USA and landraces).
Field trials conducted in Northern, Central and Southern Kazakhstan. The collection from
Kazakhstan and Europe was genotyped using KASP markers for flowering time and 90K Illumina
SNP array. APSIM modeling was applied to predict flowering time based on Wheat-M and
Wheat G models to avoid drought and hot stresses during summer time. GWAS was performed
using TASSEL and FARM CPU packages. The genotyping analysis of 134 wheat accessions
allowed to select 3659 polymorphic SNPs for the GWAS (maf — 0.05). The STRUCTURE outputs
suggested that there are five subgroups in studied collections. Identified markers were well spread
on all seven groups of homeological chromosomes o wheat. Nine significant SNPs were identified
at two or more locations. Overall 31 SNPs were identified for different plant growth stages and
yield components. Locations of Vrnl genes on 5" group of chromosome based on analyses of
vernalization sensetive indices are additionally confirming the significance of identified SNPs for
studied traits.

The study was supported by ADAPTAWHEAT project funded by 7" EU FP and grant number
1784/GF funded by the Ministry of Education and Sciences of the Republic of Kazakhstan
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ENERGETIC AND INFORMATION SYSTEMS OF PLANT CELLS
AT TEMPERATURE FLUCTUATIONS

V.K. Voinikov

Siberian Institute of Plant Physiology and Biochemistry, Siberian Branch
of Russian Academy of Sciences, Irkutsk, Russia

During several passed years from a discovery of stress proteins of plants an undoubted
progress was achieved. It is so far precisely established that a response reaction of a plant
organism to a low-temperature stress, as well as a formation of tempered condition of a plant
starts exactly with a moment of its cooling start and proceeds with the participation of certain
proteins. Except a considerable number of the enzymes involved in these processes, some families
of the proteins which have been specifically connected with these processes are so far singled out.
These are chaperons and dehydrins, antifreeze proteins, multifunctional proteins regulating
processes of translation and transcription and uncoupling proteins which separate oxidation and
phosphorylation during low-temperature stress. Synthesis of these proteins is provided in most
cases by nuclear genes expression of which is induced during a temperature stress and hardening
and is defined by its conditions.

Though it should be noted that there are individual hypotheses of biochemical mechanisms
of participation of proteins induced by low temperature in developments of cold resistant plants it
is little known about the role of concrete proteins in these processes, except for representatives of
several families of proteins, such as dehydrins, antifreeze proteins and some other.

In the last decades mechanisms of induction of an expression of genes at a hypothermia and
specificity of these genes and proteins coded by them start being studied intensively. Research
works in this field are intensively carried out today all over the world. Especially these research
studies are being done intensively in connection with a carried-out full sequencing of genomes of
plants. At the same time it should be noted that researches of genes expression during low-
temperature stress are conducted not systematically and generally they consist of establishment of
the fact of expression induction of a separate gene or family of genes or increase in the content of
separate stress protein. In practice the interrelation between induction of separate genes or their
families is not investigated and in conducted research works there is no integrated approach to the
studied phenomenon. Only in the latest time "gene networks" connecting together the description
of an expression of various genes in certain conditions start being created. This approach to
research works is extremely perspective and allows to hope for a creation of gene network
describing the complex response of a genome of plant upon a low-temperature stress
henceforward.

At temperature stresses in plant cells the mitochondrial signaling is functioning which
includes interaction of information and energetic systems of a cell functions. It is proven that
temperature fluctuations cause changes in energetic activity of plant mitochondria.
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Soybean is relatively new crop in Kazakhstan and yield productivity is affected by a number of
important diseases. In this study GWAS approach was used for identification of QTL for several
yield components, including plant height, number of fertile nodes, number of seeds per plant,
weight of seeds per plant and thousand seeds weight. For this purpose the collection of 184
accessions representing 5 different regions of the World, including East Asia, East and West
Europe, North America and Kazakhstan were tested in the fields of Dzhambul region (South
Kazakhstan) and Kazakh Research Institute of Agriculture and Plant Growing (Almaty region,
South-east Kazakhstan). The soybean collection was previously genotyped using 7K SNP Illumina
array. SNP genotyping analysis was performed at TraitGenetics GmbH (Gatersleben, Germany)
using an optimized soybean cluster file using the Illumina Genome Studio software. After quality
control filtering of the SNP dataset 5,213 SNPs were selected for further analysis. The SNP dataset
was filtered using a 10% cutoff for missing data and markers with minor allele frequency >0.10
were considered for GWAS. GWAS mapping of QTL governing yield components was performed
using three different packages, TASSEL, FARM CPU and GAPIT. Results indicate that FARM
CPU is most efficient package that avoiding identification of false positive and false negative SNP
— trait associations. Identified SNP markers were converted to KASP markers and they are currently
under validation using larger field experiments in different parts of Kazakhstan. Obtained results
provide new tools for marker assistant breeding of soybean in different regions of Kazakhstan.

The research was supported by the Ministry of Education and Science of Republic of Kazakhstan
(grant # 1108/GF4).
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IN COLLECTION OF SOYBEAN GROWN IN KAZAKHSTAN
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Understanding of genotype and environment interaction (GEI) patterns is very important for
introduction of new cultivars of plant growth in expanding new zones. As soybean is relatively new
crop for Kazakhstan, it is vital to determine adaptive genotypes to particular environments in
Northern and Eastern parts of the country. In this study the collection of 120 accessions of world
soybean collection was tested in three different regions of Kazakhstan — Almaty, Kostanai, and
East Kazakhstan regions. The yield was used as a major trait to evaluate GEI patterns by using
AMMI (Additive Main Multiplicative Interaction), and GGE (genotype x genotype environment)
Biplot methods. ANOVA (analysis of variance) as part of the AMMI study suggested that
Environment contributed 89.52% and GGE added 10.48% to the total variation. Graphical
visualization of AMMI suggested that PC1 was most effective contributor to the differentiation of
East and South-east regions from North Kazakhstan, while PC2 allowed separation of East from
South-east of Kazakhstan. Similar results were obtained using GGE bilpot approach, which is
suggesting that in relationship to soybean yield, East and South-east regions are forming a single
mega environment. Both methods allowed determining valuable genotypes, which demonstrated
best yield scores in three environments. For instance the accession SD61 showed highest yield in
Northern Kazakhstan, while SD74 and SD91 were most productive both in East and South-east
regions.

The research was supported by the Ministry of Education and Science of Republic of
Kazakhstan (grant # 1108/GF4).
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Soybean stem growth habit is directly associated with yield components and may
differentiated as indeterminate and determinate types. In indeterminate type flowering begins in
lower nodes of the plant and progresses toward the top of the plant. In determinate type flowering
begins at the middle of plant and progresses both ways. Indeterminate type is a negative trait in
most regions of Kazakhstan since in the top of the plant most pods have immature seeds and lower
pods difficult for machinery type of harvesting. Therefore, genetic factors controlling the stem
growth habit are very important for improvement of soybean productivity. There are two known
genes, Dt] and D¢2, which control the habit type in soybean, and D¢/ is by far more important gene
for controlling of the phenotype in comparison to D¢2. Dtl is also involved in the control of
flowering time Therefore, in this study the collection of 120 soybean lines from different parts of
the World, including from Kazakhstan, were genotyped using D¢/. Out of 120 tested soybean lines,
103 were genotypes with D¢/ allele and 17 genotypes with dt/ allele. Studied lines were also
planted in South-East region, near Almaty city. The comparison between determinate and
indeterminate lines showed significant difference in flowering and seed maturation time, plant
height, number of nods per plant, and yield. DNA marker for D¢/ gene was successfully converted
to KASP marker and available for further large scale genotype screening in breeding lines.

The research was supported by the Ministry of Education and Science of Republic of
Kazakhstan (grant # 1108/GF4).
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IDENTIFICATION OF GENETIC CARRIERS OF WHEAT, STEADY
AGAINST YELLOW RUST PUCCINIA STRITIFORMIS F. SP. TRITICI

M. Atishova, A. Kokhmetova, L. Typina, A. Madenova, K. Galymbek,
Zh. Keishilov

Institute of Plant Biology and Biotechnology, Almaty, Kazakhstan

Wheat is the most important cereal in Kazakhstan. Wheat (7riticum aestivum L.) rusts have
been one of the main yield limiting factors in wheat cultivation throughout the world. Leaf and
yellow rusts can severely reduce wheat yields by almost 63% and 46% of the wheat growing areas
in the world, if susceptible cultivars are grown (Singh et al. 2004). Yellow rust, caused by the
pathogen Puccinia striiformis f.sp Tritici is considered the most important diseases of wheat in
Kazakhstan. Yellow rust negatively affects the quality and yield of wheat grain (Chen 2005). The
preferred way of controlling the disease is through the use of resistant varieties. There more than 70
genes that can express resistance to this disease. The aim of the present study was to screen
advanced line of wheat for the presence of Yr-genes effective to yellow rust. Y75 is located on
chromosome arm 2BL, 21 ¢cM away from the centromere. We used two STS (sequence-tagged site)
molecular markers, namely S19M93 and S23M41 to detect the likely presence/absence of Y75 in
105 wheat lines. The STS markers S19M93-140 completely co-segregates with Yr5, whereas
S23M41-310 maps at a distance of 0.7 cM. Marker SI9M93 amplified a 100-bp fragment in 42
wheat lines, indicating the likely presence of Yr5 gene while the remaining 63 wheat lines and
negative control did not show the 100-bp band, indicating the likely absence of Y75 gene. Marker
S23M41 amplified a 275-bp fragment in 42 of 105 wheat lines and the positive control, suggesting
the likely presence of Y75, whereas 63 wheat lines and the negative control did not show the 275-bp
fragment, indicating the likely absence of Y75 gene. The most promising lines are the following: 18-
ICARDA-IPBB-2013 x Yri8/#275T.spelta, n.UI11AGEC-7 x Yri5/#1093 9-ICARDA-IPBB-2013,
F1(F5#23 x KymaBa x #16591.1030/1620.F4 Vnyroex x Vr4 x Mepeke) x Yr5/T.spelta). They
indicated DNA fragment associated with presence Yr5 and also have shown high level of field
resistance. As a result of the PSR analysis of the 105 samples studied in 42 carries the gene Yr5 was
revealed. These results will assist the programs of gene pyramiding and Marker Assisted selection
in the wheat breeding for improvement of yellow rust resistance.

This work was financially supported by the Ministry of Education and Science Republic of
Kazakhstan, research project grant funding Ne2120.
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It is known that Abscisic Acid (AA) plays an important role in the response of plants to
stressful effects, in particular, with water deficiency. Our early works are devoted to the launching
of plant response mechanisms in water deficiency and some positive and negative results were
obtained on the use of AA in the variety of wheat pollen. The lack of unambiguous conclusions is
probably due to the fact that AA launches a signaling network, interacting with other
phytohormones at the cellular level.

In recent decades, many works have appeared on the mechanisms of stress-resistance at the
level of genes, at the level of cells and at the level of the whole organism. In studies, close attention
is paid to an equally important plant inducer too and which is an antagonist of AA to Salicylic Acid
(SA).

Currently, attention is paid to the issues of indirect communication of SA, with proteins
NPR1 (Natriuretic Peptide Receptor) NPR3, NPR4 synthesis of which depends on the concentration
of SA. The role of ubiquitin as a conservative regulator, which in advance designates an eliminable
protein, has been established.

Research at the level of the molecular mechanisms and functions of the above mentioned
proteins attracts the interest of cellular biologists, breeders in the search of source material for
resistance to stressors. Modern data about the effect of SA have led us to the idea of clarifying the
concentration curves and their correlation in the in vitro and in vivo conditions.

The following varieties and lines of the wheat were used in the experiment: Akmola 2,
Steppe 50, 93C, Steppe 2, Steppe 53, Erythrosperium 7A, Lutescens 2994, Lutescens 471H36, 101 /
88, 93c.

In the first series of experiments wheat seeds were germinated on filter paper, the second
series of experiments were carried out by embryo culture, and in the third, concentration of SA was
tested on callus culture.

As a result of the conducted studies, an increase in the length of the root was detected and
varieties with a number of germinal roots more than 5 were identified. By the root length, in the
treatment with SA with low concentrations on the third day the variety Steppe 2 differed to 2 cm
compared to the variety Akmola-2-1.2, and in Lutescens, 2994, growth of roots decreased by 0.3.
With the treatment of SA 0.03% and 0.05%, the process of root formation and shoot formation was
depressed. In addition, the number of germinal roots was also selected single plants of variety
L2994, Steppe 53, 93¢ where this indicator is equal to 6-7. In in vitro conditions, at the second
passage for Steppe 2 and Steppe 50, the growth of the callus mass was observed, where the
correlation coefficient in the control for the biomass increment was r = 0.95, in the SA 0.001% r =
0.98, and for SA 0.0001 % R =0,87.

The results of our studies are consistent with the literature data that using SA in the
induction of plant protective reactions, it is very important to select concentrations for the arrival of
a matched signal with other growth regulators. In this connection, work continues with the complex
use of growth regulators of auxin and cytokinin type of action for inducing an immunomodulatory
effect of SA. In addition, in subsequent experiments, it is necessary to create conditions for water
deficiency in the cell after establishing the concentration of SA.
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Basic cellular functions of living organisms are regulated by a complex network of
biochemical processes and signaling pathways responsible for the regulation of cellular metabolism
in response to external signals. The Target of Rapamycin (TOR) pathway is present in all
eukaryotic organisms and plays a key role in regulation of various cellular processes like
autophagy, translation, ribosome biogenesis, and metabolic adaptation in response to nutrients,
growth factors and energy conditions [V. Albert et al., 2015].

The TOR protein kinase is a large protein (~250 kD) which belongs to the
phosphatidylinositol kinase-related kinase (PIKK) family. In yeast and animals, TOR associates in
two complexes TORCI and TORC2 with different protein partners, namely LST8 and
RAPTOR/KOGT1 for TORCI, and LST8, RICTOR/AVO3 and SIN1/AVOI1 for TORC2. TORCI1 is
sensitive to rapamycin and participates in the responses to favorable growth conditions by
promoting energy-consuming processes like cell division, translation, ribosome biosynthesis and
anabolic metabolism and repressing recycling mechanisms like autophagy [S. Wullschleger et al.,
2006]. In Arabidopsis, a single TOR gene (4¢tTOR) and some of the TOR complex 1 (TORCI)
partners have been identified including two homologs of the LST8 protein (Lst§-/ and Lst8-2
genes) and two genes encoding RAPTOR proteins (Raptor3g and Raptor5g). [D. Rexin et al.,
2015].

Despite the growing interest in the plant TOR kinase, this link between ABA and the TOR
signaling pathway has received hitherto little attention. Furthermore, although it is generally
believed that TOR is only active in favorable external conditions, more and more studies suggest
that the activity of the TOR complex is also needed for stress adaptation [S. Sengupta et al., 2010].
ABA plays also an essential role as regulator in many cellular processes including germination,
seed development and environmental stress responses. The first committed steps of ABA
biosynthesis take place in plastids and are catalyzed by zeaxanthin epoxidase (ZEP) and the 9-cis-
epoxycarotenoid dioxygenase (NCED) which produces xanthoxin and is tought to be the main rate-
limiting reaction. Xanthoxin then moves to the cytoplasm where it is converted to ABA-aldehyde.
Finally the last step in ABA biosynthesis is catalyzed by aldehyde oxidases (AAO) localized in the
cytosol. [E. Nambara et al., 2005]. Among the ABA catabolic pathways the C8’-methyl
hydroxylation by cytochrome P450 monooxygenases (CYP707A) is considered as the major
regulatory step. ABA level is thus the result of a balance between synthesis and degradation. Stress-
induced ABA accumulation regulates the global metabolic network in Arabidopsis [T. Yoshida et
al., 2015].

We used HPLC-MS/MS method to quantify ABA levels in the TORC1 mutants or after TOR
inactivation by the specific inhibitor AZD-8055. The expression levels of the genes encoding the
main enzyme of ABA metabolism measured by quantitative real-time PCR using specific primers.
Our results showed that loss-of-function mutation in Lst8-1 and Raptor3g genes or the inhibition of
TOR complex activity cause a significant decrease in ABA level as well as in expression of ZEP,
NCED3 and AAO3 genes involved in ABA biosynthesis in contrast to the ABA catabolic
CYP707A2 and CYP707A3 genes which were induced. These results provide one step forward in
understanding of TOR and ABA signaling networks collaboration in plant growth and metabolism.
Finally these data suggest that TOR activity is needed in plants to synthesize ABA and therefore to
mount efficient responses to environmental stresses. The role of the TOR signaling pathway in short
term response to stress, and the molecular players involved in the relation between this kinase and
ABA still remain to be discovered.
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MOLECULAR EVOLUTION OF ANTIOXIDANT GENES
IN PLANTS AND ITS RELATIONSHIP WITH CELLULAR
LOCALIZATION OF PROTEIN PRODUCTS
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In the very beginning of photosynthesis era, for all living cells became necessary to utilze
reactive oxygen species (RAS). RAS molecules is dangerous for cellular methabolism and they can
damage all membrane components in the cell. This problem mostly important for plant cells that
produce a lot of RAS during the photosynthesis. Currently a several biochemical pathways of
antioxidant defence system is well-known. Also, discovered a set of antioxidant enzyme classes,
which are presented in genome in series of copies with different cellular localization. It was shown
that activity of antioxidant system of plants is an important factor for defending against stress
environmental conditions such as unbalanced salt and water composition of the soil, temperature
changes.

On the one hand understanding the evolution of antioxidant system genes is a fundamental
task. It is a perfect model to reveal how evolution features of identical component of enzyme
system depending of their particular cellular localization. On the other hand this data allow us to
identify the most important enzymes for use in marker-assisted selection of crop plants for
resistance to stress.

Presented work contains phylogenetic analysis of five major antioxidant enzymes of plants:
ascorbate peroxidase, glutathione reductase, superoxide dismutase, catalase and dehydroascorbate
reductase. Revealed the time of gene duplication events previous to the formation of differences in
localization. Estimated the synonymous per nonsynonymous substitution ratio, revealed its
relationship with cellular localization of proteins.

Data of the DNA and protein sequences were extracted from NCBI and PLAZA databases.
Samples of homologous genes are aligned by MAFFT algorithm. Reconstruction of phylogenic
trees was perfomed by PhyML algorithm. Analysis of the patterns of synonymous and
nonsynonymous substitution was made for orthological groups of flowering plants with
intermediate reconstruction of ancestral taxa.
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EXPRESSING THE SUC2 YEAST INVERTASE GENE OF APOPLAST LOCALIZATIONS
INCREASE THE COLD RESISTANCE OF POTATO PLANTS

A.N. Deryabin, T.I. Trunova
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Russia
E-mail: anderyabin@mail.ru

Low temperature (LT) is a determinative environmental factor, which can affect all aspects
of plant life. The first compartment of the plant cell, which gets LT signal and participates in its
transduction and response, is the apoplast. The apoplast contains the cell-wall invertase (CWI) — the
key enzyme of carbohydrate metabolism in plants, which catalyzes sucrose forming two
monosaccharide molecules (glucose + fructose). CWI is involved in important physiological
processes such as control over both sucrose outflow from leaves into other vegetative organs and
transport of monosaccharide across the plasmalemma that increases total sugar contents in cells.
The accumulation of soluble sugars in vegetative plant organs is one of obligate factors for forming
plant resistance to LT.

The purpose of this study was to investigate the involvement of CWI (B-D-fructofuranoside-
fructohydrolase, EC 3.2.1.26), into formation tolerance to LT of potato (Solanum tuberosum L.,
cv. Désirée) plants, which expressed the SUC2 gene of Saccharomyces cerevisiae under the control
of the patatin class I B33 promoter (B33-inv-plants). WT-potato plants served as the control (WT-
plants). Plants were grown in vitro at 22°C and 16-hour long light day (illuminating intensity of
100 pmol photons/(m>:s).

B33-inv-plants offer unique opportunities for research since the integrated SUC2 gene
encodes the invertase of yeast with an N-end-connected potato proteinase II inhibitor signal peptide,
which provides apoplastic localization of foreign invertase. It was shown that the SUC2 gene
presence in the plant genome and its expression were shown using PCR and RT-PCR. Yeast
invertase were identified by MALDI-TOF MS analysis. A soluble form of the yeast invertase was
present in the apoplast, and it was weakly adsorbed onto the cellular wall (Deryabin et al., Biol.
Bull. Russ. Acad. Sci. 2014;1:24-30). The activity of yeast invertase changed the intracellular sugars
content in the leaves of the B33-inv-plants. The total content of sugars (sucrose, fructose, glucose)
in the roots, leaves and apoplast was higher in the B33-inv-plants compared to those of the WT-
plants. Prolonged cold exposure (5°C, 6 days) contributed to the increased activity of apoplastic
invertase and contents sugar in the B33-inv-plants compared to that in the WT-plants. The increase
in the essential CWI activity in the leaves, revealed during cold hardening indicates significant
changes in the cellular carbohydrate metabolism and regulatory function of this enzyme. The
activity of CWI induced by LT changed the composition and intracellular sugars in the roots and
leaves of the potato plant. It can be assumed that glucose and fructose were actively transported
from the apoplast into the cytosol, where they performed protective function and were used for
energy and synthetic processes in the cell. Our data indicate higher resistance of B33-inv-plants to
severe LT conditions compared to the WT-plants (Deryabin et al., Biol. Bull. Russ. Acad. Sci.
2016;1:26-33). It is known, that the enzyme substrate (sucrose) and the reaction products (fructose
and glucose) are active multifunctional metabolites whose concentration in the cell and apoplast
significantly affects the resistance forming of potato plants to LT. The fact allows us to consider
CWI as an enzyme of carbohydrate metabolism playing an important regulatory role in the
metabolic signaling upon forming increased potato plant resistance to LT.

The authors are grateful to Dr. L. Willmitzer (Max Planck Institute of Molecular Plant
Physiology, Germany) and Dr. G.A. Romanov (Timiryazev Institute of Plant Physiology, Russia)
for the potato plants provided for the research.
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New, ultra-fast somaclonal studied soybean lines for the conditions of Northern Kazakhstan
on productivity and drought tolerance. Somaclonal line varieties SibNIIK 315 - R/98-12, R184-4,
R177-5, R 8 has an increased ability to form beans. These lines somaclonal sterile plants were
found. We select the most productive line with a mass of seeds with plants 13,1-14,7 g- R 176-5, R
165-11, R 198-12,R 162-17, R 155-2.

In order to isolate the forms of drought-resistant somaclonal lines were grown under
conditions of drought provoked in the greenhouse complex KazNIIZiR. The most productive
patterns R-177-5, R-165-11, R-186-8 , R-170-1 characterized as increased weight of seeds per plant,
and increased the number of stomata in the flowering stage (12,8-17,6 pcs / box) and the number of
hairs (20,0-24,5 pcs/box). Measurement  of  standardized ~ difference  vegetation
index (NDVI), showed a high rate in the phase of loading beans from somaclonal lines R-177-5, R-
186-8, R-165-11 and R-290-11 (0,79-0, 81), whereas SibNIIK standard grade 315, he was in the
same phase of development 0,74-0,75. NDVI measurements confirm the results on the accumulation
of biomass a more intensive development of somaclonal lines compared with the standard.

The protein content in soybean grain was formed by 40,5% (R 155-2) to 45,7% (R 176-5) for
ripening forms at the level of yields. Two rooms in addition to the maximum protein accumulate
above 45.0% are non - R186-8 and R177-5, with respect to grade-standard - 44.7%. The fat content
is formed at 19,0-21,0% with an average of 19.8% for the whole relative SibNIIK standard block
315 with a fat content of 19.3%. Collecting samples of the soybean crop years 2014-2016. analyzed
for Fe content in the beans. Variation observed within 89-103 mg/kg. 100 mg/kg Fe content
characterized by between 2 and 11% of the genotypes. Among them, high protein varieties and
breeding patterns KazNIIZiR and Ukrainian selection (Lybid). The large amount of breeding
material studied in these years, the level of the samples with Fe content greater than 100 mg/kg is
practically very low (2-4%). The biochemical composition of grains estimated for protein, starch.

Research was carried out under the program 0.0721 "Creation and implementation of cereal
varieties with genetically identified stress light-governmental properties on the basis of molecular
breeding, genomics and Biotechnology (Biochemistry) for efficient use of the country's soil and
bioclimatic building" project state registration number 0115RK02312 " Phenotyping, genomics and
biotechnology (biochemistry) in the creation of varieties of cereals, legumes and forage genetically
iden-lated stress indicator of efficiency and quality properties".
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THE MANIFESTATION AND PHYTOHORMONE RESPONSE
OF LEAF PUBESCENCE GENES IN BREAD WHEAT

A.V. Doroshkov, A.V. Simonov, D.A. Afonnikov, T.A. Pshenichnikova

Institute of Cytology and Genetics Siberian Branch Russian Academy of Sciences, Russia

The leaves of many angiosperm species develop trichomes. This trait is known to make a
significant contribution to the protection from pests and adaptation to environmental factors in
bread wheat.

However the genetic basis of wheat trichome formation is poorly understood although a wide
variation was found among Triticeae species with different ploidy level. Currently Catalogue of
Gene Symbols for wheat contains only two loci associated with this trait: the gene HI// in 4B
chromosome and the gene HI2““’ in 7B chromosome. Molecular function and regulation of these
genes are currently not known.

The present research sought to establish the individual and joint effect on trichome patterning
and growth of each of three wheat leaf pubescence genes (H/I, HI2“” and new one - HI3) under
normal conditions and phytohormone treatment.

Various lines carrying HI1, HI3 and HI2““’ and specially created nearly isogenic lines were
used to quantitatively compare leaf pubescence using a modern high throughput phenotyping
method (wheatdb.org/lhdetect2). This method allows us to obtain rapidly quantitative characteristics
of leaf pubescence (length of individual trichomes and their number) among many plants.

Studied genes differed in their effect on trichome formation. HIl/ and HI3 more affected
trichome initiation and growth, while HI2““” modified mostly trichome length. Their action was
independent to a large extent. A model of the action and interaction of HlI, HI3 and HI2“? has
been proposed to explain the genetic basis of trichome length and number.

The effects of phytohormones on trichome cell growth and initiation while H/I, HI3 and
HI2**? genes manifestation were explored. The effects of auxin (IAA), gibberellic acid (GA),
cytokinins (6-BAP, Kinetin), metyl jasmonate (MeJa), ethylene (ACC) have been investigated and
described. Our data revealed a key role of GA and cytokinin signaling pathways in H// and HI2
gene manifestation. At the same time this genes differs in a character of responce to hormone
action. This suggests a different position H/I, HI3 and HI2“’ genes in the network of trichome
formation control.

This work was supported by Russian Science Foundation (RSCF) grant Ne 14-14-00734.
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ASSESSMENT OF WHEAT-RYE HYBRIDS’ BREEDING POTENTIAL
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The analysis of the allelic composition of RAt dwarfing genes and Vp-1B gene regulated seed
dormancy was carried out in the material of 8 wheat-rye substituted lines with different types of
R(A)-, R(B)- and R(D)-chromosome substitutions (RhtBI, Rht8, Rht-DI and Vp-IB gene
composition was analyzed) and 33 lines of recombinant triticale with different types of D(A)- and
D(B)-substitutions (RhtBI and Vp-1B genes composition was analyzed). It was found that the
substituted wheat lines and most triticale lines (22) contain Vp-IBc allele in the homozygous state
associated with resistance to pre-harvest sprouting. The mutant allele of Rht-Blb ensuring a
significant reduction in plant height was detected in the homozygous state in 20 triticale lines. All
substituted wheat lines contain wild alleles of RhtBI and Rht8 genes and the vast majority of them
are heterozygous for allelic composition of Rht-DIgene that generally indicates low breeding
importance of this material in terms of development of resistant to lodging varieties. Based on the
analysis results, 10 recombinant lines of triticale, which combine mutant alleles of RAz-B1 gene and
Vp-1B gene in their genotypes, were selected for further pre-breeding research.

The research work was partially supported by the BRFFR (grant Ne BI5CO-030)
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The goal selection of gene pool, and its diversity make it possible to identify genetic sources and
donors of economically valuable traits for the different breeding programs. However, the traditional
crop selection may not provide revolutionizing of plants. Thanks to biotechnological research
methods there appeared new possibilities of expanding genetic diversity in soybean breeding. For
the first time we held genetic evaluation of somaklonal soybean lines oforganogenic origin derived
using nutritional medium of mutagenic factor-heavy metal ions. Subject of studies were 240
regenerant soybean lines from 10 source forms developed on selective medium with the addition of
copper ions (Cu®") and cadmium (Cd*") as mutagenic factor. According to the results of the study in
the control nursery nine lines exceeded the standard on productivity by 3,0 - 36,9%. According to
biochemical parameters, the three lines developed on the medium containing ions of Cu®’
performed high content of oil and histidine in the seeds having a low index of linolenic acid (R
1485, R 1357, R 1490). Regenerant line R1357 was distinguished on the complex of reliably
exceeded biochemical comopennts. Relative electrophoretic mobility of peroxidase with a zone of
0,36-0,40 Rf was revealed in forms: R 1357, R 1496, R 1524, R 109 and R 1490. The more mobile
electrophoretic spectra were defined in R 1496 (0,43-0,45 Rf), R 1490 (0,48-0,50 Rf), and R 1518
(0,42 Rf; 0,47 Rf). Cadmium ions being applied in the experiment had practically inpibiting effect
upon the regeneration process of certain genotypes of soybean source forms. Despite the low
productivity of cotyledon's nodes, normally developed in vitro regenerants from six original forms
were transferred ex vitro. We received 46 fertile plants that were reproduced to conduct genetic
analysis. We conducted genetic analysis of four regenerant soybean lines involving six different
primers for di-and trinucleotide micro satellite repetitions, which initiated 69 fragments, 17 of
which were polymorphic (24.6%), the rest were monomorphic, i.e., they were observed in all
spectra of the studied plants. The size of the identified fragments ranged from 300 to 1000
nucleotide pairs (p.n.), depending on the primer, the number of polymorphic fragments varied from
2 to 8. Based on the analysis of binary matrices there were calculated indices of genetic differences
between the investigated lines. The largest value of genetic distances was found between the initial
form Hudson and the regenerant line R1585 line (0.3321), the smallest gap was between the lines
R1585 and R1597 (0.0392), as well as between R1571 and R1569 (0.0594). There were identified
the regenerants reliable genetic differences from the initial form.
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In recent years, there has been significant progress in the development of research focused on
the possibility of gene transfer from wild species of cereals to improve the adaptability of bread
wheat. In most studies shown the results for the production of wheat-alien substitution,
introgression and translocation lines using cytogenetic and molecular methods for the identification
of alien chromosomes. The sources of alien material are the Aegilops, Agropyron, Secale, Hordeum
species. In this regard, interest to the obtainand study of a new wheat-alien lines is not reduced. We
carry out research directed to developmenta new approach to targeted and precise replacement of
common wheat individual chromosomes from taxonomically distant and unrelated species based on
aneuploid lines carrying the genetic or cytological markers. Were developed the effective schemes
to obtain the5SR (5A), SR(5D) wheat-rye substitution lines, as well as a large set of intervarietal lines
with the substitution of chromosomes in fifth homoeologous group. Experimentally implemented
the possibility of using synthetic amfiploid 7. timopheevii / T. tauschii (GGAADD) as a donor of
resistance to leaf rust and powdery mildew.

With the use of molecular genetic methods were established the location and size of the
fragments in the genome of 7. timopheevii/T. tauschii immune lines of wheat Saratovskaya 29. Were
obtained the isogenic lines on varieties Saratovskaya 29 with marker genes from 7. polonicum, T.
petropavlovskyi, Ag. elongatum and S. cereale. First obtained wheat-barley 7. aestivum- H. marinum ssp.
gussoneanum Hudson 4 x substitution lines 7HL™(7A), 7HL™(7B), 7THL™(7D). Were obtained
introgression lines with combination of genes controlling morphological traits and disease resistance:
TIRS.1BL (Lr26/Pmé8/Sr31)+T5AS.SRL+T7DS.7DL-Ac#1L(Lr19/Sr25) and TIRS.1BL
(Lr26/Pm8/Sr31)+5R(5SD)+T7DS.7DL-Ae#1L(Lr19/Sr25). A significant part of our work is related
to the study of the relation of individual cereals chromosomes with adaptive and valuable traits.So,
on the basis of the obtained lines with intervarietal and alien substitution chromosomes studied the
effects of donor chromosomes in fifth and seventh homoeologous group of wheat, rye and wild
barley on the length of the growing season, type of development, winter hardiness, protein content
and grain hardiness. Were established the presence of two alleles of the gene Vrn-B1, determining
the difference the duration of seedling—heading time and studied the structure of these alleles. With
the use of allele-specific primers developed for the VRNI loci, the allelic diversity of the VRN-A1,
VRN-BI, and VRN-DI genes was studied in 148 spring common wheat cultivars cultivated under
the conditions of Western Siberia. It was demonstrated that modern Western Siberian cultivars have
the VRN-Ala allele, which is widely distributed in the world (alone or in combination with the
VRN-Bla and VRN-BIc alleles).
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Earlier in wheat germ small ribosomal subunits (WG 40S RSU) we detected new small RNA
of 132 nucleotides (5.3S RNA) which exists also in all tested plants and amount of which increases
several times under heat shock. We isolated, cloned and sequenced 5.3S RNA, which proved to be a
discrete 5'-terminal fragment of 18S rRNA (5.3S13,RNA'®).

To study the influence of 18S rRNA cleavage on function of 40S RSUs and on protein
synthesis in vitro, we translated reporter mRNA with different 5S’UTRs in WG cell-free system
(CFS) that was pre-treated by micrococcal nuclease (MNase). Brief treatment of WG-extract by
MNase induced several discrete fragments of 18S rRNA among which 5.38132RNA18S was most
prominent. In pre-treated WG-CFS, translation level of all mRNAs decreased 2-3 times, indicating
that such cleavage inhibits protein synthesis.

To trace 5.3S;3,RNA'S induction in plants under different stresses we used oligonucleotide
probe complementary to first 35 nucleotides of WG 18S rRNA. This probe was labelled by either
radioactive or DIG labels to perform northern blot-hybridization after PAG-electrophoresis in
denaturing conditions (8M urea) of total nucleic acids extracted from plants subjected to different
stresses. Using such an approach we detected additional discrete 5'-terminal fragment of ~75
nucleotides (5'F7sRNA'®S) which was usually hidden by tRNAs, and also another fragment -
5'F19oRNA'™,

WG from dormant seeds contained the least amount of all mentioned fragments. In
germinated WG the amounts of these fragments slightly increased. Treatment of germinated WG
with H,O, does not induce fragmentation, while cold shock obviously stimulates. Most pronounced
induction of fragments was observed in germinated WG subjected to following stresses and
treatments: drought, salinity, heat shock, UV irradiation, salicylic acid, histidinol.

This suggests that cleavage of 18S rRNA in definite sites may complement the mechanism
based on phosphorylation of pelF2 (by pGCN2) in "braking" of translation initiation especially
under stresses (heat shock, salinity) which are not accompanied by pelF2 phosphorylation.
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Wheat leaf and stripe rust over the past several years has been the major factor in Kazakhstan
that reduces wheat yield and quality and caused considerable economic damage. Utilization of
foreign germplasms is the best way to solve the problem of development new rust resistant
cultivars. The study of winter wheat germplasm from different national and international nurseries
allowed to evaluate the value of the lines for genetic and breeding programs directed on
improvement of wheat leaf and stripe rust resistance in Kazakhstan. Based on data from field test
can be concluded that the most valuable sources, combined resistance to both leaf and stripe rust
were 16 lines and cultivars (28.6%), including mainly entries from CIMMYT and ICARDA.
Nineteen entries (30.6%) had high level of resistance to leaf rust in the field tests. Thirty-three
entries (53%) were resistant to stripe rust in the field and have great effectiveness to control stripe
rust. In our study 22% wheat accessions of 62 wheat entries studied had polymorphic band of
linked STS marker F1.2245Lr10-6/r2 to leaf resistance gene Lrl0, 3% entries had polymorphic
band of linked STS marker Gb to leaf resistance gene Lr19/Sr25, 11% entries had polymorphic
band of linked SSR marker Iag95 to Lr26/Sr31/Yr9/Pmé8 resistance gene block, 43% had
polymorphic band of linked STS marker csLV34 to Lr34/Yri8 APR resistance gene block, 12%
entries had polymorphic band of linked LN2-Ventriup to Lr37/Yr17/Sr38 resistance gene block,
17% had polymorphic band of linked marker csGS to Lr68 leaf rust APR gene, 6% had
polymorphic band of SCAR marker linked to Yr/0 stripe rust resistance gene, but all of sources of
this gene appeared to be heterozygotes. Only one line from ICARDA showed presence of stripe rust
resistance gene Yr/5. The results obtained are used in Kazakhstan for developing varieties of wheat
that are resistant to leaf and stripe rust. Four CIMMYT lines and thirteen ICARDA lines were
resistant to leaf rust, nine CIMMYT lines and twenty two I[CARDA lines were resistant to stripe
rust. Introduction of new resistance genes is required to improve the field resistance of Kazakh
winter wheat cultivars to leaf and stripe rust. In this context, gene pyramiding of effective Lr and Yr
genes is probably the faster strategy to develop leaf rust resistant wheat cultivars. The results of our
study create opportunities for transfer of breeding process in Kazakhstan to a new scientific level
due to the application of molecular methods.

This work was financially supported by the Ministry of Education and Science Republic of
Kazakhstan, research project grant funding Ne2120 and by the Ministry of Agriculture RK, research
grant NeO0721.
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Pyrenophora tritici-repentis, causal agent of tan spot on wheat. In recent years there has been
increasing distribution and harmfulness of P. tritici-repentis on wheat. The aim of research was to
study distribution, similarities and differences between populations of P. tritici-repentis in virulence
and race structure of isolates obtained from wheat in the North Caucasus region of Russia and
Republic of Kazakhstan. Route survey of wheat fields showed that wheat tan spot appears by mild
to moderate level, depending on climatic conditions and the varietal characteristics of wheat. The
greatest development and spread of the pathogen in Kazakhstan and Russia recorded in the zones
with the highest humidity. These differences in the development of tan spot may be also associated
with resistance to the disease of definite wheat cultivar and agricultural practices. In the process of
studying the virulence and racial composition of pathogen populations 30 monosporic isolates of P.
tritici-repentis were analyzed, including 17 isolates from wheat samples collected in the North
Caucasus region; 13 isolates from samples collected in the Republic of Kazakhstan. The
monosporic isolates of P. tritici-repentis originated from different regions of Kazakhstan and
Russia were attributed to certain races based on their ability to produce necrosis/chlorosis
symptoms on standard differentials (Glenlea, 6V662, 6V365). The isolates of P. tritici-repentis
from Kazakhstan were most virulent; phenotypically more diverse were isolates from Russia. Races
1, 4 and 8 and virulence phenotypes of 77 and 35 occurred both in Kazakhstan, and the Russian of a
pathogen. The virulence phenotypes 77 and 53 from Russia and 77 and 37 from Kazakhstan were
the most frequent. It is shown that the dominant races are 1 and 8 of P. tritici-repentis. The
variation was observed in the virulence of isolates: in Russia races 1, 2, 4 and 8 of a pathogen were
identified, and in Kazakhstan races 1, 3, 4, 6 and 8 P. tritici-repentis were detected. Races 1 and 2
were being predominant races in the North Caucasus region of Russia, while races 1 and 8 were the
most common in Kazakhstan. Race 8 was detected for the first time in Kazakhstan.

This study was supported by grant Ne 2170 of the Ministry of Education and Science of the

Republic of Kazakhstan and by grant Nel6-44-230696 r a of Russian Foundation for Basic
Research and the administration of the Krasnodar Territory.
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RESISTANCE OF SPRING AND WINTER WHEAT WITH THE
INTROGRESSION OF GENETIC MATERIAL (T.TIMOPHEEVI, T.KIHARAE,
T.DICOCCOIDES, AE.TRIARISTATA, AE.CYLINDRICA) TO ABIOTIC AND BIOTIC
STRESS FACTORS OF THE ENVIRONMENT

K. Kozhahmetoy 1, Al Abugalieva I’Z, A.S. Rsaliyev 3, V.A. Chudinov?
'Kazakh Research Institute of Agriculture and Plant Growing, Kazakhstan

’Kazakh National Agrarian University, Kazakhstan

I Research Institute for Biological Safety Problems, Kazakhstan
‘Karabalyk Agricultural Experimental Station, Kazakhstan

Based on the screening of resource material transition (6 x 2 = 12), synthetic (25) and
advanced (11) Forms of spring wheat with germplasm of wild relatives compiled a database of 1)
the NDVI phenotyping in the 2-vegetation in the South region (KazSRIA&PG) and North
(Karabalyk) for 7-11 measurements; 2) productive properties; 3) resistance to diseases; 4) indices of
drought resistance.

Obtained 1) line - the sources of disease resistance (on a natural background) confirmed on an
artificial background, and genetic analysis; 2) line of high NDVI potential, confirmed the high grain
yield and converted into senior nursery selection process with simultaneous multiplication of the
individual sibs; 3) genotypes for registration and patenting of new forms (of high and stable) on
novelty, distinctness and uniformity: Tim-biday and Guntikum (application Ne20548 and Ne20549
from 15.06.2016).

In general, the dynamics of biomass accumulation (NDVI) reflects genotype response to
stressful conditions (increased temperature, insufficient humidification, etc.). Wild relatives do not
reduce NDVI under stress and are characterized by a smooth curve in the growing process. Spring
common wheat varieties characterized by hopping curve under stress. Transient spring wheat
synthetic forms depending on the specific genotype react to environmental conditions. The criterion
for selection for stable physiology can be smooth curve at a high level.

As a result of screening material on disease resistance: a) among transitional forms and
synthetic spring wheat held negative selection unit unstable form; accessions wheat obtained from
crossing from wild relatives show high resistance to yellow and leaf rust in the defeat of standard
grades of 100%, which indicates the high values of this material as a source of stability, although at
less than productivity; b) among the varieties studied in the background of the strong development
of stripe rust resistant samples were allocated Bezostaya 1 x Ae.cylindrica, (Bezostaya 1 x
T.militinae) x T.militinae;, Zhetysu x T.timopheevi; Zhetysu x T.militinae; Bezostaya 1 x
Ae.cylindrica and Erythrospermum 350 x T.kiharae. High resistance aforementioned samples due to
the presence of certain Yr-genes for resistance to yellow rust.

On an artificial infectious background of all samples analyzed, only 5 out of 60 samples,
including standard-grade amazed leaf rust degree of manifestation of the disease which has reached
40-80%. The defeat of the sheet form Septoria and yellow spot in the middle was 15,9-20,4%, with
a variation of 0-40% by accessions. High resistance to pathogens data showed samples (Bezostaya 1
x T.militinae) x T.militinae; Karahan; Steklovidnaya 24 x T.timopheevi; (Bezostaya 1 x
T.triaristata) x Karlygash; Erythrospermum 350 x T.kiharae.

Samples of Erythrospermum 350 x T.kiharae (58,0-75,0 t/ha), Zhetysu x T.timopheevi (49,0-
61,5 t/ha) and Zhetysu x T.militinae (48,5-61, 1 kg/ha) showed increased stability of yields on long-
term results, including infectious background Erythrospermum 350 x T.militinae, Bezostaya 1
x Ae.cylindrica and (Bezostaya 1 x T.militinae) x T.militinae-9.

The work was done in the project "Phenotyping, genomics and biotechnology (biochemistry)

in the creation of varieties of cereals, legumes and forage genetically identified stress indicator of
efficiency and quality properties" (State registration number 0115RK02312).
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ASPARAGINE METABOLISM AND PROTEIN CONTENT IN THE
DEVELOPING SOYBEAN SEEDS

T. Lee', Z. Spankulova', U.Orazbayeva', S. Didorenko’

lInstitute of Plant Biology and Biotechnology, Almaty, Kazakhstan
2Kazakh Institute of Agricultureand Crop Production, Almalybak, Kazakhstan

E-mail: tamaralee05@gmail.com

30 soybean lines were used in this study: 3 early-maturing (110-120 days) withthe standard
Misula, 16 medium- maturing (121-130 days) with standard Zhansaya, 11 late- maturing (more
than 130 days) with the standard Lastochka.

Since soy is a rich source of protein and oil, one of the main objective of breeders around the
world is to enhance the nutritional quality of soybean seeds by the increase of protein content or oil.
For successful breeding programs it is very important to understand the biochemical mechanisms of
the accumulation of protein and oil in soybean

A positive correlation (P< 0.05) between free asparagine in developing cotyledons and protein
content in mature seeds of soybean was confirmed in comparisonof the 5 growingin the fieldcrops,
which is consistent with the hypothesis that the high protein content is determined in soybean
embryo ability to synthesize proteins from available nitrogen sources.

Probably, the level of asparagine, closely-controlled inembryo of high protein lines, can serve
as a metabolic nitrogen status signal in soybean seeds. The higher expression of asparagine
synthetase (ASNS,EC 6.3.5.4), the higher content of asparagine in developing soybean seeds, i.e. the
higher concentration of protein in the mature seeds. In other words, high levels of free asparagine
might be serve as a physiological marker associated with high protein content in soybean seeds.

The high content of total essential amino acids (EAA) was observed in the next varieties:
B48/232;ZR13; ZR38; B37/153; V10/1012; A8/2-2; A9-562, notably Phenylalanine, Valine,
Isoleucine.

Distinct positive correlation was established between the concentration of asparagine and total
amino acids in soybean samples.
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IDENTIFICATION OF GERMPLASM WINTER WHEAT FOR
RESISTANCE TO YELLOW AND LEAF RUST

A.K. Madenova, A.M. Kokhmetova, M.N. Atishova, K. Galymbek, Zh. Keishilov

Institute of Plant Biology and Biotechnology, Almaty, Kazakhstan

One of the main reasons for the high yield losses of grain Kazakhstan is the intensive
development of fungal diseases. Yellow (Puccinia striiformis f. Sp. Tritici) and leaf (Puccinia
recondita Rob.et Desm f. Tritici Eriks) rusts are the most widespread and dangerous diseases of
wheat and are the major factor that adversely affects wheat yield and quality and causes
considerable economic damage. To avoid economically significant crop losses from plant diseases,
it is necessary to use genetically resistant varieties. A set of promising lines of breeding nursery
(SP-1) as objects of this study was used. With the help of molecular markers csLV34, WMC(C44,
Ventriup/LN2 breeding lines were screened for presence of resistance genes to yellow and leaf rust.
The STS marker, csLV34 that maps 0.4 cM from Lr34, and was validated in many lines and
cultivars from different breeding programs worldwide (Lagudah et al., 2006). Another rust
resistance genes Lr37, Sr38 and Yrl7 are located within a segment of Triticum ventricosum
chromosome 2NS translocated to the short arm of bread wheat chromosome 2AS (Helguera et al.,
2003). The 259-bp PCR product from primers VENTRIUP-LN?2 is a dominant marker and therefore
cannot differentiate heterozygous from homozygous 2NS individuals. The AFLP marker to map
Lr46 on the distal end of 1BL (William et al., 2003). The Lr46 was tightly linked or pleiotropic to a
stripe rust resistance gene designated Y729. The tight linkage of a slow rusting gene to a stripe rust
resistance gene was also found for the pair Lr34/Yri18. The marker Xwmc44 determined that the
microsatellite locus is located 5.6-cM proximal to the putative QTL for Lr46 (Suenaga et al.). As a
result of molecular screening, it was shown that 4 promising lines consist of both gene complexes
Lr34/Yrl8 and Lr37/Sr38/Yrl7. In four wheat lines the gene complex Lr34/Yrl8 was observed:
d.114 Novosibirskaya 22 x Omskaya 37 x 28-1, d.114 Novosibirskaya 22 x Omskaya 37 x 28-2,
d.114 Novosibirskaya 22 x Omskaya 37 x 28-3, 897F5#25 Madsen x Almaly x #60 BWKLDN-9.
In six lines genes Lr37/Sr38/Yri7 were identified: d.114 Novosibirskaya 22 x Omskaya 37 x 28,
d.114 Novosibirskaya 22 x Omskaya 37 x 28-1, d.114 Novosibirskaya 22 x Omskaya 37 x 28-2,
d.114 Novosibirskaya 22 x Omskaya 37 x 28-3, d.114 Novosibirskaya 22 x Omskaya 37 x 28-4,
897 F5#25 Madsen x Almaly x #60 BWKLDN-9. Lr46/Yr29 genes in two lines were identified:
d.1777 Daryax1724 F1 1581x (d.807 F4 (Naz x Umanka)xAlmaly) x Zimorodok, #78 and 897
F5#25 Madsen x Almaly x #60 BWKLDN-9. Thus, molecular analysis allowed identify carriers of
Yr- and Lr-genes, effective to yellow and leaf rust of wheat in our region. Identified sources of
resistance to yellow and leaf rust recommended as donors in breeding programs to improve rust
resistance of wheat.

This work was financially supported by the Ministry of Education and Science Republic of
Kazakhstan, research project grant funding Ne2120 and by the Ministry of Agriculture RK, research
grant NeO0721.
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JOINT EFFECT OF GROWTH STIMULATOR OF PLANTS C-2
AND EMI EHF ON PEROXIDASE TOTAL ACTIVITY OF WHEAT
SEEDLINGS

A.V. Nerkararyan, L.A. Minasbekyan, M.A. Shahinyan

Yerevan State University, Faculty of Biology, Department of Biophysics, Yerevan, Armenia
e-mail: m.shahinyan@ysu.am

Plants are appropriate models compared to animals for realization of different kinds of

experiments: they are immobile and therefore keep a constant orientation in the EMF and their
specific scheme of development makes them ideally fitted to intercept electromagnetic field.
Electromagnetic field exposure alters the activity of several enzymes, including those of reactive
oxygen species (ROS) metabolism, a well-known marker of plant responses to various kinds of
environmental factors [1, 2].
It was shown that the irradiation of wheat seedlings in range of 49-53 GHz impacts on peroxidase
(PO) total activity change during growth process. The change of III class PO total activity can be
judged by activity of 10 genes encoding enzyme synthesis [3]. Peroxidase possesses a pronounced
polymorphism. Presence of number of isoforms permits it working in different conditions and
realizing various functional loads [3].

Series of experiments directed to PO activity studies of wheat seedlings exposed to joint
effect of growth stimulator C-2 [4] and electromagnetic irradiation with extremely high frequencies
(EMI EHF) has been carried out.It was shown that pre-plant treatment of wheat seedlings by C-2
growth stimulator leads to increasing of PO total activity in seedlings up to 6™ day of germination,
while in control samples the enzyme activity gradually decreases. At combination of stimulator and
irradiation effects the following scene is observed: PO total activity increases up to 31 day of
germination, then it decreases.

Similar regularity is observed in all variants of experiment. It was shown that the combination of
physical and chemical factors preserves the common tendency; moreover the value of organism
response to the effect depends on EMI frequency.

In the first days of growth the wheat seedlings perform higher sensitivity to the irradiation
than to stimulator. It indicates that EMI EHF is a factor stimulating the growth. PO total activity
decreasing in seedlings exposed to joint effect of chemical and physical factors compared to
treatment of variants by only stimulator indicates that the irradiation acts as stress factor for plant.
That is why in organism processes occur directed to stressor factor weakening.

1. Vian A., Davies E., Gendreud M., Bonnet P. Plant responses to high frequency electromagnetic fields.
BioMedRes. Int., v. 2016, 2016, p. 1-13.

2. BalmoriA. Electromagneticpollutionfromphonemasts. Effectsonwildlife. Pathophysiology, v. 16, N2-3,
2009, p. 191-199.

3. Duroux L., Welinder K.G. The peroxidase gene family in plants: A phylogenetic overview. J. Mol. Evol.,
v. 57,2003, p. 397-407.

4. Safrazbekyan E.E., Nerkararyan A.V., Kazumoev N.B. Amarant in Armenia. New and non-traditional
plants and perspectives of their usage. V intern. Symp., June 9-14, 2003, Pushchino, Russia, p. 83-85.
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HIGH MOLECULAR WEIGHT GLUTENIN SUBUNITS IN COMMON
WHEAT LINES WITH ALIEN GENETIC MATERIAL INTROGRESSION

0.A. Orlovskaya, L.V. Milko, L.V. Khotyleva, A.V. Kilchevsky

Institute of Genetics and Cytology, National Academy of Sciences of Belarus, Minsk, Belarus

e-mail: O.Orlovskaya@jigc.by

Nowadays, the world pays great attention to the development of the initial material for wheat
breeding, including on the basis of the original sources of genetic plasma. It is known from the data
in the literature that some species of Triticum genus contain new alleles of high molecular weight
glutenin subunits (HMW-GS), which may positively affect wheat bread-making qualities. HMW
glutenins are known to be encoded by genes in G/u-1 loci located on long chromosome arms of the
first homeologous group. In view of this, by use of molecular markers we evaluated the allelic
composition of Glu-1 loci in 11 common wheat lines with the introgression of 7. dicoccum,
T. dicoccoides, T. spelta genetic material and their parent forms. Parent wheat varieties contained
Glu-Alb allele. Glu-Ala allele was found in 7. spelta and T. dicoccoides. For T. dicoccum, we
failed to identify specific for soft wheat alleles that indicates the presence of specific for this species
alleles by Glu-A1 locus. Glu-AI locus of hybrid lines contained both parent variety alleles (27,3%)
and the alleles of wheat relatives (72,7%). When assessing the protein quality, subunits 1 and 2 *,
encoded respectively by Glu-Ala and Glu-A1b alleles, are assigned the maximum for a given locus
3 points to. Since two genes (x- and y-types) are normally expressed in Glu-BI locus, we were
identifying the alleles for each of them. Bx6 gene was identified only in 7. spelta, which passed to
the lines developed with its participation. The other analyzed genotypes contained Bx7 gene. C-
allele, encoding a pair of subunits 7+9 (2 points), is specific for all parent wheat varieties by Glu-B1
locus. In the studied 7. dicoccum sample, we identified Glu-BIb allele, which determines the
presence of subunits 7+8 (3 points). This allele was also identified in three lines with the
introgression of 7. dicoccum genetic material that improved their bread-making capacity as
compared to the parent wheat variety. For 7. dicoccoides and T. spelta, we failed to identify the
allelic composition of y-type gene by the primers, identifying the specific for common wheat
alleles. This indicates that these samples of wheat relatives are carriers of new By gene alleles. For
the majority of the studied by Glu-B1 locus hybrids, we identified the allelic variants specific for
wheat relatives — 63,6%. In the studied hybrid material, we identified two allelic variants of Glu-D1
locus: Glu-Dla (2 points) and Glu-D1d (4 points). 54,5% of introgressive lines contain the most
valuable in dough quality Glu-D1d allele and 45,5% contain Glu-D1a allele.

The studied wheat lines with the introgression of alien genetic material contain alleles of Glu-
1 loci, specific for wheat varieties with good grain quality. The frequency of favorable Glu-A1b
allele amounted to 27,3%, Glu-B1b — 27,3%, Glu-Blc — 36,4%, and Glu-D1d — 54,5%. In addition,
for 63,6% of lines, except for high molecular weight subunits of glutenin alleles identical to
common wheat, we identified new alleles of wheat relatives (7. spelta, T. dicoccoides, T.
dicoccum). New alleles are a source to enlarge the gene pool of wheat, determining bread-making
qualities, and are of interest for further study.
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FLOW CYTOMETRY FOR IDENTIFICATION OF PLANT GENOMIC
RESPONSE IN ECOLOGICAL STUDIES

Isaak Rashal, Dace Grauda, Nikole Krasnevska, Inta Belogrudova,
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Institute of Biology, University of Latvia, LATVIA
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Ecological studies of plants, including endangered plant species in natural conditions and
different types of plants growing in the urban environment, are among fast growing natural research
fields. Growing plants are subject to the influence of different types of biotic and abiotic stresses.
Depending of the stress character plant response could be cell damage, increase of cells oxidative
stress, changing level of endopolyploidy etc.

The flow cytometry is a powerful investigation method on the cellular level, because it is
based on measurement of relative cell fluorescence what reflected cell conditions. In ecology
studies flow cytometry is used to determine cell ploidy and gender, to sort living cells from
apoptotic, counting fluorescent nanoparticles, and to detect an overall impact of various factors on
cells by examining cell self-fluorescence. Flow cytometry is a biophysical technology employed in
cell counting, cell sorting, biomarker detection, and protein engineering. Flow cytometry works
through suspending cells in a stream of special fluid, exciting them by laser light and passing them
through a detection device. It allows making multiparametric (up to 20 parameters) analysis of
thousands of cells per second.

In our laboratory we used BD FACSJazz® cell sorter (BD Biosciences, USA) with flow
cytometer function to measure the relative fluorescence of plant cells. For cell excitation the 488 nm
Coherent Sapphire Solid State (blue) laser are applied. Cells’ relative fluorescence was measured at
530 nm and 585 nm. The information of mean fluorescence intensity from the purified cell
suspension samples was recorded. Preliminarily, multiple gate sizes and shapes were tested to find
the one with the lowest CV. Using flow cytometer BS FACS Software 1.0.0.650 cells plot was
construed to determine the densest part that was later gated using oval-shaped gate. The gate
included from 95 to 99% of all target cells.

Different naturally and in urban conditions growing plant species — Siberian ligularia
Ligularia sibirica, lime trees Tillia cordata, white clover Trifolium repens, were included in
investigations. In they turn, in experimental conditions influence of such factors, as the low
frequency (50-60 Hz) electromagnetic field, UV irradiation and SiO, nanoparticles were studied on
the cellular level in different types of plant tissue cultures of several species — lime trees (7illia
cordata), cyclamen (Cyclamen persicum), wheat (Triticum aestivum), barley (Hordeum vulgare),
flax (Linum usitatissimum).

Our experience showed that the flow cytometry is an excellent method to define cell changes
impacted by diverse factors. Some results of investigations using flow cytometry will be shown in
the presentation.

Investigation was supported partly by the Latvian State Research Programme “EVIDEnT”
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THE CREATION OF DROUGHT-RESISTANT WHEAT SAMPLES USING THE
METHODS OF CLASSICAL GENETICS, TRADITIONAL AND MARKER SELECTION

AL Sedlovsky, L.N. Tjupina, A.1. Tjezhenova, M. Atishova

'Institute of Plant Biology and Biotechnology, Almaty, Kazakhstan
e-mail: gen_sai@mail.ru

The use of interspecific crosses one of the ways to create caltivars of wheat with high grain
quality and resistance to stressful conditions. As objects of research in the work used wild relatives
of wheat Triticum spelta (2n = 42 BAUD), Triticum macha (2n = 42 BAUD), Triticum dicoccum
(2n = 28 BAU), Triticum turgidum (2n = 42 BAU), Triticum Kiharae (2n = 42 GAbD), Triticum
compactum (2n = 42 BAUD), Aegilops triaristatum, wheat-pyrejnyj hybrid Agropirum glaucum,
samples obtained from distant hybridization (80 samples) and promising samples that are in the
final stages of the breeding process (41 samples).

To identify promising samples of wheat obtained from interspecific and intervarietal crosses
of interest for breeding for drought tolerance, conducted laboratory evaluation of the degree of seed
germination on solutions of sucrose. In addition held cytogenetic characteristic control of drought
on the basis of the development of the male gametofita and plasmolysis of pollen grains associated
with drought. In the course of work carried out a comprehensive assessment of the agronomic and
physiological, because resistance caltivars varies significantly influenced by external conditions. In
this regard, studies have been conducted in conditions of flat-steppe zone of Almaty oblast is
KazNIIZiR (irrigation and rain-fed von-poluobespechennajabogara and Karoy).

The evaluation samples from populations of distant hybrids highlighted potentially more
drought-tolerant designs and created collection of high-yielding, drought-resistant samples.
Prospective samples evaluated under field conditions (using morphological markers that correlated
with drought-tolerance-length podkoloskovogo internode, stem blight, gaining strength,
vypolnennost' grain, grain quality, plant height, weight of 1000 grains). Based on the results of the
tests in conditions of dry-unsecured Karoypoluobespechennoj, dry and watering these
samplesvyvleny the best performance to productivity with Piazza during the four years of testing at
each point. The sample 1214 (Ljutescens-1272 x Saratov-70) on the productivity of Karoe reached
15.5 centner/ha, bogare — 27.7 centner/ha for irrigation — 40.8 centner/ha. The sample 1148 (Virgin-
60 x Zhenis) productivity at Karoe was 15.8 centner/ha, bogare — 30.0 centner/ha and watering —
40.7 centner/ha. Score samples in kennel Competitive trials under conditions of irrigation and
rainfed conditions, Karoy allowed select samples of intensive type. Selected master responded well
to the moisture and fertilizer. In the conditions of irrigation and rainfed conditions Karoy 1148
samples and 1214 exceeded standard on productivity from 3 up to 6 t/ha. that testifies to their
plasticity. Selected samples transferred to Control kennel and environmental testing. A study of the
stability of perspective samples of allocated citogenetic samples 738/2713/SP-1 Zhenis x Aegilops
triaristatum and 783/1269/SP-1 Zhenis x Aegilops triaristatum, who observed cytological
uniformity of plants.

Molecular screening of perspective samples of wheat for the presence of rye translocation
IBL/IRS characterizes drought resistance revealed specimens 2713 SP-1 Zhenis x Aegilops
triaristatum, 1269-1 Zhenis x Aegilops triaristatum, 1258/09 Icarus x Tr. macha, 1236 Virgin-60 x
Zhenis, 526-1 Steppe-16 x Akmola-2.

The creation of drought-resistant wheat cultivars using germplasm of wild relatives with the
holding of laboratory evaluation on the degree of germination on solutions of sucrose with
conducting cytogenetic monitoring and assessing drought indicator FL based on the plasmolysis
pollen grains associated with drought, and then their field test in stressful conditions and
widespread use of environmental assessment perspective samples allows you to emphasize drought-
resistant designs.
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PI-LAMP ASSAY FOR DETECTION OF ERWINIA AMYLOVORA IN
DIAGNOSIS OF FIRE BLIGHT
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Erwinia amylovora, a Gram-negative Enterobacterium, is the cause of fire blight in more than
200 species of the Rosaceae family, including economically important cultivars, such as pear and
apple. Fire blight is one of the most serious diseases inpome industry worldwide. Treatment with
antibiotics causeemergence of resistant strains and has unknown environmental hazards, therefore
the most effective measure against fire blight is eradication of already infected plants and
prevention of pathogen dispersal. Such drastic measures can lead to substantialeconomic damage.

LAMP (loop-mediated isothermal amplification)assay isa useful tool forrapid, accurate and
cost-effective diagnosis of infectious diseases. The assay is faster and several times more sensitive
than conventional PCR. It can be performed in field and application of cheap fluorescent DNA-
intercalating dyes such as propidium iodide (PI)in LAMP allows to simply visualize results under
UV-light.

Aset of 4 primers were designed for LAMP assay specific to unique DNA sequence in E.
amylovora genome. The target site was selected on basis of genome-wide alignment of DNA from
19 different bacterial pathogens of apple trees, including Bacillus spp., Pseudomonas spp., Erwinia
spp., etc. Specificity of the assay was tested on DNA isolated from pure cultures of E.amylovora. A
range of reaction parameters including temperature, DNA concentration and reaction time were
tested in process of determining optimal conditions. The optimum temperature of the reaction was
identified as 55°C. The assay had detection limit of 7 to 10 copies of E.amylovora DNA with a 60-
min incubation time, whereas PCR with internal primers detected about 750 copies. Resulting
amplicons are visualized under UV-light by adding of 0.1 pg of PI toreaction tubes.Isolates from 45
apple trees from a local orchardwere analyzed using the LAMP method. About 75% (34/45)
oftested samples were positive in LAMP analysis for presence of E.amylovora, though only 40%
(18/45) of samples exhibited visible symptoms of fire blight in last 5 years.These results indicate
that the PI-LAMP assay is a simple, convenient and sensitive diagnostic tool for fire blight.
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RESULTS OF THE USE IN THE CROSSBREEDING OF REGENERANTED
SOFT SPRING WHEAT FOR RECEIVING A NEW SOURCE MATERIAL
OF WHEAT IN NORTH KAZAKHSTAN

A. Turganbayeva, A. Kakimzhanova, G. Shek, Zh. Zhanybekova, K. Ortaeva

National Center for Biotechnology, Astana, Kazakhstan

The climatic conditions of Northern Kazakhstan differ by large contrasts of the temperature
and water regime during the vegetation period and high insolation. To increase the stability of
yields of spring soft wheat as the main export culture of Kazakhstan, it is necessary to create new
more plastic varieties on the basis of modern methods of genetics, biotechnology and selection. The
increase in the plasticity of new varieties is possible with the combination in the genome of such
contradictory properties as drought resistance and moisture resistance, heat resistance and
endurance to high humidity at low temperatures, high regenerative capacity of plants after stressful
situations (droughts, frosts, high insolation, salinity).

For the successful cultivation of bakers wheat, it is necessary to expand the adaptive
capacity of the genotype of spring soft wheat, which is possible in the process of cell selection and
recombinant genetic selection in the process of hybridizing of regenerant lines between themselves
and with the best varieties.

The aim of the research was to hybridize hybrids, regenerants, varieties, and then to use F1
of complex hybrids obtained in hybridization experiments with each other. The aim was to increase
the recombination of various complex genotypes obtained by hybridization, cell selection and
haploidy to enhance the adaptive capabilities of the new spring soft wheat.

The subjects of the study were hybrids, regenerants from selective media (PEG-6000,
mannitol, NaCl, culture filtrate from Alternaria alternata.

In our studies, in 2015-2017, 101 crosses of regenerants and hybrids between each other
and the best varieties of Kazakhstan and Siberia were conducted in the field and in the greenhouse.
In parallel, the possibility of obtaining haploid plants by in vitro culture of immature anthers was
studied. As a result, positive results were obtained on the induction of haploid structures both from
the anthers, and from wheat ovaries.

The percentage of success of crosses ranged from 3.1 to 92.3%, depending on the genotype
of the components of crossing and weather conditions. The yields of new forms from the total
number of explants averaged 16.1% and varied from 4.6% to 42.5%.

The most plastic hybrids in crosses (the percentage of success of crossing more than 40%)
were 209/99, T.spelta/Pyrotriks 28, 35/06, 212/99, varieties - Tselinnaya 3S, Astana. The highest
percentages of crosses were regenerants of spring soft wheat: Akmola field with 5% A.a. No. 5-1,
92/82-4 with 2% mannitol No. 1-1, 118/94-1 with 3% A.a. No.4-2, T.spelta/Pyrotriks 28 with 2%
PEG No. 1-2, 'In memory of Aziev” with 2% mannitol No. 1-2, 42/03 with MS — 2,5% PEG No.
1-1, 118/94-1 with 10% A.a. No. 2-2, 475/94-1 with 0.3% NaCl No. 6-1, 467/97 with 2% PEG No.
4-1-1.

Obtained F1 hybrids were crossbreeded to study and select hybrids of complex origin to
enhance the adaptive genetic capabilities. From the obtained hybrid material F2, more than 2000
elite ears were selected, which will be tested in the field in the breeding nursery.

Thus, a new source material of spring soft wheat has been obtained, which is a complex
hybrid nature and is promising for further selection to produce novel variety of wheat.
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GENOTYPING OF SPRING HEXAPLOID WHEAT COLLECTION
FROM KAZAKHSTAN USING Vrn, Ppd and Eps GENES

Y. Turuspekov ', K. Yermekbayev ', S. Griffiths °

1 — Institute of Plant Biology and Biotechnology, Almaty, Kazakhstan
2 — John Innes Centre, Norwich, UK

Vernalization, photoperiod, and earliness per se genes are major genetic factors determining the
adaptation of wheat to different ecological niches. In this study the collection of 96 commercial
cultivars and promising lines of spring wheat from Kazakhstan were genotyped by a set of Vrn,
Ppd, and Eps genes. The studied spring wheat panel consisted of 96 released and prospective
cultivars from Kazakhstan. Currently, 40 cultivars from Kazakhstan and 21 cultivars from Russia in
this genetic panel have been registered through the State Seed Trials Commission of the Republic of
Kazakhstan (2015), and grown officially in Kazakhstan. The panel also included 19 and 10
prospective cultivars developed in Kazakhstan and Russia, respectively. Kompetative Allele
Specific PCR (KASP) assays were run using LGC Genomics instructions. In Vrn loci the alleles
Vrn-Ala and Vrn-A1b were determined using markers wMAS000033 and wMAS000035. The Vrn-
B1 alleles were identified using dominant wMAS000036 (Vrn-Bla/Vrn-B1b) and co-dominant
wMASO000037 (Vrn-B1b) markers, and the Vrn-D1 was distinguished using wMAS000039. Three
KASP makers were used to identify photoperiod sensitive alleles in Ppd-A1 (wWMAS000029,
wMAS000030, wMASO000031), one for Ppd-BI (wMAS000027), and three for Ppd-DI
(WMAS000024, wMAS000025, wMAS000025). Three KASP markers (TAFT3-Al, TaFT3-Bl,
TaFT3-D1) were evaluated for Eps loci. The study revealed very little variation in the collection
using all three analyzed groups of genes (Vrn, Ppd, Eps). The results suggest that wheat genetic
material in Kazakhstan is very much fixed and more research is required for understanding of plant
adaptation using alternative allelic combinations in various regions of this country.

The study supported by ADAPTAWHEAT project funded by 7" EU FP and grant number
1784/GF funded by the Ministry of Education and Sciences of the Republic of Kazakhstan
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USING OF WHEAT WILD RELATIVES (AEGILOPS L.) DIVERSITY
FOR BALANCED USE

M.A. Yessimbekova, Abugalieva A.1., Mukin K.B.

Kazakh Research Institute of Agriculture and Plant Growing, Almaty, Kazakhstan

Email: minura.esimbekova@mail.ru

Most species of the genus Aegilops L. are resistant to fungal diseases. According to the
materials of expeditions investigated the territory of Kazakhstan for rust infection has been found
that some populations of genus Aegilops L. were infected with yellow rust (Puccinia striformis) one
of the aggressive wheat diseases in Central Asia up to 80-100%. On plants of this species takes
place preservation and formation of these rust species races. 38 local populations Aegilops L.
(cylindrica, tauschii, triuncialis, crassa) gathering from 25 districts of Kazakhstan were studied on
an artificial infectious background. 29 local populations of Ae.triuncialis and Ae.tauschii showed
resistance (R) to yellow rust, 8 accessions were resistant (R - MR) to stem rust.

Large differences in the protein content of grain have been reported in wheat wild relatives.
Among local population of Ae.triuncialis and Ae.tauschii were selected accessions with protein
content in the grain up to 19%. According to the content of starch in the grain variability magnitude
ranged from 53,5% (Ae.triuncialis) to 56,2% (Ae.tauschii). It was allocated 25 accessions according
of high 1000 kernel weight (=50,0 g); 3 accessions as early maturity (the period before heading -
133-136 days).

Analysis of the gliadin spectra showed heterogeneity and significant polymorphism of protein
composition. In general, electrophoretic spectrum was presented by all gliadin zones, more
components enriched in ® zone. For 20 accessions marked depletion of components or absence a-
zone. For each genotype composed of gliadin formula, this proved its specificity.

The screening data base of Aegilops L. local populations ex situ collections, reflecting both
within and between species diversity has been formed for useful traits.
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INFLUENCE OF SALT STRESS ON BIOCHEMICAL PARAMETERS OF
WEIGELA FLORIDA «VARIEGATA» MICROCLONES AND SUGAR BEET
HYBRID COMPONENTS

0.A. Zemlyanuhina, N.N. Cherkasova, T.P. Zhuzhzhalova, V.N. Kalayev, V.S. Voronina

Federal State Budgetary Educational Institution of High Vocational Training “Voronezh State
University” (FSBEI HVT “VGU”)

For long-term three-stage adaptation to salt stress, microclones of Weigela florida
«Variegata» and microclones of sugar beet main components (male sterility fixer — a plant normal
cytoplasm and genetic sterility (MS; NZZXX), and a female plant with cytoplasmic male sterility
(RF; SZZXX)) were used. Mathematically reliable changes in specific activity of enzymes of
different metabolic cycles were studied. They were: peroxidase (PRX; E.C. 1.11.17); NADP-
glucose-6-phosphate-dehydrogenaze (G6PDH; E.C. 1.1.1.49); NADH-dehydrogenaze (NADHDH;
E.C. 1.6.99.1). Besides, two of four enzymes of malate dehydrogenase complex in tricarboxylic
acids cycle, i.e. NADH-malate-dehydrogenase (MDG; E.C. 1.1.1.37) and malic enzyme (ME; E.C.
1.1.1.39), as well as isocitrate lyase (ICL; E.C. 4.1.3.1) — cytoplasmic enzyme functioning outside
glyoxisomes were studied. Adaptation scheme consisted in putting plants into semi-lethal
concentration of salts; 10 days later, they were transferred to control media for 30 days to recover.
The long-time adaptation within three passages on selective medium using the same plants lasted
120 days. The results showed that plants of Weigela and sugar beet were much different in
metabolic response to salt stress. Throughout the experiment, activity of peroxidase stress enzyme
increased 1.3 times in Weigela plants, 2.4 times in microclones of MS-form sugar beet and 3.4
times in RF-form as compared to the control. NADP-glucose-6-phosphate-dehydrogenaze activity
of Weigela clones showed a 2.5-fold decrease at the beginning of the experiment, but, by the end of
120 day, it achieved the control plant level. In sugar beet, both of MS- and RF-forms, enzyme
activity did not depend on salt. Salinization did not influence upon activity of isocitrate lyase in
plants of Weigela throughout the experiment. As for sugar beet forms, increase of the enzyme
activity by 1.7 times for MS and 1.5 times for RF was registered. Specific activity of NADH-
malate-dehydrogenase in adapted plants of Weigela is 1.4 times less than in the control ones. Salt
does not influence upon the enzyme of MS-form, and activity of the RF-form enzyme shows 1.3-
fold decrease. Salt stress does not influence upon NADH-dehydrogenaze of Weigela, but reduces
the enzyme activity by 1.2 times in MS and 1.6 times in RF. Sugar beet is among the plants actively
accumulating oxaloacetate. Functioning outside glyoxisomes isocitrate lyase plays the main role in
this process. Besides, different action of malate dehydrogenase and malic enzyme in Weigela has
been shown: in the course of ontogenesis, the malate dehydrogenase enzyme activity increases 9-12
times both in experimental and control plants, and activity of malic enzyme shows 2-fold (control)
to 5-fold (experiment) decrease. For sugar beet plants, such phenomenon is not observed. It can be
assumed that basic enzymes in adaptation reactions of Weigela plants are glucose-6-phosphate-
dehydrogenase and complex of malate dehydrogenase and malic enzyme and, in plants
accumulating oxalic acid, such an enzyme is isocitrate lyase. It has been shown that process of
adaptation to salt stress is a multiple-factor one consisting, at least, of three-four components. It has
been shown for the first time that free proline content was decreased below control plans becoming
similar in vivo ones.
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HIGH THROUGHPUT GENOTYPING FOR PLANT RESEARCH
AND BREEDING

M.W. Ganal, E.-M. Graner, A. Polley, J. Plieske

TraitGenetics GmbH, Gatersleben, Germany
e-mail: ganal@traitgenetics.de

Array-based genotyping has become an important tool for diversity analyses, genetic mapping
and plant breeding. TraitGenetics has been involved in the development, characterization and
optimization of a number of genotyping arrays for important diploid crop plants such as
maize, tomato, barley, sunflower and others. We have also been involved in the array
development for allotetraploid oilseed rape (Brassica napus), cotton, and allohexaploid wheat.
In many cases, we have analyzed large sets of varieties within internal projects using such
genotyping arrays. We demonstrate the use of such marker databases for the generation of
optimized marker sets based on technical quality, distribution along chromosomes, allele
frequency and haplotype data. Such arrays containing a selected marker set provide non-
redundant data at very low costs for genomic selection, association analysis, marker-assisted
backcrossing, variety identification and material characterization. Examples for the
continuous improvement of such optimized arrays with new highly polymorphic markers and
genes for candidate genes are also presented.
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GREEN GOALS AND GREEN TECHNOLOGIES IN PLANT BREEDING
FOR GLOBAL FOOD SECURITY: THE RICE MODEL

Qifa Zhang

National Key Laboratory of Crop Genetic Improvement, Huazhong Agricultural University,
Wuhan, China

Email: qifazh@mail.hzau.edu.cn

In the past half century, production of major food crops in the world has kept pace with the
population increase. However, food production is still facing great challenges in the next half
century because of high demands in both quantity and quality, and ever increasing pressures on
resources and environments. Food production needs to be greatly increased to cope with the
population increase, while the environmental sustainability requires reduction of input including
chemical fertilizers, pesticides, water, labor and other resources. Increased awareness of the
relation between nutrition and health also requires crop products to better meet the need of
human population by producing more nutritious foods. The goals of plant breeding have to
evolve accordingly to address all these needs, which I refer to as “green goals”. In my
presentation, I will use rice as a model to describe the demands for increased production for
future needs, address the main issues that we have encountered as challenges, present current
progress in rice genomics research, and provide examples and prospect on how the advance in
research can be translated into technologies for rice genetic improvement especially for
developing resource saving and environment friendly varieties (green technologies).
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INTEGRATIVE BIOINFORMATICS APPROACHES FOR CELLULAR
INTERACTOME MODELLING OF RICE

Ming Chen

Department of Bioinformatics; State Key Laboratory of Plant Physiology and Biochemistry,
College of Life Sciences, Zhejiang University, Hangzhou, China

e-mail: mchen@zju.edu.cn

Multi-omics data brings us a challenge to develop appropriate integrateive bioinformatics
approaches to model complex biological systems at spatial and temporal scales. In this talk, we
will describe multi-omics data available for rice cellular interactome modeling. Biological
networks on multiple levels such as gene regulations, protein interactions, noncoding RNA
regulations and metabolic reactions are reconstructed. A systematic identification and
quantification of rice proteins in various tissues and organs are introduced. To better understand
the interactions of proteins in rice, we developed PRIN, a predicted rice interactome network.
We presented a novel integrative approach (PSI) that derives the wisdom of multiple
specialized predictors via a joint-approach of group decision making strategy and machine
learning methods to achieve better prediction results of protein subcellular localization. A
genome-wide multiple level of interactome model of rice is integratively built. Furthermore, a
database RiceNetDB is developed for systematically storing and retrieving the genome-scale
multi-level network of rice to facilitate biomolecular regulatory analysis and gene-metabolite
mapping. A virtual rice cell model in three dimensions will be developed via international
collaborations. Our goal is to build such a whole plant cell model that can describe how
phenotype arises from genotype.
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EVALUATING GENETIC DIVERSITY OF DURUM AND BREAD WHEAT
GENOTYPES USING NEXT GENERATION SEQUENCING

Mehraj Abbasov', Zeynal Akparovl, Naib Aminov', Khanbala Rustamov’,
Fatma Sheykzamanoval, Sveta Rzayeval, Robert Bowden 2,

John Raupp °, Sunish Sehgal’, Bikram Gill*

! Genetic Resources Institute of ANAS, Baku, Azerbaijan
2 USDA-ARS Hard Winter Wheat Genetics Research Unit, Manhattan, KS

3 Department of Plant Pathology, Kansas State University
* Department of Agronomy, Horticulture & Plant Science, South Dakota State University

The bread wheat (Triticum aestivum, 2n=6x=42)) genome, 17 GB size and 124,201 genes, is
considered to be one of the largest and the most complex genomes among crop plant species; it is
also a polyploid consisting of three different subgenomes (AABBDD). De-novo and re-sequencing
are both extremely complicated processes and require detailed bioinformatic data analyses. The
genotyping-by-sequencing (GBS) is based on simplifying the complexity of genomes using
restriction enzymes with no requirement for a reference genome for detecting SNPs. We used GBS
for genotyping durum wheat (T. turgidum, 2n=4x=28, genomes AABB) and bread wheat
accessions. Eighty-two durum wheat accessions belonging to 13 botanical varieties, mainly from
Azerbaijan and Central Asia, were genotyped. We identified 1,058 SNPs with less that 50%
missing data and studied the genetic variability in 71 accessions of Triticum turgidum ssp durum. A
dendrogram was constructed that classified genotypes from the same plant variety into congenial
clusters. Improved varieties of Azerbaijani origin were genetically close in contrast with the
relatively different U.S. durum cultivar Langdon. We genotyped 102 accessions of Triticum
aestivum using GBS and 411 SNPs with less than 50% missing data were used for diversity
analysis.

101



PlantGen 2017. Session 3. Genomics, Phenomics, and Bioinformatics Oral Session

PECULIARITIES OF LYCOPENE B-CYCLASE GENES EXPRESSION,
DEPENDING ON THE COMBINATIONS OF ALLELES THAT DETERMINE
THE ACCUMULATION OF PIGMENTS
IN THE SOLANACEAE

0O.G. Babak, N.A. Nekrashevich, T.V. Nikitinskaya, K.K. Yatsevich,
A.V. Kilchevsky

The Institute of Genetics and Cytology, the National Academy of Science of Belarus; Minsk,
Belarus
e-mail: babak olga@mail.ru

Beta allele of CYC-B gene in tomato and LCY-B gene in sweet pepper encode synthesis of
chloroplast-specific lycopene [-cyclase that determine [-carotene accumulation in fruit.
Peculiarities of lycopene B-cyclase genes expression in the Solanaceae were studied in Solanum
lycopersicum and Capsicum annuum at early stages of fruit ripening. RT-PCR was performed on
Bio-Rad CFX96 thermocycler. The analysis of the transcript expression level was fulfilled by
BioRad CFX Manager 3.1 program.

The expression levels of CYC-B gene in tomato and LCY-B gene in sweet pepper were
evaluated depending on the combinations of fruit quality genes. The analysis was conducted in
tomato samples with B (control), B/nor, B/hp2, B/nor/hp2“ allele combinations in the
homozygous state, in sweet pepper samples with the following allele combinations: LCY-B/Y"
(control), LCY-B/norc/Y , LCY-B/Y"; LCY-B/norc/Y".

Mutations nor (non-ripening) and norc (nor capsicum) in LeNAC-NOR transcription factor
lead to inhibiting ripening in fruits. The effect of 4p2 mutant is characterized by an increase in the
number and sizes of chloroplasts that is the basis for an increase in the carotenoid synthesis in
tomato fruits during maturation. Y gene alleles encode bifunctional capsanthin-capsorubin synthase
enzyme (Ccs), its active allele (Y*) is involved in antheraxanthin to capsanthin and violaxanthin to
capsorubin conversion in pepper fruit. The absence of an active allele (Y)) in the genotype leads to
the accumulation of yellow pigments — violaxanthin and neoxanthin.

A decrease in the level of Beta allele expression by 1.73 times was found in tomato genotype
with nor allele. Adding /p2“ allele in the genotype resulted in the expression level increase by 1.55
times in B/hp”® combination, and by 1.37 times in B/nor/hpz‘lg combination as compared to the
control one. The data confirm a decrease of nor allele negative influence on the carotenoid synthesis
of tomato at genotype saturation with /p°*

It was shown that the expression level of LCY-B gene of sweet pepper in the control (LCY-
B/Y") is above 1.95 and 2.08 times, as compared to LCY-B/norc/Y and LCY-B/norc/Y" allele
combinations respectively, but by 1.82 times less than in LCY-B/Y" combination. This shows a
decline in the expression level of LCY-B allele under the influence of norc allele, and an increase of
the expression level in the presence of active Y allele.

allele.
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STUDY ON GENETIC CONTROL OF EARLY INFLORESCENCE
DEVELOPMENT IN BREAD WHEAT (7. aestivum L.) THAT DETERMINES
INFLORESCENCE ARCHITECTURE AND YIELD

0.B. Dobrovolskaya 1’2, K.I. Popova 1, Yu.L. Orlov 1’2, A.A. Krasnikov 3,
P. Martinek *

"Institute of Cytology and Genetics SB RAS, Novosibirsk, Russia
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3 Central Siberian Botanical Garden, SB RAS, Novosibirsk, Russia
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Features of plant inflorescences development can influence the formation of economically valuable
traits in important crops, which include bread wheat Triticum aestivum L. The inflorescence of
wheat is a spike with the main axis (spike rachis) carrying lateral sessile spikelets that are directly
attached to the rachis and a terminal spikelet. The study of the genetic factors that determine the
structural features of the spikelet, a reduced branch bearing the reproductive organs (the florets), is
important to understand the mechanisms underlying plant developmental processes and has obvious
practical importance. In wheat, difference in the number of fertile florets per a spikelet is
genetically determined by the level of ploidy and interspecific variability, but the genes that
determine this trait are currently little studied. The aim of our research was to identify genes that
control the development of the bread wheat inflorescence and affect the number of fertile florets in
a spikelet. To identify the genetic factors that determine the formation of the fan-shaped
“flabellum” multifloret spikelet in wheat, molecular-genetic mapping using the Illumina Infinium
15 k Wheat platform was performed. It was found that several genes located on chromosomes SAL,
2AS, and 4D control the formation of fan-shaped «flabellum» spikelet in wheat. Results of SEM
analysis showed that the formation of the "flabellum" spikelet was associated with the features of
spikelet development.

This work was supported by RFBR grants N 15-04-05371.

103



PlantGen 2017. Session 3. Genomics, Phenomics, and Bioinformatics Oral Session

CYTOGENOMIC PROBLEMS OF HETEROPLASMATIC HEXAPLOID TRITICALE
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Triticale (xTriticosecale Wittm.) is a successful synthetic allopolyploid between wheat and rye
with great productivity potential. Hexaploid triticale with the wheat cytoplasm (ssp. Triticale
Tscherm., "AABBRR, 2n=6x=42) is used in commercial objectives. However, the genetic potential of
the rye adaptability is incompletely realized in these triticale. We aimed to obtain the rye-wheat
amphidiploids with the rye cytoplasm — secalotriticum (ssp. secalotricum Rosenst., et Mittelst., syn.
secalotriticum, “RRAABB, 2n=6x=42) in order to achieve the balanced expression of the original
species genetic systems. Secalotriticum was created by hybridization of the tetraploid rye (RRRR,
2n=4x=28) to hexaploid triticale (T/ AABBRR, 2n=6x=42) followed by a single backcross of the rye-
triticale hybrids F; (*RRABR, 5x=42) to triticale. Here, triticale has been used as an intermediary
species (bridge species) — a source of the wheat genomes, and the inhibitor of the rye S-RNase,
allowing to overcome the one-way progamic rye-wheat incompatibility.

The bases of secalotriticum recombination potential are maximum preservation of hybrids F;
genotypic specificity and rye genomes heterogeneity of various origins as a result of a single backcrossing.
Formation of secalotriticum genome takes place on the basis of partially unreduced 21-chromosome
gametes (pUG) of pentaploids F; that have the balanced chromosomes set of parent species haplogenomes
(7(R) + 7(A) + 7(B)). The meiosis stability and genetic diversity of secalotriticum determined by the type
of cytoplasm and cytogenetic factors inherited from the genotypes of rye-triticale hybrids F;: mainly
desynaptic univalent origin, preservation of a unipolar orientation of the centromere and the first meiotic
reducing division, the second meiotic equational division and regular polar segregation of chromosomes.
Secalotriticum is characterized by the meiotic stabilization in Fs; (15,2-16,7% abnormal meiocytes on the
average) at the level of the original forms of hexaploid triticale (~4,6%) and tetraploid rye (12,9%) to 9,4%
in the F79. Recombination selection of secalotriticum is the most effective on the basis of rye cytoplasm
because crossing with triticale reduce stability. Secalotriticum is a source of stability for triticale meiosis.

The correct chromosomes segregation during meiosis of the hybrid plants is largely determined
by the structural and functional organization of parental centromeres. We analyzed the molecular
structure of a key protein of the centromeres — centromeric histone H3 (CENN3). This protein is
responsible for the kinetochore assembly and connection the chromosomes to the spindle at mitosis
and meiosis. The molecular structure of the wheat and rye CENH3s is characterized by a high level of
similarity, which achieves 99% under comparison between the rye cultivar “Verasen” and the triticale
cultivar “Mihas” on nucleotides and aminoacides levels. We were able to identify the specific
aminoacides in the structure of CENH3 that served as markers of the level of gene expression of the
parental forms in TSENN3 secalotriticum. It was found that the both parental forms of CENH3 are
synthesized in the genome of the hybrid plants. The level of the typical rye CENH3 transcripts of
secalotriticum corresponded to the level of transcription in the original cultivar "Verasen" and showed
a stable tendency to excess in comparison with the transcription level of the rye forms in triticale
cultivar "Mihas".

Thus, we have obtained a stable secalotriticum that is comparable to or exceed the original
triticale in terms of productivity, is characterized by a wider variability, and closer to rye in some
morphological characters. The results of the research are the theoretical and experimental
substantiation of breeding technology of secalotriticum.
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Grains morphometry in cereals is an important step in selecting new high-yielding plants. The
manual assessment of parameters such as the number of grains per ear and their size is laborious.
The solution to this problem is image-based analysis, which can be performed using a desktop PC.
The effectiveness of this analysis in the field can be improved through the use of mobile devices.
We propose a method for the automated evaluation of phenotypic parameters of grains using mobile
devices running the Android operational system. The experimental results show that this approach
is efficient and sufficiently accurate for the large-scale analysis of phenotypic characteristics in
wheat grains.

In this work, we present a mobile application, SeedCounter, for the Android platform that
enables the automated calculation of morphological parameters of wheat grains using mobile
devices "in the field” (conditions without computer facilities). The application estimates the number
of grains scattered on a sheet of A4, Letter, Legal, A3, A4, A5, B4, B5 or B6 paper and
morphological parameters such as the length, width, area, and distance between the geometric
center of mass of the grain and the point of intersection of its principal axes.

The algorithm is implemented using the OpenCV image processing library and consists of
several steps: 1) Paper sheet recognition; 2) Grains identification; 3) Grains morphometry. Grain
recognition algorithm implemented on the Java programming language.

We conducted several seed counting tests under controlled lighting conditions and daylight to
estimate the software performance. We demonstrated that the SeedCounter’s performance enables it
to estimate the number of grains in the image and their sizes with high accuracy, but the
performance of the method is dependent on the lighting conditions.

The SeedCounter application is available on GooglePlay:
https://play.google.com/store/apps/details?id=org.wheatdb.seedcounter

The work supported by RFBR grants 16-37-00304, 16-34-00688.
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IN CEREALS
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Some crop species may have‘melanin-like’ black pigmentation of seed. Chemical nature of
this ‘melanin-like’ black pigmenthas not been explored yet, because of its complex structure and
with standing to almost all solvents. Identification of genetic networks participating in trait
formation is a key to understanding metabolic processes (and probably substances) involved.
Analysis of differentially expressed genes (DEGs) is necessary for this. Barley is a suitable model
for investigation of ‘melanin-like’ black pigmentation of seed. The Blp locus associated with black
pigmentation of lemma and pericarp has been mapped to the long arm of chromosome 1H, and
near-isogenic lines (NILs) for this gene are available.

At the first step we elucidated the involvement of the flavonoid biosynthesis pathway in
production of black pigment using NILs having different color of pericarp and lemma. Our data
demonstrated that none of the six flavonoid biosynthesis genes analyzed (Chs, Chi, F3h, F3’h, Dfr,
Ans) 1s expressed significantly in BLP (black lemma and pericarp), whereas these genes where up-
regulated in PLP (purple lemma and pericarp) line. It can be concluded that neither anthocyanins
nor any other flavonoids participate in black pigmentation of barley grain.

At the second step, RNA-seqwas exploited for identification of genes differently expressed in
lemma and pericarp of the NILs having different alleles in the Blp locus.

Genes with high level of differential expression in BLP line were identified in following
pathways: wax esters biosynthesis, flavonol biosynthesis, 2,4,6-trinitrotoluene degradation,
cuticular wax biosynthesis, sphingolipid biosynthesis, cytokinin-O-glucosides biosynthesis. In the
report, these results are discussed in relation to putative mechanisms of black pigment formation.

This study is supported by the Russian Science Foundation (No 16-14-00086).
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THE APPLICATION OF GENOMIC INNOVATION IN PLANT

Jianbo Jian
BGI Genomics Co., Ltd, Shenzhen, China

With the development of sequencing technology and assembly software, most of the
important crop reference genomes have been finished. With the sequencing and analysis cost
decreased continuously, a new era of genomics is coming. More and more reference genomes will
be updated based on comination technology. We have successful experience in the Rice, the Maize,
the Soybean, the Wheat, the Lupin projects. Combined multiple components such as high-
throughput techniques, HIC, 10 X, cost-effective protocols, global integration of genetic and
environmental factors and precise knowledge of quantitative trait inheritance. The genetic maps of
many crops are getting increasingly dense; HapMap and GWAS (Genome Wide Association Study)
project have being done. All of those genomic technolgy would be a great innovation application in
plant.

Here, we obtained the lupin reference genome and re-sequencing nine representative lupin
cultivars.The re-sequencing data together with the reference genome sequence data were used in
marker development, which revealed 180,596 to 795,735 SNP markers from pairwise comparisons
among the cultivars. A total of 207,887 markers were anchored on the lupin genetic linkage map.
Marker mining obtained an average of 387 SNP markers and 87 InDel markers for each of the 24
genome sequence assembly scaffolds bearing markers linked to 11 genes of agronomic interest.
Using the R gene PhtjR conferring resistance to phomopsis stem blight disease as a test case, we
discovered 17 candidate diagnostic markers by genotyping and selecting markers on a genetic
linkage map. A further 243 candidate diagnostic markers were discovered by marker mining on a
scaffold bearing non-diagnostic markers linked to the PhtjR gene. Nine out from the ten tested
candidate diagnostic markers were confirmed as truly diagnostic on a broad range of commercial
cultivars. Markers developed using these strategies meet the requirements for broad application in
molecular plant breeding.
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TRANSCRIPTOME SEQUENCING AND GENE EXPRESSION PROFILING
OF WHEAT CELL CULTURE DURING TRANZITION TO SOMATIC
EMBRYOGENESIS
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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.e., 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-transcriptomesequencing
of wheat cell culture samples during induction of somatic embryogenesis. For this purpose the
transcriptomes of 7-days wheat (cv. Kazakhstanskaya-10)embryogenic callihave been compared
with samples of controlnonembryogenic tissues. Initial globular callus, cultured on MS media with
5,0 mg/l 2,4-D with normal level of mineral salts have been used as a control nonebryogenic
sample. Control variant were compared with globular callus, transferred forsomatic embryogenesis
induction on the nutrient medium with doubled concentration of salts and 5,0 mg/1 2,4-D.

All samples have been sequenced on next generation sequencing platform Illumina HiSeq.
27.31 GB of the nucleotides were generated as a result of sequencing. Sequencing reads were
assembled in 106084 unigenes with a total length of unigenes - 120,285,635 nucleotides and an
average length of 1,133 nucleotides. Indicator of GC-pairs content amounted to 50.45%. In the result
of bioinformatics analysis, 1808 differentially expressed genes have been detected, which can
beinvolved in early stage of somatic embryogenesis induction. Differentially expressed genes were
analyzed using genome of A.thaliana. It should be noted, that only 419 genes were identified among
974 genes with increased expression. Whereas only 403 genes were identifiedamong the 834 genes
with decreased expression.

Overall, transcriptome analyses of our novel model wheat system reveled genes associated with
dramatic phenotypic differences in our system. These genes will allow us to further dissect the
molecular interplay leading to our observed phenotypic states.

It is also interesting to note that our analyses identified many genes that are not in the database.
It is possible that these are wheat specific genes and these genes will provide a direct wheat target.
Our next step is to study these genes to understand their roles in more detail. We will also check
wheat reference genome for unrecognized gene sequences.

As phenomenon of somatic embryogenesis is appeared to be an extreme reaction to stress (D.
Dudits et al., 1995) leading to the surviving and propagation of living systems these studies will
eventually allow us to reveal genes responsible to stress resistance and high productivity. This, in
turn, will allow to produce better wheat crop that can be grown efficiently and in an
environmentally friendly manner in Kazakhstan.

This work performed in the framework of fundamental research program Ne(0149, Target
Program Funding, IPBB, Science Committee, Ministry of Education and Science, Republic of
Kazakhstan (2015-2017).
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GENOME SIZE VARIATION AND LONG TANDEM ARRAYS OF LTR
RETROELEMENTS IN PLANTS

R.N. Kalendar
National Center for Biotechnology, Astana, Kazakhstan
Email: ruslan.kalendar@mail.ru

Retrotransposable elements are widely distributed and diverse in eukaryotes and are a source for
considerable genomic variation through direct transposition and/or through ectopic (i.e. non-allelic
homologous) recombination events between transposable element copies, resulting in genomic
rearrangements. Recently, we have identified large, structurally uniform retrotransposon groups in
which no member contains the gag, pol, or env internal domains. These non-autonomous groups
have been named LARDs (LArge Retrotransposon Derivatives) and TRIMs (Terminal Repeats in
Miniature). The LARD and TRIM phylogenies mirror those of the host organisms for close and
distant species. Because of the lack of protein coding capacity, these groups are non-autonomous in
replication, even if transcriptionally active. Cassandra element belongs to TRIM. These
retrotransposons universally carry conserved 5S RNA sequences and associated RNA polymerase
(pol) III promoters and terminators in their long terminal repeats (LTRs). In this study, we
identified multiple and long tandem arrays for Cassandra retrotransposon within all studied plant
species and ferns, consisting at least 12 copies of repeated LTR and central part, typical as the
cellular 5S rRNA genes. Cassandra element is not unique in forming the tandem arrays, SINE
elements and as well as MITEs also form tandem repeats. Secondary structure Cassandra
retroelement forms super-loop, in which the two LTR complementary to each other and can initiate
local recombination, leading to multi-copy LTR and central Cassandra retroelement, this structure is
universal for all Cassandra retroelement of different species. We observed Cassandra
retrotransposon long tandem repeats in number of blocks distributed within all the chromosomes.
Our results suggest that recombination events are the cause of wide variation of Cassandra copy
number. It is therefore likely that Cassandra elements generate tandem repeats by multiplication
mechanism similar to 5S rRNA genes or the telomere tandem repeats. Some of the types of ectopic
recombination indicated the common occurrence of concerted events. Cassandra tandems arrays are
highly dynamic, and can be removed or appeared during meiosis and mitosis.

109



PlantGen 2017. Session 3. Genomics, Phenomics, and Bioinformatics Oral Session

HIGH-THROUGHPUT MICROSCOPY-BASED PHENOTYPING
OF POTATO STARCH GRANULES

Vadim K. Khlestkin
Institute of Cytology and Genetics SB RAS, Novosibirsk, Russia

Starch is an important organic feedstock easily available for human in industrial scale. Optimal
physical and chemical properties of molecules comprising starch and starch granule morphology
significantly vary in dependence on the technical scope. Molecular and supramolecular composition
and structure are genetically regulated and may be considered as traits for selection. Combining
genes in certain composition one may program potato plant to produce starch of predetermined
structure and properties.

However, chemical and physical properties of potato starch as traits for selection are most often
regulated by complicated gene network rather than single gene. In this work, we propose a high-
throughput method for potato starch granules morphology measurement, tested on a set of ~ 50
cultivars and hybrids. This economical, simple, and easily available method based on
microphotography and computer image analysis allows performing quick analysis of starch
granules distribution by size and circularity with limited amount of starch. This method is suitable
for phenotyping of large panels of potato cultivars used in genome-wide association studies
(GWAS) or mapping populations in order to find QTLs related with starch granules. The proposed
method also can be used for high-throughput phenotyping of hybrids during the breeding process
aimed on development of cultivars for certain industrial starch application.
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GENETICS AND OMICS APPROACHES TO BETTER UNDERSTANDING
REGULATION OF METABOLIC PATHWAYS UNDERLYING
PIGMENTATION IN WHEAT AND BARLEY
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Along with the main pigment chlorophyll plants can be colored with flavonoid or carotenoid
pigments as well as other more rare pigments such as phytomelanins or betalains. These colored
substances and their uncolored precursors are known as secondary metabolites required for the plant
to survive in its environment (for communicating with other organisms or coping with abiotic
stress). Here, we present results of comparative analysis of the sets of wheat and barley near-
isogenic lines (NILs) differing by coloration traits as well as results of in silico analysis of flavonoid
biosynthesis genes evolutionary rates. We have found that monocot and dicot plants differ by
evolutionary patterns of the universal flavonoid biosynthesis genetic network. In addition some
species-specific features were observed. Unexpectedly high selective pressure on certain gene in
some species (such as F3h in wheat) is suggested to be an indirect evidence of importance of this
gene activation as a key regulatory point of the pathway. We describe here for the first time the full
sets of genes encoding for flavonoid biosynthesis MBW regulatory complexes in wheat and barley.
We also identified genes related with poorly studied phytomelanin-like black and albino phenotypes
of barley grain. In addition we present results of comparative physiological studies of the NILs,
suggesting the coloration traits importance in coping with abiotic stress.

The study of evolutionary patterns of the FB genetic network was partially supported by
RFBR (16-34-60052), the study of wheat MBW encoding genes was partially supported by RFBR
(16-04-00912) and RAS Programme (0324-2015-0016), the study of phytomelanin-like black
pigmentation of barley grain was partially supported by RSF (16-14-00086).
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NEW ASPECTS OF WHEAT PHOTOPERIOD INSENSITIVE PPD-B1
REGULATION AND INTERACTIONS
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Wheat cultivars, different in photoperiod sensitivity up to total insensitivity, being well-adopted
to environmental changes, were selected by breeders over extended periods. These cultivars have
photoperiod insensitive Ppd-I genes, which are the key regulators of photoperiod sensitivity and
flowering transaction of wheat. Different Ppd-1 alleles result in variation of flowering time, supporting
breeders to select appropriate cultivars with definite Ppd-1 alleles for every environment. Photoperiod
insensitive alleles of these genes are widely used in Europe, America, Australia and Asia. However,
percent of cultivars with such alleles is very low in Russia.

In this study, we investigated early flowering cultivar Sonora and near-isogenic lines with
photoperiod insensitive Ppd-B1 allele. This allele has increased number of copies. We investigated
structure of Ppd-Bla distinct copies and detected some SNPs confirmed difference between NILs
and their sister lines with photoperiod sensitive Ppd-Bl allele, the indel in promoter region
distinguished the lines under investigation from other alleles with copy number increment, but
revealed no polymorphisms between Ppd-B1 gene copies.

Then we bioinformatically analyzed promoter regions of Ppd-I genes to identify cis-
regulatory elements associated with flowering. Transcription factors, common for all the Ppd-1
genes, were divided into three groups according to their input signal nature: circadian-clock
regulated, light regulated and phytochrome regulated groups. Further improvement of its
association is required. However, these transcription factors are to complement current scheme of
wheat flowering transaction. We also detected regulatory elements, specific to Ppd-Bl promoter.
Among them, MADS genes are likely to be transcription factors, involved in Ppd-Bla expression
regulation. The majority of MADS genes with binding sites in Ppd-BI promoter are known to be
involved in flowering time repression. Therefore, we might propose Ppd-Bla with increased
number of copies to continue expression in dark period because repressor quantity does not change.

To investigate interactions of Ppd-Bl with other genes, we utilized quantitive Real-Time
PCR and analyzed expression correlations of genes. We detected significant correlation of Ppd-B1
and Phy-C in night period and proposed photoperiod insensitive Ppd-BI allele to influence Phy-C
expression positively in dark. Phy-C in silico promoter analysis, together with data demonstrated
increase of phytochrome protein quantity in lines with photoperiod insensitive Ppd-1 alleles
(Koshkin et al., 2004), supported this proposition.

We also detected difference in expression patterns of near-isogenic lines with photoperiod
insensitive Ppd-Bl. Line with introgression in 5B pericentromeric region from Sonora flowered
three days earlier. Previously, using other genetic model we detected QTL in the discussed region
of 5B chromosome and proposed some candidate genes to regulate wheat flowering time (Kiseleva
et al., 2016). These findings provide us an opportunity to investigate 5B pericentromeric region in
more details.

To sum up, detected gene interactions require further investigation and the discussed lines
are a good model for the following study of wheat flowering pathways and a good source for
improving modern wheat cultivars.

This study was supported by the Russian Scientific Foundation (Project No. 14-14-00161).
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BIOINFORMATICS ANALYSIS OF GENOME AND TRANSCRIPTOME
STRUCTURES RELATED TO FREEZING AND DROUGHT RESISTANCE
IN CROP PLANTS
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Important problem of plant genomics is analysis of structure of transcripts and the genome
organization of crop plants on the basis of integration of high-performance sequencing data. The
analysis of structure of the genes connected with architecture of an ear in crop plants,
morphological parameters of draught- and cold resistance for wheat can be added with the
bioinformatics methods and data for model organisms. We present joint research project devoted to
development of integrative computer platform for the analysis of high-performance sequencing data
and publicly available computer genomics data. The mechanisms of drought resistance might be
grouped into three categories: drought escape, drought avoidance and drought tolerance. However,
crop plants use more than one mechanism at a time to resist drought. Drought escape is defined as
the ability of a plant to complete its life cycle before serious soil and plant water deficits develop.
Plants under drought condition survive by doing a balancing act between maintenance of turgor and
reduction of water loss. The mechanisms of drought tolerance are maintenance of turgor through
osmotic adjustment (a process which induces solute accumulation in cell), increase in elasticity in
cell and decrease in cell size and desiccation tolerance by protoplasmic resistance. Such studies
need molecular-genetics approaches and integration of available data. Fundamental basis of the
researches is the analysis of molecular mechanisms of genes functioning connected with expression
of cis-antisense transcripts. The expected results include development and adaptation of the
computer database of potential genes and antis-sense transcripts in model organisms of plants —
A thaliana, rice, bread wheat. Integration of data in the project will include data of sequencing
technologies RNA-seq and Hi-C (for Arabidopsis). With use of the developed programs and
algorithms the general platform of the bioinformatics analysis in plant genomes using high-
performance sequencing data will be developed.

The work was supported by RFBR (16-54-53064).
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INVESTIGATING BARLEY NUCLEAR GENES CONTROLLING
CHLOROPHYLL SYNTHESIS WITH RNA-SEQ
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Albinism in plants is characterized by lack of chlorophyll and results in photosynthesis
impairment, abnormal plant development and premature death. These deviations are frequently
encountered in interspecific crosses and tissue culture experiments. Analysis of albino mutant
phenotypes with full or partial chlorophyll deficiency can shed light on genetic determinants and
molecular mechanisms of albinism. One such mutant phenotype is barley i:BwAlm line with tissue-
specific albinism.

Poly-A RNA was extracted from spikelets of barley of Bowman line and i:BwA/m line and
sequenced using lIonTorrent platform. Resulting short read libraries were mapped to Hordeum
vulgare genome using TopHat and STAR aligners. Libraries were clustered with Cluster3 software.
Differential expression search was conducted with cufflinks pipeline and edgeR package. Lists of
genes with higher and lower level of expression in line i:BwAlm were examined separately for
enriched gene ontology terms from AgriGO database and significantly represented pathways from
PlantCyc database. For a selected list of genes differential expression was checked with quantitative
real-time PCR. Phenotypic characterization and chlorophyll distribution patterns were examined
using chlorophyll fluorescence microscopy. De novo transcriptome assembly was performed using
Trinity tool.

Microscopic analysis revealed segregation of cells in spikelets to chloroplast-containing and
chloroplast-deficient. Our results demonstrate that plants of i:BwAlm line have decreased
expression levels of plastid genes. Statistically significant differential expression was observed for
several plastid operons containing protein coding genes, rRNA and tRNA-coding genes. We
identified nuclear genes with differential expression in two barley lines. Functional differentiation
between genes with higher and lower levels of expression in i:BwA/m line was detected. As was
demonstrated with gene ontology analysis, genes with lower level of expression in i:BwA/m line are
mostly associated with photosynthesis and chlorophyll synthesis, while genes with higher
expression level are functionally associated with vesicle transport. Differentially expressed genes
are involved in a number of metabolic pathways, most represented being Calvin-Benson-Bassham
cycle. Finally, de novo assembly of transcriptome contains several transcripts, not annotated in
current H. vulgare genome version.

Our results provide new information about genes that could be involved in formation of
albino lemma and pericarp phenotype. Results obtained demonstrate the interaction between nuclear
and chloroplast genomes in this physiological process.

This work was supported by the RFBR (Ne 16-34-00924, bioinformatics data analysis), RSF
(Ne 14-14-00734, microscopic images preparation and analysis).
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Presence of three interacting genetic systems: nucleus, mitochondria and chloroplasts, is a
distinctive plant cell feature. In the present study, NGS (next generation sequencing) was performed
to identify differences in organelle genome nucleotide sequence that mayimpact key processes of
plant cell activity, photosynthesis and respiration. For this purpose we used the created the model of
lines with substituted nuclear genomes — alloplasmic lines, that was formerly created in our
laboratory.

Formerly we detected the diversity in RFLP profiles of mt and cp DNA in the collection of
alloplasmic barley lines and their parental forms, then we showedthe differences in structural and
functional characteristics of photosynthetic apparatus. Some of these lines - cultivar Visit (Hordeum
vulgare ssp. vulgare) andalloplasmic lines Visit (W3)® (Atlit 37, Israel) and Visit (W4)® (Atlit 55,
Israel) (with Hordeum vulgare ssp. spontaneum cytoplasm) were studied.

Paired-end sequencing of purified organelle DNA as a template was performed using Illumina
MiSeq. Assembling complete genome sequence was performed by contig aligning according to the
reference chloroplast (PubMed NC008590) and mitochondrial (PubMed AP017301) barley H.v.
ssp. vulgare genomes. As a result, we obtained data on both cultural H.v. ssp. vulgare and wild H.v.
ssp. spontaneum barley organelle genomesnucleotide sequence relative variability. 48 differences in
the nucleotide sequence of chloroplast DNA were revealed, bothbetween chloroplast DNA of wild
H.v. ssp. spontaneum and cultivar Visit (39), and between the lines with different cytoplasms of
H.v. ssp. spontaneum (9), as well. Polymorphism was detected in both coding and noncoding
regions of different genes, as well as in intergenic regions. Synonymous substitutions in exons were
identified in transcription and translation apparatus genes (rpoC2, infA) and NADH dehydrogenase
(ndhD, ndhA, ndhH).

Nonsynonymous substitution was found in the exon of inf4 gene (the position 76 884, G — A
substitution leads to Ser—Leu) in the chloroplast genome of the lines with H.v. ssp. spontaneum
W3 and W4cytoplasms. Inf4 gene is the chloroplast localized translation initiation factor 1.

In contrast to chloroplast DNA, mitochondrial DNA of the H.v. ssp. spontaneum displayed
9,6 times less differences fromH.v. ssp. vulgare. All differences identified in mitochondrial DNA
were observed between the H.v. ssp. spontaneum and cultivar Visit only, while H.v. ssp.
spontaneum lines did not differ from each other. Point substitutions were found in noncoding
regions only.

At present, the obtained results are verifying. A comparative study of DNA nucleotide
sequencesin alloplasmic barley lines and parental varietiesis the starting point for further
investigation of nuclear and cytoplasmic genome interaction mechanisms and their co-adaptation.
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Genomes of polyploid plant species, having an increased number of genes copies, are an
attractive model for studying functional and evolutionary features of the duplicated genes. Here, we
report results of a case study on flavonoid biosynthesis (FB) genes in allohexaploid wheat (Triticum
aestivum L.) and autotetraploid potato (Solanum tuberosum L.). FB regulatory network is a
convenient model system, underlying intraspecies variability by coloration traits. There are three
types of FB regulatory factors MYB, bHLH and WD40, which compose MBW complex necessary
for activation of the expression of FB structural genes in plants.

We used a wide range of bioinformatics and molecular genetics tools to characterize MBW
components of wheat and potato. The bHLH-encoding gene (TaMycl), necessary for activation of
anthocyanins (colored flavonoids) biosynthesis in wheat grain pericarp, was isolated for the first
time. A total of 10 copies of this gene were identified in homoeologous groups 2 and 4
chromosomes. Their transcriptional activity in different parts of wheat plant was investigated. The
WD40-encoding genes (at least 2 copies) were also isolated and characterized for the first time in
wheat. Annotation of 7 copies of the known wheat MYB-encoding gene 7aC!l was carried out. In
potato, information about known MYB-encoding genes was used to identify allelic diversity among
cultivars differing by tuber skin and flesh color and to develop allele-specific markers for
expression analysis. Overall, the results obtained suggest that the duplicated FB genes are
maintained in wheat and potato due to the copies diversification. The presence of duplicated
regulatory genes is responsible for diverse patterns and combinations of coloration traits in the
investigated species.

The part of the study on wheat genes was supported by RFBR (16-04-00912) and the RAS
Programme (0324-2015-0016), the part of the study on potato genes was supported by the Russian
Science Foundation (16-16-04073).
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Analysis of codon usage is very important to optimize the production of proteins in gene expression
system. Chloroplast has special importance due to its small size and high copy number of genome.
Gossypium spp. is the most important fiber crop in the modern world. In this research, the complete
nucleotide sequence of the chloroplast genomes of two wild cotton species was studied, and then
analyzed using Codon W software. Synonymous codon usage of 57 protein coding genes in
chloroplast genome of Gossypium thurberi and Gossypium arboreum was analyzed for the first time
to find out the possible factors contributing codon bias. All preferred synonymous codons were
found to use A/T ending codons as chloroplast genomes are rich in AT. Correspondence analysis
and method of effective number of codon as Nc-plot were conducted to analyze synonymous codon
usage. ENC Vs GC3 plot grouped majority of the analyzed genes on or just below the left side of
the expected GC3 curve indicating the influence of base compositional constraints in regulating
codon usage. According to the corresponding analysis, codon bias in the chloroplast genome of
Gossypium thurberi and Gossypium arboreum are related to their gene length, mutation bias, gene
hydropathy level of each protein, gene function and selection or gene expression only subtly affect
codon usage. This study provided insights into the molecular evolution studies.
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The Populus genus has a significant ecological and economic importance. Some species of
Populus are cultivated worldwide due to their fast growth, high stress tolerance, asexual
reproductionand applicable to demands of pulp, paper and biofuel production.

In April of 2016 we carried out cross between P. tremula and P. alba — widely distributed
Eurasian poplarspecies, whose hybrids are very promising in forest cultivation. Germinated seeds
were planted in ground. After vegetation season we measured height of each 473 trees and collected
leaves for DNA extraction. Nearly 100 trees were randomly chosen for genotyping as mapping
population to construct a linkage map of the P. tremula and P. alba.

For population genotyping we used RADSeq (Restriction-site associated DNA sequencing)
— a powerful NGS-based technology, which allows to reveal a large amount of SNP, single
nucleotide polymorphism.
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The genetic map of 92 recombinant inbred lines (RILs) from the cross of Pamyati Azieva
(Russia) and Paragon (UK) was constructed using 7K SNP Illumina array. Currently the genetic
map is consisting from 4594 polymorphic SNP markers. The number of polymorphic SNP markers
for 21 chromosomes varied from 401 markers in homeologic group 4 to 940 markers in homeologic
group 2. The length of the map varied from 17 ¢cM in chromosome 4D to 218 c¢cM in chromosome
3B with total overall length 2724,4 ¢cM for all chromosomes. In addition, 158 KASP markers were
added to the genetic map in order to improve the genetic resolution.

The mapping population (Fg) was grown in greenhouse (Norwich, UK) and field (Almaty
region, Kazakhstan) conditions. The initial trials allowed identification of three QTLs associated
with plant height in GH condition. The plant height QTLs were mapped on chromosomes 2B, SA
and 6A. Genetic analysis of yield components from the field trials is underway. Seeds of the
mapping population was multiplied and provided to breeders in Northern region of Kazakhstan for
further use in identification of important QTLs associated with productivity and grain quality.

The study supported by ADAPTAWHEAT project funded by 7" EU FP and grant number
1784/GF funded by the Ministry of Education and Sciences of the Republic of Kazakhstan
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Growth regulative and protective activity of extracellular polysaccharides (PS) isolated from
wheat cell culture were investigated by the use of ten agricultural crops (wheat, barley, corn, rape,
tomato, cucumber, watermelon, melon, soybean, cotton). For the investigation of growth-
regulative activity seeds of agricultural crops werepreliminary soaked into polysaccharide
solutions in different concentrations (0,1, 0,01, 0,001 and 0,0001 mkg/ml). Then seeds were
removed from polysaccharide solution and growed up in water during 5 days at 26 C° and 16-
hours photoperiod. During the growth process we studied the energy and percentage of seeds
germination, measured the length of shoots and roots. To identify the protective activity of PS, we
determined for each crop sublethal doses of stress factors — salt and osmotic, initiated by different
concentrations of NaCl and saccharose, accordingly. Seeds, preliminary soaked in PS solutions,
were grown in solutions with sublethal concentrations of NaCl and saccharose.

Considerable differences in growth-regulative and protective activity of PS have been
showndepending on various plant species. Very low (nanomolar) concentrations of PS — 0,001
and 0,0001mkg/ml, showed stimulating effect on the seedlings growth of all investigated crops.
As well as medium concentrations of PS — 0,01mkg/ml, stimulated the growth of seedlings in
tomato, barley and cucumber. High concentration of PS — 0,1mkg/ml, stimulated the growth of
seedlings in cotton and rape. In general, under the PS influence, the growth of shoots increased
by 2-4 times, the growth of roots — from 0,5 to 5,5 times in comparison to control (H,O without
preliminary soaking in PS), depending on the crop. All tested concentrations of PS have shown to
accelerate germination of seeds, particularly, very low (nanomolar) concentrations —
0,0001mkg/ml. For example, percentage of germination for tomato, watermelon and wheat
elevated from 50 to 100%, for rape —from 20 to 75%.

Under the salt and osmotic stress all PS concentrations have been found to be a
physiologically active, in particular, in medium (0,01mkg/ml) and very low (nanomolar 0,001;
0,0001mkg/ml) concentrations. During osmotic stress PS demonstrated protective activity as the
growth of shoots increased 2-3 times, the growth of roots — 3-4 times, compared to control
(saccharose without preliminary soaking in PS solutions). We have shown capability of
extracellular PS to increase germination of seeds under the salt and osmotic stresses as well.
Under the salt stress protective activity of PS was found in medium -0,01mkg/ml, and very low —
0,001 and 0,0001 mkg/ml concentrations. Seeds germination increased from 10-40% to 50-100%.
Protective activity of PS during osmotic stress is being expressed in very low (nanomolar)
concentrations — 0,001 and 0,0001 mkg/ml. Seeds germination, overall, increased from 12-35% to
60-75%, compared to control, depending upon the crop.

The data obtained make it possible to propose extracellular polysaccharides for use in
biotechnology and agricultureas a biostimulants of plant growth and immunitywith the activity in
nanomolar concentrations.

This work performed in the framework of fundamental research program Ne(149, Target
Program Funding, IPBB, Science Committee, Ministry of Education and Science, Republic of
Kazakhstan (2015-2017).
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MOLECULAR EVOLUTION ANALYSIS OF GENETIC NETWORK
RELATED TO PLANT TRICHOME DEVELOPMENT

D.K. Konstantinov "*, A.V. Doroshkov °, D.A. Afonnikov 2

"Novosibirsk State University, Novosibirsk, Russia

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

Trichomes are involved in many significant functions such as the transpiration,
thermoregulation and protection from insect attacks. On the other hand specialized cell formation is
an fruitful model system for analyzing the molecular mechanisms of plant cell differentiation,
including cell fate choices, cell cycle control, and cell morphogenesis. In plants, epidermal cells are
easily accessible and allow in vivo study. Unicellular trichome formation is a classical experimental
model for identification of the activator—inhibitor and the activator—depletion pattern formation
models, studying the interplay between cell cycle and cell differentiation and numerous of genes
involved in these processes were found. However, the evolution of specialized epidermal cell
formation genetic network remains unclear. In this study, we analyze the phylogenetic relationships
of genes associated with the formation of trichomes and root hairs from various species of
flowering plants.

Using the text mining technology we reconstructed the network of interactions between
known leaf pubescence genes using 4. thaliana as a model organism. The genetic network model
was clarified by the iterative improvement based on gene co-expression data. For each node was
performed extraction of sets of homological sequences presets from databases was carried out using
the reciprocal BLAST search. Multiple sequence alignment was conducted with MAFFT algorithm.
The PhyML maximum likelihood algorithm was used to reconstruct the phylogeny and bootstrap
resampling technique was used for testing the topology. Genetic networks containing target genes
were reconstructed using Cytoscape and Pathway Studio software.

As aresult, work has been traced the main stages of gene network evolution, predicted time of
appearance of its components. Our results argue that there is a fraction of genes involved in the
formation of trichomes passed several relatively young duplication events and do not reveal a
direct correspondence between monocotyledonous and dicotyledonous plants. Also, this facts
justify that part of the cellular morphogenesis mechanisms evolved independently in dicots and
monocots which reflects morphology differences. At the same time, we observe a good
correspondence between studied genes of cell morphogenesis inside dicotyledonous as well as
monocotyledonous clades. This allowed us to find orthologous genes in wheat genomic sequences
and predict its chromosome localization to compare with known leaf hairiness QTLs.

This study was funded by Russian Science Foundation grant Ne14-14-00734.
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GENOTYPING WHEAT VARIETIES WITH DIFFERENT GENOTYPING
ARRAYS

J. Plieske , E.-M. Graner, A. Polley, M.W. Ganal
TraitGenetics GmbH. Gatersleben, Germany
e-mail: plieske@traitgenetics.de

An overview about the allelic diversity of hexaploid wheat (Triticum aestivum) with large marker
sets is instrumental for a detailed analysis of allelic diversity in the genome and specific genomic
regions linked to important agronomic traits. In order to obtain such information, we have
genotyped a large set (>500) of wheat varieties with a number of genotyping arrays including the
90K Illumina Infinium array, the Affymetrix 35K Wheat Breeders array, and a new 135K
Affymetrix array generated with SNPs identified from Exon sequence capture. Altogether
significantly more than 100,000 polymorphic markers were evaluated with all three arrays together.
We present results concerning the technical quality of the respective markers, the genomic
distribution of the analyzed markers on the arrays and the general usefulness of the different
technologies. Furthermore, we show data concerning the allelic diversity and haplotype structure
that is detected with these three arrays in European wheat varieties. Implications of the results for
the general genotyping of wheat and the use of genotyping arrays for wheat breeding are also
discussed.
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CHARACTERIZATION OF A CHLOROPHYLL MUTANT, TIGRINA, IN RYE

O.B. Dobrovolskaya L2 , K. Morozova 1’2, K.I. Popova 1, A.E. Dresvyannikova 2,
A. Borner 3, M.S. Roder 3, E.B. Kiseleva 1, A.V. Voylokov 4

!nstitute of Cytology and Genetics SB RAS, Novosibirsk, Russia
> Novosibirsk State University, Novosibirsk, Russia
3 Leibniz Institute of Plant Genetics and Crop Plant Research, Gatersleben, Germany
4Vavilov Institute of General Genetics RAS, St. Petersburg, Russia
"e-mail: oxanad@bionet.nsc.ru

Leaf is the main important plant photosynthetic organ, and efficiency of photosynthesis in leaves
influences crop productivity. Leaf color mutants are important genetic resources for studying the
molecular mechanisms that regulate leaf photosynthesis and photorespiration. The aim of the
present study was to characterise a rye mutant, zigrina, using molecular genetic tools and electron
microscopy. The rye tigrina mutant is characterised by transversal yellow stripes on leaves. It was
shown that this trait is under the control of a recessive allele at a single locus. The tigrina (ti) locus
was placed on chromosome 5R, using molecular-genetic mapping. Analysis of cell ultrastructure
showed that morphological changes in the color of leaves were associated with structural
disruptions of chloroplasts, photosynthetic organelles of the plant cell. These multiple changes of
chloroplast structure included alterations of chloroplast membranes, organization of grana, length of
intergranal thylakoids, number of starch granules and lipid droplets in the stroma. The characterized
tigrina mutant will be useful for further isolation of novel genes that are involved in processes of
photosynthesis.
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GENETIC DIVERSITY OF GRAIN LEGUME STUDIES WITH
VARIOUS MOLECULAR MARKERS FROM DIFFERENT GENOMIC
ORIGIN

O.B. Raizer, O.N. Khapilina, A.P. Novakovskaya, A.A. Amenov, A.Z. Danyarov,
A.S. Turzhanova, R.N. Kalendar

RSE "National Center for Biotechnology", Astana, Kazakhstan
e-mail: 2008olesya@mail.ru

Legumes (Fabaceae) represent the second most important family of crop plants after the grass
family, Poaceae, all together with 800 genera and 20,000 species. The importance of legumes is
evidenced by their high representation in ex situ germplasm collections, with more than 1,000,000
accessions worldwide. A detailed knowledge of the genetic of the Fabaceae is essential for
understanding the origin and diversification of this economically and ecologically important family
of angiosperms. Our research aims to study genetic diversity of germplasm of major legume crops
by molecular markers that represented different part of genome (retrotransposons and genes).
Genome-wide sequence data was used for developing the high-throughput genotyping technology
based on repeats (retrotransposons) and non-protein-coding DNA genome sequences. These
molecular markers were used for study of genetic diversity and to assist in designing strategies to
utilize the genomic information for legume crop improvement. It was analysed the germplasm
collections of legumes of different countries. Retrotransposons were isolated and sequenced; long
terminal repeat (LTR) primers were designed to obtain Inter-Retrotransposon Amplified
Polymorphism (IRAP) fingerprints for Legumes species. The genetic variability within accessions
of legumes species of each accessed by IRAP markers allowed separation of legumes species
according to their geographical origin and botanical variety respectively. The utilization of
germplasm use, in crop breeding is most importantly, the association of alleles with targeted
phenotyping traits potentially will provide sufficient knowledge to the crop community to decide
which accession(s) and which genomic segment(s) they need to target for improving a given trait in
a particular legume crop species. It is also important to mention that information generated
regarding germplasm of, whether genotyping, genome sequencing or phenotyping, should be made
available as open access data.” This would link seeds and genetic stocks directly to passport,
genomic and phenotypic information, thereby engaging the creativity of geneticists and breeders.
This will help crop communities across the world make the best use of the information generated
available for crop improvement.
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CARTOGRAM OF ZN CONTENT IN THE GRAIN OF WHEAT, BARLEY
AND OATS ON THE BACKGROUND OF PRODUCTIVITY AND DROUGHT
RESISTANCE

T1.V. Savin 1, A.l. Abugalieva 1'2, L. Cakmak’

'Kazakh Research Institute of Agriculture and Plant Growing, Kazakhstan
’Kazakh National Agrarian University, Kazakhstan
ISabanci University, Turkey
e-mail: Savintimur 83@mail.ru

Identification of Zn-deficient and Zn-excessive regions has been performed using data from
different regions for the standard variety - Saratovskaya 29. Selection of biofortification genotypes
for spring wheat breeding at the level of 45 mg/kg has been recorded in the following varieties:
Karabalykskaya 2, Karabalykskaya 3, Kazakhstanskaya early ripening, Kazakhstanskaya 4,
Kazakhstanskaya 15, Korneevka and Pavlodarskaya 93. The volatility index as an indicator of
variation of Zn content in grain within the single variety depending on growing conditions varied
from 1.03 to 4.73 times. Variability model was applied for selection of breeding-significant
genotypes, which combined classification of Zrn content in the grain (1-5 grade) and frequency of
class occurrence (%). Several varieties stood out with breeding-significant level of Zn in grain [ 45
mg/kg: Pavlodarskaya 93 (22% of all samples studied), Kazakhstan early ripening (11%),
Kazakhstanskaya 15 (33%), Kazakhstanskaya 4 and Karabalykskaya 3 (16%), Gedera 125 and
Intensive.

Zn content in spring wheat was varied across average background from 11-12 mg/kg to 41
mg/kg. The lowest Zn content in the grain was recorded at the three sites: Osakarov, Shortandy (10-
13 mg/kg) and Kazan GSU (11-22 mg/kg), which correlates to drought problems in these regions.
Maximum Zn content was recorded in the following sites: Alga, Aytekebi, Ruzaev, Shchuchin,
Lenger and Gvardeysky (45-80 mg/kg). Background average was recorded at the Ruzaev site.
Lenger and Ruzaev sites are characterized by high proportion of genotypes with grain Zn content of
more than 41 mg/kg (50-65% of genotypes).

Aktubinsk region with KASIB spring wheat is characterized as low-level by zinc content,
which is reduced to below 12 mg/kg, and thus Zn-deficient grain. A ranking of regions was
established with decreasing Zn content in the grain of KASIB spring wheat: Fiton > Karabalyk >
Pavlodar > Aktyubinsk.

In general, according to the results of dispersion analysis, Zn content in the grain is
determined on 6-10% by genotype, on 57-82% - by regional growing conditions and on 5-10% - by
interaction of these factors.

Zn-deficiency of certain spring wheat growing regions according to wheat data is confirmed
by minimum Zn content values in barley (for Osakarov at 14-15 mg/kg and Urlyutyub, Arykbalyk
at 17-19 mg/kg), which is associated with drought problem in these regions in general, regardless of
the crop, and is presented by Zn cartogram across Republic of Kazakhstan.

Research has been carried out under the program 0.0721 "Breeding and dissemination of
cereal varieties with genetically identified stress indicator properties based on molecular breeding,
genomics and biotechnology (biochemistry) for effective use of soil and bioclimatic potential of the
country", project with state registration number 0115RK02313 "To investigate grain mineral
content of synthetic forms of wheat and biochemical composition of dihaploid lines of wheat and
barley, oats, sorghum and soybeans, relative to productivity, and to identify resources stable
quality. To define the role of Zn in drought resistance of spring wheat and grain biofortification".
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EVALUATION OF GENETIC VARIATION IN SPRING BARLEY
COLLECTION USING SNP ILLUMINA ARRAY

Y. Turuspekov *1, J. Genievskaya I, B. Sariev 2, L. Tokhetova 3, V. Chudinov 4,
A. Ortaev’, V. Tsygankov °, G. Sereda’, A. Espanov ®
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3 — Kazakh Institute of Rice, Kyzylorda, Kazakhstan
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5 — Krasnovodopad breeding station, South Kazakhstan region, Kazakhstan
6 — Aktobe breeding station, Aktobe region, Kazakhstan
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The collection of 104 spring barley accessions from Kazakhstan and 80 landraces from
different parts of the world were genotyped using the 9K SNP iSelect array containing 7,842 SNPs.
Genotyping revealed set of 6,670 storable SNPs (85.1% of success) with 72.85% variants being
transitions and 27.15% transversions. After quality control filtering of the SNP dataset 5,050 SNPs
(64.4% of success) were selected for genetic variation analysis. The total genetic length of the
whole genome based on the genetic distances between mapped markers was 990.9 cM. The number
of SNPs per chromosome with known positions ranged from 306 in chromosomes 1H and 4H to
608 in chromosome 5H, and suggested average coverage for each marker was 0.33 cM. Unbiased
genetic diversity index was ranged from 0.333 in Europe to 0.394 in North America, while the
index for Kazakh group of accessions was 0.35. Principal Coordinate analysis revealed that
accessions from Kazakhstan were rather genetically closer to South and North American landraces
in comparison to European and Asian accessions. The SNP data for all 184 accessions were
prepared for genome-wide association study of QTL related to yield components and grain quality.

GWAS for mapping QTLs of flowering time and yield components was performed using
TASSEL and FARM CPU packages. Overall 84 SNP markers that significantly associated with
plant growth stages and yield components were identified. The identified markers are under
validation using different hybrid populations with high generation progenies. The results can be
effectively used in local barley breeding programs.
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THE POTENTIAL OF BARLEY/WHEAT ORTHOLOGY TO ADVANCE
CEREAL GRAIN YIELD

Takao Komatsuda

Institute of Crop Science (NICS), National Agriculture and Food Research Organization (NARO),
Tsukuba, Japan

About 12,000 years ago in the Near East, humans began the transition from hunter-gathering to
agriculture-based societies. Barley was a founder crop in this process, and the most important
steps in its domestication were mutations in two adjacent, dominant and complementary genes,
btrl and btr2, through which grains were retained on the inflorescence at maturity, enabling
effective harvesting. The early-domesticated barley had one fertile central and two sterile
lateral spikelets at each rachis node, soon later cultivators of barley selected a phenotype with
a six-rowed spike with all spikelets fertile that stably produced three times the usual grain
number during domestication. This improved yield, generated by mutation at vrs/ for a
homeobox gene, established barley as a founder crop for the Near Eastern Neolithic
civilization. Wheat has one-, two- or three sets of vrs/ orthologous genes according to their
ploidy. There was a significant variation of gene structure and gene expression correlated with
the ploidy. Reduction of the vrs/ function by either RNA1 and natural variation and mutation
alleles increased grain number of wheat.
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GENOME ENGINEERING IN CEREALS

Jochen Kumlehn

Leibniz Institute of Plant Genetics and Crop Plant Research (IPK) Gatersleben, Germany
e-mail: kumlehn@ipk-gatersleben.de

Genome engineering is a breakthrough technology that offers versatile novel possibilities for both
the experimental elucidation of gene functions and the improvement of crop performance. Aiming
to establish site-directed mutagenesis in cereals, target gene-specific transcription activator-like
effector nucleases (TALENs) were designed and used pairwise to genetically transform barley.
Owing to the haploid nature of immature pollen used for Agrobacterium-mediated gene transfer
and their capability of undergoing cell proliferation, whole genome duplication and plant
regeneration, some resultant primary mutants proved instantly homozygous. In a second approach,
we produced two types of plant lines each carrying only one of the two required TALEN units.
Crossings of these plants result in the combination of complementary TALENs and their
heterodimerization/activation during early zygotic embryogenesis in hybrid caryopses, which
facilitated site-directed mutagenesis with unprecedented efficiency in a cereal crop. By this
principle, many mutations can be independently produced, even if only a few endonuclease-
transgenic lines are available, e.g. in plant species that are not readily transformable. To allow for
prevalidation and optimization of customized endonuclease constructs before investing in the
laborious creation of stable transgenic plants, a transient expression test was established which
indicates cleavage activity via frame shift reconstitution of a reporter gene positioned downstream
of the target sequence. Site-directed mutagenesis was also established using RNA-guided Cas9
endonuclease. This platform has proved more reliable in generating barley mutant plants as
compared with current TALEN technology. The proportion of plants carrying genetic modifications
at the target site can be as high as 84 percent of the gRNA/Cas9 transgenics produced. A
comparison of TALEN- and Cas9-mediated barley mutagenesis revealed platform-specific
modification patterns. More sophisticated applications of customizable endonucleases involve the
use of an artificial DNA repair template facilitating homology-directed repair (HDR) so as to create
predefined rather than random DNA sequence modifications at the target locus. Homology-directed
genome editing was exemplified by converting GFP stably residing in the barley genome into YFP,
which is caused by a particular single amino acid exchange in the gene product.
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RAPID GENE CLONING IN WHEAT AND BARLEY

Brande B.H. Wulff
John Innes Centre, Norwich, UK
e-mail: brande.wulff@jic.a.cuk

Molecular cloning of genes underpinning genetic variation in the wild ancestors of our
domesticated crops opens up novel precision-deployment possibilities in elite cultivars via gene
editing and transgenesis. However, large genomes, extensive regions of suppressed
recombination, and long generation times, often impose significant barriers to gene cloning in
crops and crop wild relatives. Using a series of case-studies in small-grain cereals, I will present
a suite of enabling technologies that can overcome these obstacles and speed up gene cloning.
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MAIN TRENDS IN CEREAL BREEDING IN KAZAKHSTAN

A. Abugalieva *, B. Bashabayeva

! Kazakh Research Institute of Agriculture, Almaty region, Kazakhstan
? Kazakh National Agrarian University, Kazakhstan

The Republic of Kazakhstan — number 9 largest in the world with an area of the territory of
2 million 724.9 thousand sq.km.

The territory of Kazakhstan is characterized by a general zonation and vertical zonation.
Climatic zones: Kazakhsta distinguished by the landscape diversity. 58% of the state is desert or
semi-desert 10% - mountains (the foothills). In the north of the country is dominated by steppe and
forest steppe.

Agriculture is a priority sector for the Kazakhstan production. The total area of agricultural
land is more than 222.4 million hectares of arable land under them — 24.2 min.ga (10.9%),
grasslands — 5.2 million hectares (2.3%), pastures — 188.4 million hectares (84.7%). In the forest —
steppe and steppe zones — 10% of cultivated land, semi-desert and desert — about 60%. All
agricultural zones of the country are characterized by low annual precipitation — 150-320 mm.

Cereals is the most important in human economic activity group of cultivated plants, giving
the grain, the staple food of man, the raw material for many industries and feed for farm animals/
grains are divided into grain and legumes.

Problem: The stability of grain production in Kazakhstan.

Solution: Improved varieties and others.

Improving the efficiency of adaptive selection (complex breeding and genetic, physiological
and biochemical work) on agro-climatic zoning, agro — ecological safety, yield and quality of grain.
Agroclimatic zoning should be directed to agroekotipov grades.

Cereals production is the main area of farming activities in the country.

Spring wheat production is concentrated almost exclusively in Northern Kazakhstan and it
comprises 75% of total wheat production. Total area under wheat in Kazakhstan is 11.8-13.5 mln ha
producing 11.2-16.6 mln t of grain. Domestic consumption uses around 7.5 mnl t. Export varies
from 3 to 8 mln t depending on year. Other important cereal crops are barley, oats, maize and millet.
barley area varies from 1.6 to 2.1 mln ha and with average yield of 0.9-1.4 t/ha annual production
reaches 1.5-2.8 mln t. Domestic consumption uses around 1.5 mnl t. Export is insignificant: 0.1-0.8
min t. Maize area is around 0.1 mln ha producing total of 0.4 miln t of grain for domestic
consumption. Cotton produces high yield in southern Kazakhstan and its share in agricultural export
is 15%. The other important crops are sugar beet, tobacco, rice, safflower and potato.

The breeding history, achievement of breeding and important role breeding community in
Kazakhstan was observed plays for maintaining regional food security. So far despite the
organizational and other changes breeding programs remain productive and focused on farmers and
their income as the ultimate goal of variety adoption. There is still support of more basic research to
breeding from different groups in the country. It may not have realized in routine application of
molecular or other modern techniques but it certainly maintains the overall level of research and
critical mass of wheat scientists. This situation is likely to remain in the near future considering the
recent tendency of rather substantial increase in funding of agricultural research and breeding
specifically. The medium-long term future challenges are associated with maintenance of high
precision field experimentation, practical application of modern tools and attraction and education
of young generation of scientists and breeders (Abugalieva A., Morgounov A., 2016).
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REGULATION OF SOMATIC EMBRYOGENESIS BY WOX GENES
IN MEDICAGO TRUNCATULA

Y.A. Fedorova, V.E. Tvorogova, L.A.Lutova

Saint Petersburg State University, Saint Petersburg, Russia

e-mail: julchen.fedorowa@gmail.com

Somatic embryogenesis (SE) is a process by which somatic cells reverse their developmental
program and become embryogenic. Among the various factors essential for this developmental
switch, transcription factors are believed to play a central role.

WUSCHEL-related homeobox (WOX) family transcription factors are playing important
roles in developmental processes during zygotic embryogenesis (ZE) and the expression of some
WOX genes was shown to be associated with SE. However, involvement of many WOX genes in SE
remains unstudied. In our previous research, we demonstrated that expression of Medicago
truncatula WOX genes, MtWOXI I-like, STENOFOLIA (STF) and MtWOX9-1, is associated with
SE. In the present study, we mainly investigate the role of STF gene during SE.

In adult plants, STF expression was observed in the generative organs, fruits and flowers,
suggesting that this gene may also be involved in ZE. The local analysis of STF expression during
SE demonstrated that its promoter is activated directly in somatic embryos.

Overexpression of STF gene leads to increased embryogenic capacity of calli and correlates
with decrease in expression levels of MtGH3.6 and MtHBI genes, involved in auxin metabolism
and abscisic acid response, respectively. We are planning to examine whether STF directly binds
promoter regions of the MtHB1 gene using yeast one-hybrid system.

Surprisingly, STF loss-of-function mutants showed slightly increased embryogenic capacity
of calli, suggesting that this transcription factor is not strictly necessary for inducing SE and may
influence SE in different pathways. To unravel mechanism of these pathways, we are going to
identify STF targets by transcriptome analysis.

To understand functions of STF, we are identifying its interacting partners, involved in SE, by
using yeast-two hybrid system. We already have shown that STF does not bind MtFUS3, MtSVP,
MtAP3 and MtPI proteins.

This work was supported by the grant of the Russian Science Foundation (1.53.917.2016).
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ECOLOGY AND ECONOMICAL IMPACT OF BARLEY
STRIPE MOSAIC VIRUS (VIRGAVIRIDAE, HORDEIVIRUS)
IN THE PRIMORSKY KRAI OF RUSSIA

A.V. Gapeka 1, A.A. Zelikova 1’2, S.K. thurkinaz, T.1. Pleshakova I, Yu.G. Volkov I,
N.N. Kakareka 1, M.Yu. Shchelkanov *
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Barley stripe mosaic virus (BSMV) (Virgaviridae, Hordeivirus) is common in agrocenoses
infecting wide spectrum of cereals with barley and wheat being described as the main hosts. The
typical symptoms of BSMV-associated disease are from small light-green or chlorotic stripes or
streaks to chlorosis and necrosis and stunted growth of plants. Unlike many phytoviruses BSMV is
not proved to have any vectors — this virus could be transmitted by contact of sick and healthy
plants, through the seeds and the pollen. But some important ecological aspects of BSMV and its
harmfulness are yet to reveal nowadays. In order to obtain a higher yields these aspects need to be
considered according to regional specifics.

Materials and methods. Annual phytovirological monitoring with visual assessment and a
detailed accounting was carried out in the sown crops of winter and spring barley, winter wheat and
spring wheat, spring oats, maize. Plants or leaves with viral infection-like symptoms were
transported to the Laboratory of virology for identification by indirect ELISA with specific antisera,
electron microscopy (Libra 200 FE HT in the Center for Electron Microscopy of Far Eastern
Branch of Russian Academy of Sciences) and other standard virology methods. To determine the
BSMV-infected maize yield loss, seeds of maze were planted out in experimental plot: 100 control
seeds and 200 experimental seeds for inoculation. The experimental seedlings were infected on the
26-th day after planting, with the infection development being checked by indirect ELISA on the
14-th and 28-th day after the inoculation.

Results and discussion. We revealed that BSMV infects barley (14.3-41.6 %), oats (8.3-
21.4 %) and wheat (16.7-59 %) more often in relation to other cereals and other cereal viruses on
the territory of Primorsky krai. Infection load in the productive agricultural cereal crops is lower
than in the selection and collection nurseries. It could be explained due to the ability of the virus to
be transmitted through seeds and higher sowing density in productive agricultural cereal crops in
comparison to experimental stations where low sowing density creates good conditions for potential
active insect-vectors. Maize (Zea mays) is one of the most important cereal crops for the agricultural
industry of Primorsky krai. Some authors mention maize as an experimental BSMV host. We have
found plants of maize with yellow or white streak and identified BSMV-associated disease. Thus we
have revealed that maize is a natural host of BSMV. Infection of productive agricultural crops of maize
is significantly lower than the selection and collection nurseries of the experimental station of Primorsky
Research Institute of Agriculture. We have found symptoms and proved BSMV-disease by laboratory
methods in the surrounding weed Setaria pumila (Poir.) Roem. Et Schult.(= S. Glauca (L.) Beauv.) as
well (51.6 % positive plants). This species was indicated as BSMV host for the very first time. There
were no any observed mechanical contacts between maize and weed plants, which implies that virus
vector took place. We have found flying and parthenogenesis forms of aphids on the glue traps in
experimental plots, on experimental plants and on S. pumila. Under laboratory conditions BSMV was
transmitted by aphids on wild plants of genus Poaceae: Echinochloa crusgali (L.) Roem.
(Echinochloa crus-galli) and Phleum pratense L. The loss of maize yield is about 30-60 % which is the
direct proportional dependence to the infection rate.

Conclusion. BSMV is a harmful viral disease, which can cause significant economic damage.
Infected viral particles are determined in all parts of the seed and the pollen. Because of seed and
mechanical transmission, the virus is involved in the selection process.
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Cereals are of outstanding value among crop species. The application of new plant breeding
techniques on monocot plants with large genomes, especially wheat and barley is an important
challenge. The most basic research, transgenic plants development and genome editing are carrying
out on model barley cultivar “Golden promise”. There is a lack of information about amenability of
local cultivars for genetic transformation and in vitro regeneration. The present work aims to
overpass the barrier between model genome editing and practical breeding and introduce the
valuable trait in local cultivar of Hordeum vulgare L. via CRISPR/Cas system.

Hulled (covered) barley trait is determined by a single gene Nud located on the chromosome
7H. The mutant nud provides free-threshing variant called naked (hulless) barley. The targeted
mutagenesis of barley Nud gene using CRISPR/Cas system in Siberian cultivar is the task of this
study.

The study consists of two main issues: the search of most suitable cultivars among the
Russian collection of spring barley and the application of CRISPR/Cas genome editing technique
on selected ones.

Ten most common Siberian barley cultivars have been chosen for the first in vitro
regeneration test. It was shown that all selected cultivars are able to produce callus from immature
embryos. The callus growth dynamics and regeneration ability vary among the cultivars. The best
results comparable with control “Golden promise” cultivar were obtained for “Aley”. This cultivar
has been chosen for genome editing experiment.

The nucleotide sequence of Nud gene from “Aley” cultivar has been elucidated via Sanger
sequencing. Using online target-design tools the few sgRNAs have been designed to pair with
diverse sites of the Nud gene. The potential off-targets have been identified. The two genetic
constructs carrying Cas9 nuclease and sgRNA targeting different sites in Nud gene have been
developed. For the genetic transformation of immature embryos, both Agrobacterim-mediated
transformation and biolistic technique have been implemented.

The work is supported by Russian Science Foundation (project 16-14-00086).
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Among the pathogenic gram-positive bacteria, the most common and significant are non-
sporing bacteria of the genus Clavibacter, presenting single or united in pairs (as well as in the short
chains) immobile rod-shaped bacteria. Clavibacter michiganensis subsp. Sepedonicus (Spieck. et
Kotth.) SkaptetBurkh (C. michiganensis) is the agent of the potato ring rot. As a result of the
development of this disease crop losses account for 10-45%. To date there are no effective
techniques of controlling c¢. michiganensis and all available methods are preventive and involve
disinfection of packaging materials, implements and planting material. Such aggressive agents as
formalin, hydrogen peroxide, hydrochloric acid, etc. are used as decontaminants.

Therefore the search for effective and safe methods of potato sanitation from the
C. michiganensis is extremely important. In this connection it can be promising to use hybrid
organic-inorganic nanocomposite of potentially antimicrobial elemental selenium (NKSe), obtained
on the basis of natural geteropolisaccharide arabinogalactan, which is effective stabilizer of various
types of nanoparticles, as a decontamination agent.

Two nanocomposites with different content of selenium were studied: NC 1, obtained by
selenium oxide SeO; (1.23% Se) polymerization of arabinogalactan; NC 2 also obtained by bis (2
phenylethyl) sodium diselenophosphinate (PhCH,CH,),PSe;Na(3.4% Se) polymerization of
arabinogalactan. Selenium nanoparticles are well visible in transmission electron microscope, their
form is close to spherical and dimensional distribution is rather narrow (50-80 nm, the average size
of 67 nm).

After incubation of bacterial cells with nanocomposites the change of cells' morphology,
production of mucus around them, cells adhesion in conglomerates as well as cell death due to
arupture of a cell wall was noted. The use of techniques of scanning electron microscopy showed
the presence of selenium particles on a cell wall of bacteria, which resulted in blocking of cells’
vital activity. However adding nanocomposites in food solution for infected potato in vitro did not
affect plants growth and development.

The researches show that selenium nanoparticles can be used for effective prevention and
suppression of diseases of potato ring rot caused by C.michiganensis. Used nanocomposites consist
of polymer arabinogalactan matrix, into which the selenium molecule is dipped. This combination
is effective, as arabinogalactan is a polysaccharide which is digested by many microorganisms.
Selenium has bactericidal properties but it is not toxic for plants in appropriate concentrations. All
of this determines the prospects of the research for future application.
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Rice is the important food culture for the south of the Russian Far East, therefore breeding is
necessary for new varieties with high harvest and crop quality. Anther culture in vitro is
successfully applied in breeding programs in rice-growing countries and in Russia. In anther culture
in vitro flow cytometry has application for division of regenerants group on haploid, dihaploid and
polyploid plants. There are data about clear divisible increase of chromosome set and position of
peaks is represented as constant magnitude. Cytological investigations in plant tissue culture in vitro
existence about not only genome variations from haploid to hexaploid but chromosome ones lead to
aneuploidy and endopoliploidy. In this case a nuclear DNA content can not be constant value. We
followed two aims in the work: to describe the population of androgenic rice regenerants on nuclear
DNA content by flow cytometry; to estimate the applicability of the combination of anther culture
in vitro and flow cytometry in the rice breeding. Rice regenerants (1099 ones), obtained in anther
culture in vitro of single hybrid plant, separated on four groups on morphological features: haploids
(sterile plants with very small flowers), dihaploids (plants with seeds), tetraploids (plants with very
few large seeds, expressed keel and ribbing on floral scales), plants without seeds (flowers were
normal size, but two or more sterile panicles); 176 plants from 1099 regenerants estimated by flow
cytometry.

Group of plants without seeds was characterized by high nuclear DNA content the coefficient
of variation — 32%. Probably, plants with double of chromosome set, triploids, tetraploids and
pentaploids got into the group. Endopoliploidy phenomenon was observed in this regenerants, five
plants had two peaks in detection of nuclear DNA content like haploids and diploids. 23 plants had
chromosome set nuclear DNA content approximate to dihaploids (average value 2,00 pg).
Obviously, aneuploidy phenomenon is characteristic for rice anther culture in vitro it can lead to
aliquant changes in chromosome set of regenerants which incompatible with rice production.
Groups of dihaploids and tetraploids was low variable (10,5 and 5,3%), average value nuclear DNA
content was 1,88 and 3,75 pg respectively. Haploids was characterized by high variability of
nuclear DNA content — 29%, average value — 0,89 pg.

Flow cytometry possible to apply for extraction tetraploids in complex with productive index
in rice breeding. It can use for rejection of haploids and phase of their cultivation in conditions ex
vitro as unpromising regenerants in rice breeding.
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Vaccines creation based on transgenic plants may be considered as a groundbreaking
technology in modern vaccinology with the advantages as compared to bacterial and yeast systems,
such as the lack of common human and animal pathogens, and high-level expression of
heterologous proteins. To date the development of tissue culture systems in duckweeds is limited to
species of the genus Lemna and Spirodella. Yet more promising target for biopharming is Wolffia
arrhiza as an object for submerged cultivation in a fermenter. We have developed a two-step
procedure of callus induction in Wolffia. The created protocols for callus induction and regeneration
allow achieving not only the high efficiency at each stage, but also proceeding to the development
of a protocol for Wolffia arrhiza stable transformation. The most efficient transgenesis and selection
of the transgenic lines occures in the presence of hygromycin B. The successful transformation
requires the presence both of 2,4-D and BA in the cultivation medium within 15 days. To induce
regeneration, after 2 weeks the explants were transferred to SH medium without growth regulators.
For transformation were used bacterial strains EHA105 harbouring plasmid pCamGCSF contains
double CaMV'35S5-driven hG-CSF gene containing signal peptide the rice a-amylase and ER-signal
(localization signal to the endoplasmic reticulum) and double CaMV35S-driven hygromycin
phosphotransferase (4pt) selection gene allowing for Hyg selection of transgenic plant tissues, were
used in agro inoculation experiments. In total, the experiments of agro transformation included
8095 explants, respectively, efficiency of 0.42% transgenes per 100 explants. As a result of
investigations, 34 transgenic lines of Wolffia harbouring both granulocyte colony-stimulating factor
genes were obtained. Integration of heterologous DNA was proved by molecular-biological
analyzes (PCR and Southern blot analyzes). Western blot assay and ELISA confirmed expression of
recombinant protein. Revealed two lines expressing G-CSF at 0.12 - 0.35% of the saturated protein
(= 30 mg target protein per 1 kg green weight of Wolffia arrhiza).
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In recent years, breeding of various crops in several countries widely used method of induced
mutagenesis, which allows to change the features and properties of plants and to obtain new forms
of (mutant) plants by exposing the mutagenic heredity factors. The selection of fiber flax, some
theoretical and applied aspects of induced mutagenesis still not established, which causes the
relevance of our work. For the development of mutation breeding flax - flax is necessary to include
new mutagens. In this connection, in the present study aims to compare the classical (N-nitroso-N-
methylurea) and not previously used in the flax-flax (N-nitroso-N-guanidine) mutagens. To find the
optimal concentration of mutagen sensitivity of the varieties studied for phenotypic expression of
traits. As a result of observations found that a small amount of chimeras manifested in phase, some
seedlings later - in phase "budding" and "bloom". With increasing concentrations of a decrease in
germination of seeds (except Class Grant, NMM, 6h. Exposure, 0.006% and 0.12% of exposure),
the height of plants and plant survival during the growing season. It should be noted that in some
embodiments, using nitrosoguanidine revealed complete destruction of the plants in the phase of
full ripeness of flax seeds. Particularly high lethal effect is set at 12 and 18 hours of exposure to a
concentration of 0.05%, 0.15% and 0.1%, 0.15%. During the phenological observations revealed
features of plant growth and development of experimental and control options flax. If the control
seedlings embodiments noted on day 6-8., In embodiments, the high exposure concentrations and
exposure seedlings were only 10-14 days. Mutagenic chemical nature of the factors influenced the
plant height, leaf area, internode length, number of pods and seeds. It should be noted that the
storage ability of plants in the experimental variants differ in cleaning.

As a result, the work received 78 mutant population whose study will be continued.
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High throughput genotyping platforms such as DArTseq, an Illumina 6k chip and genotyping-by-
sequencing (GbS) have been developed and applied to hexaploid oat, with significant amounts of
marker and associated phenotype data publically available at T3/oat
(https://triticeaetoolbox.org/oat/). However, no hexaploid oat reference genome is yet available,
complicating identification of candidate genes and refinement of markers to use in breeding
programmes. We have established a genome zipper for the wild diploid species Avena atlantica as a
proxy for the hexaploid A sub-genome. We have extended this to include orthologous hexaploid
sequences recovered from specific isolated chromosome fractions from the European spring oat
variety, Firth. Firth has been used as the common parent of a Nested Association Mapping
population (NAM), with twelve other parents of specific sub-populations providing diversity
representing modern and historical commercial cultivars, landraces and introgressions from wild
species. GbS has been carried out on 632 lines, all of which have been grown and phenotyped in the
field at IBERS over at least two years. A consensus map is being constructed, with additional data
being provided by RNAseq of parents and field trials in Poland, Turkey and Kazakhstan. Specific
subfamilies are being used to dissect yield component traits and identify major genes underlying
relevant QTLs based on ‘contig juggling’ between hexaploid and diploid assemblies. The same
approach is being used to identify genes involved in domestication, which are being mapped in wild
and weed hybrid populations developed by the University of Life Sciences in Lublin.
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Increasing economic efficiency of use of plants as "biofactories" - producers of proteins — has
served as the beginning of development of new technologies for the production of target proteins in
non-transgenic plants at the highest level. One of them is using transient expression systems of
target genes by self-replicating recombinant viral vectors. At the same time, there are still no
accurate criteria of a choice of optimal vector system for an expression of target proteins.
Considering this, an application of Tomato bushy stunt virus (TBSV) genome for creation of the
genetically engineered designs providing a transient expression of heterologous proteins in plants is
interesting. The fact that the TBSV genome encodes the pl9 protein, capable of inhibition of
posttranscriptional silencing and enhancing expression levels for each gene in the viral RNA
(including heterologous ones), is a significant advantage of the TBSV vector system. In this
approach, the CP gene in the developed TBSV vector was replaced by the codon optimized target
genes (human granulocyte colony-stimulating factor (GenBank accession number M17706.1), 1,4-
B-endoglucanase EI (GenBank accession number HQ541433.1) and glycoprotein gp51 of BLV
(GenBank accession number FM209472.1) that were synthesized by a PCR-based gene synthesis
method. The plant viral vector encoding target genes was delivered into 4-5 weeks old
N.benthamiana plants by agroinfiltration. In order to facilitate purification of the rhG-CSF from
plant materials the protein sequences were modified by the addition of the short amino acid tag (6 x
His). Four days after infiltration, expression of heterologous proteins isolated by using metal
affinity chromatography on Ni*’-NTA agarose has been verified by western blotting procedures.
The concentration of purified target proteins was determined by ELISA. Biological activity of
heterologous proteins has been studied by using an appropriate methodology. The results indicate
that the TBSV - based protein production system is suitable for transient production of proteins for
biopharmaceutical and industrial uses.
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Genetic engineering technologies allow developing of the plants with enhanced growth
hormones biosynthesis, which leads to a multiple increasing of growth rate and biomass
accumulation. Application of these plants in wood plantations will allow significantly reducing of
the production costs of wood raw. At the same time, the results of different research groups in the
field of genetic transformation of plants by the genes of growth hormones biosynthesis are still
insufficient and often contradictory.

Thus, the study was aimed to solving of the fundamental problem of plants genetic
engineering - usage of the genetic transformation for the development of the woody plant forms,
which are characterized by increased growth rate and biomass accumulation.

Populus xberolinensis Dippel, the hybrid of laurel-leaf poplar (Populus laurifolia) and black
poplar (Populus nigra), willow family (Salicaceae), was chosen for the genetic transformation.

Plasmid vector for the Agrobacterium mediated transformation was performed on the basis of
the commercial pRI 101-AN binary vector containing the general CaMV35S promoter, selective
kanamycin resistance gene — mpt/l and 5’non-coding region (5’-UTR) of Arabidopsis thaliana
alcohol dehydrogenase (ADH) gene as a translational enhancer.

As the gene of interest gibberellin 20-oxidase 1 from Arabidopsis thaliana (AtGA200x1) was
used. Genetic transformation of the poplar was carried out by incubation of stem explants in the
suspension of A. tumefaciens preliminary transformed by plasmid vector pRI 101-AN containing
AtGA200x1. Stems were inoculated into suspension and placed on the solid media for 24 hours
(darkness, 23°C). After incubation, the stem explants were incubated on the media containing 15
mg/L of kanamycin sulfate. The growing media was based on 2 MS with full norm of
microelements and Fe-chelate and contained following components: thiamine (1 mg/L), pyridoxine
(0,5 mg/L), nicotinic acid (0,5 mg/L), inositol (50 mg/L), kinetin (0,5 mg/L), indole butyric acid
(0,05 mg/L), sucrose (20 g/L) and agar (7 g/L). An acidity of the media was adjusted to pH 5.7 and
after sterilization kanamycin (15 mg/L) and cefotaxime (200 mg/L) were added. After 20 days of
stems exposition, kanamycin was removed from the growing media and regenerates were obtained
only in presents of cefotaxime purposed for inactivation of Agrobacterium. Obtained regenerates
were propagated on the same media but with reduced concentration on kinetin (0,1 mg/L) and
without indole butyric acid. Elongated regenerates were rooted on the media containing 0,15 mg/L
of indole butyric acid.

At the end of micro propagation, 23 regenerates were obtained. The absence of plants
contamination by A. tumefaciens was checked by incubation of leaves parts on the growing media
for the bacteria. The PCR analysis showed the positive reaction on nptl/l and AtGA200x1 genes in
genomic DNA of all obtained transgenes. Genetically modified poplars will be grown up in the
green house to estimate a physiological effect of AtGA200x1 over expression on the growth speed
and biomass accumulation of Populusxberolinensis. Further analyses such as qPCR and active
gibberellins detection will be also applied.

The study was financially supported by Complex program of fundamental researches Siberian
Branch of Russian Academy of Sciences (project No 0343-2015-0005), Russian Foundation for
Basic Research (project No 14-04-31681 mol_a), scholarship of President of Russian Federation for
young scientists (SP-3823.2015.1) and The Global Energy Non-profit Partnership.
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The productivity of the plant and its adaptability to environmental factors largely determined by the
coordinated interaction between the nucleus and cytoplasm. Nuclear-cytoplasmic interactions can
influence on fertility and agronomic performance of interspecific hybrids and their progenies. Both
cytoplasmic and nuclear genetic variations are potentially exploitable for practical purposes. It was
shown that the replacement of wheat cytoplasm with the cytoplasm of related species leads to the
formation of alloplasmic lines and affects nuclear-cytoplasmic interaction leading to transcript and
metabolite alterations (C. Crosatti et al., 2013). Depression in plant development and cytoplasmic male
sterility are manifested in the case of nuclear-cytoplasmic conflict. The fertility restoration of
alloplasmic lines provided by the influence of Rf-genes. In our work, the peculiarities of fertility
restoration in alloplasmic lines of common wheat resulted from backcrossing of barley-wheat hybrids
Houlgare (2n=14) x T.aestivum (2n=42) and H. marinum subsp. gussoneanum Hudson (2n=28) x T.
aestivum L. (2n=42) with different varieties of wheat, were investigated. The role of genotypic diversity
of common wheat and individual chromosomes for fertility restoration of barley-wheat hybrids and
their alloplasmic lines was determined. The nuclear-cytoplasmic compatibility doesn’t disrupt due to
the introgression of the alien chromosomes into the nuclear genome of these alloplasmic recombinant
fertile lines; the plants of introgressive lines are fertile and normally developed, and the states of the
cpDNA and mtDNA regions correspond to their states in fertile recombinant lines. A variety of
alloplasmic recombinant and introgressive lines (Hordeum)-T.aestivum with different levels of fertility
has been obtained. It was revealed that the barley-wheat hybrids and their alloplasmic lines are suitable
models for the study of organelle DNA transmission in wide hybridization. DH lines were produced
from androgenic plants with spontaneously doubled chromosome numbers and restored fertility that
induced in anther culture. Of the alloplasmic and their DH lines carrying wheat-alien translocations, the
most promising with the exhibition of agronomic valuable traits and resistance to diseases were used in
breeding programs. Currently, more than 1000 genotypes obtained with the participation of alloplasmic
introgressive and alloplasmic DH lines are used in breeding. So, perspective selection lines Lyutescens
(L) 310/00-2 and L-310/00-10 (carrying genes Lr26+Lri9, Sr31+Sr25) were produced using
alloplasmic recombinant lines L-80 resulted from backcrossed progeny of BCs-generations of barley-
wheat hybrid (as maternal genotypes): (H.vulgare, line 319) x (T.aestivum, cv. Saratovskaya
29)/Sar29/Ul’yanovka/Sar29/Sar29. L-310/00-2 and L-310/00-10 which displayed a complex resistance
to leaf and stem rust in different regions and serve as a source of genes to obtain new resistance
genotypes. The promising form L-311/00-22 has the following origin: (alloplasmic dihaploid line L-
17DH) x (Lai3302 x Druzhina). The line L-17DH was obtained by cultivation of anthers of alloplasmic
recombinant line L-17, which was formed on the basis of a plant that was isolated from the BC;s-
generation of the barley—wheat hybrid: (H. vulgare L. cv. Nepolegayushchi) x (7. aestivum L. cv.
Saratovskaya 29)/Mironovskaya 808/Mir808/Sar29. Six promising lines selected from form L-311/00-
22. One of these lines (L-311/00-22-5) as a spring common wheat var. Sigma was included in the State
register of breeding achievements of the Russian Federation from 2016. The line L-311/00-22-4 as a
spring common wheat var. Uralosibirskaya 2 is being tested in State variety trial.

This work was supported by Basic Project Ne 0324-2015-0005 and the RFBR (Ne 17-04-01738).
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A large number of phytopathogenic viruses harmful for most agricultural plants is described
here. Very important is the fact that besides direct harm to the productivity of plants these viruses
reduce resistance against adverse habitat conditions — deficiency or excess of water, changes in
insolation, higher content of pollutants, etc. Even latent viral infection in adverse conditions can
cause a serious disease. Many viruses quickly penetrate into natural plant communities and form
constant local foci of infection.

East Asia is recently notable for an intensive exchange of commercial agricultural products,
as well as samples of agricultural and ornamental plant species. Since viruses can be transferred by
vegetative parts and by true seeds, an invasion of these pathogens to new territories with planting
stock is observed. These are the most dangerous being new for stable natural and anthropogenic
plant communities.

We regularly monitored phytosanitary condition of agricultural crops and natural plant
communities in farms cultivating large range of crops using seeds and planting material imported
from other regions and from abroad. The list includes more than 10 crop cultures. We also studied
farms and organizations involved in breeding, seed production, and marketing of their products. At
the same time, a lot of plants with virus-like symptoms were revealed: garlic, pepper, tomato,
eggplant, cucumber, cilantro, plantain, and commelina.

In addition, to detect viral diseases in many districts of Primorsky Krai industrial crops of
most important cereals were surveyed, as well as adjacent forest stands and shelterbelts, meadows
and silage grass, and selection and crop areas of wheat, barley and oats in Primorsky Research
Institute of Agriculture. There were revealed several dozens of different isolates of virus diseases of
cereals.

Also private collections of ornamental plants were surveyed: dahlias, asters, irises, gladioli,
petunia hybrids, primroses, roses, hydrangea, peach-leaved campanula and lilies. A number of
plants of these species with virus-like symptoms were detected.

Electron-microscopic analysis of preparations of most of the studied crops revealed various
types of virions: filamentous, rod-shaped and isometric, indicating that phytoviruses are widespread
among the introduced plant material.

Further studies revealed that some pathogens are new to the region or primarily encountered in
the new hosts. Therefore, there were identified more than 10 new strains of cucumber mosaic virus,
new strains of potyviruses. For the first time, tomato aspermia virus was identified in lettuce, carrot
and parsley in the Russian Far East. Garlic cultivated from imported planting material revealed new
harmful strains of onion yellow dwarf virus and latent garlic virus. Several strains of viruses new for
the Far East were identified in cereal crops: dwarf corn mosaic, cucumber mosaic and tobacco
ringspot. The agents of natural focal diseases are nepoviruses transmitted with soil that, according to
our data, affect many horticultural crops.

It is concluded that all new viruses introduced with planting material cause serious diseases
and often spread rapidly, forming local epiphytoties. On the other hand, imported plant material can
be heavily infected by local strains and viruses, for example lagenaria and fenugreek imported for
testing as new cultures.

Monitoring of collections and nurseries revealed that it is difficult and sometimes impossible to
conduct breeding work to produce new varieties under transmission of viral infections.

Thus, to improve the quality of selection and seed-growing, the nurseries must be protected
from invasion of phytoviruses.
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Today, cereals make up around 50% of global food production. Wheat plant (Triticum
aestivum) is the world's most important agricultural crop and it cultivates in large areas as food
sources. Every year, large parts of the wheat yields are lost due to variety of biotic and abiotic
stresses.

Hence, nowadays scientists and breeders are developing new strategies to fight against such
plant pathogens and stresses via genetic engineering and biotechnologies. Most widely used
techniques from those are gene gun bombardment, microinjection, polybrene, tissue culture,
electroporation, in planta and agrobacterial transformation. In planta transformation is the most
effective and inexpensive method, and it is a branch of tissue culture that can allow obtaining
somoclonal lines of plants which are incapable to regenerate. This method is being used to obtain
transgenic lines by directly transformation of genetic vector constructs.

Thus, Agrobacterium-mediated in planta transformation protocols have been optimized by us
to improve range of traits of local Uzbek wheat varieties. As initial studies was used genetic vector
construction that express GUS gene from gene bank collection of our research Center. To introduce
this construct into wheat genome, in planta transformation were used and successfully obtained
some transformants. In research experiments for inoculation with Agrobacterium tumefaciens one
day old tissues of apical meristems were used. This is the easiest way to introduce T-DNA through
apical meristem to cereal crops, which is considered as target for transformation. Further, tissues we
subjected into media containing antibiotic cefotaxime in order to eliminate agrobacteria and kept
them at + 4 °C for vernalization, and transformants were selected by kanamycin afterwards.

Transformed plants demonstrated successful transformation for 3% based on molecular
determination, therefore now we are applying this agrobacterium-mediated in planta transformation
method to obtain new wheat lines resistant to several pathogens and stresses.
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PLANTS IMPROVING THEIR IMMUNITY AND INCREASING THE
PROCESSES OF GROWTH AND DEVELOPMENT
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In contrast to animal and yeast, where cholesterol and ergosterol, respectively, are prevalent, at least
four different molecular species (sitosterol, campesterol, stigmasterol, and cholesterol) represent the
most abundant sterol lipids (phytosterols) in plants. The initial stages of animal steroid hormones
biosynthesis occure in the mitochondria of steroidogenic tissues, where cytochrome P450scc
encoded by the CYP11A1 gene catalyzes the conversion of cholesterol into pregnenolone — the
general precursor of all steroid hormones, starting with progesterone. This stage is missing in plants
where mitochondrial cytochromes P450 (the mito CYP clan) have not been found. Instead, the
biosynthetic pathway for campesterol provides the precursors for brassinosteroids, phytohormones
involved in the regulation of plant growth and development. At the same time, number of animal
steroid hormones (pregnenolone sulfate, progesterone, 17-hydroxyprogesterone, 16-
dihydroxyprogesterone, androstenedione) and receptors which mediate mitochondrial cholesterol
uptake in animal cells were also recently discovered in many divergent plant species. To more
thoroughly compare steroidogenic systems of Plantae and Animalia, we have created and studied
the transgenic tobacco and tomato plants efficiently expressing cDNA of mammalian CYP11ALI.
The detailed phenotypic characterization of plants obtained have shown that through four
generations studied the transgenic tobacco plants have reduced period of vegetative development
(early flowering and maturation of bolls), enlarged biomass and increased productivity (quantity
and quality of seeds) compared to the only empty-vector containing or wild-type plants. Moreover,
the CYP11A1 transgenic plants show resistance to such fungal pathogene as Botrytis cinerea. These
two different valuable phenotypes are separated in two clearly distinct transgenic tomato lines
expressing CYP11A1 cDNA: one line (#4) have an accelerated rate of vegetative development,
while the other (#7) have enhanced immunity to abiotic and biotic stresses.
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V.N. Stegniy, A.K. Sibataev, G.M. Abylkassymova

National Research Tomsk State University, Russia, Tomsk

In breeding there are cases when certain types of plants and animals used as source material,
do not respond well to selection for the desired characteristics and do not exhibit the required level
of adaptive genetic plasticity. The reason for this may be different circumstances and primarily
genetic features Constitution of the species used for breeding. The study of the genetic aspects of
speciation and adaptation, carried out in our laboratory allowed us to identify a number of genetic
parameters, distinguishing evolutionarily labile species (generators speciation) and species
evolutionary conservative (terminal links in the phylogenetic chains).

When the evolutionary development of the taxon in the horizontal direction (cladogenesis or
adaptive radiation) signs of little specialisms evolutionary labile species genomes in each step of
speciation have been gradually replaced in the process of progressive specialization on the
characteristics of alternative (evolutionary conservative), reaching its highest expression in terminal
types: a decrease in the number of acrocentrics (Robertsonian merge), polyploidy, the "dispersion"
of heterochromatin, a sharp restriction of recombination, the formation of adaptive inversion
polymorphism, the extension of the zones of attachment of chromosomes to the nuclear envelope
(preservation of structure of the nucleus). These genetic parameters of the specialized types is also
important in the selection, preference should be given to the types (among closely related groups),
has the following parameters: a smaller number of chromosomes, the low level of recombination,
high intraspecific chromosomal polymorphism, dispersed on chromosomes, heterochromatin, and
transposable genetic elements, the presence of diffuse chromocenters.
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Two types of genome editing technologies, targeted mutagenesis and gene targeting, are
vigorously applied to several agronomicaly important crops. Targeted mutagenesis is useful if we
want to knock-out a targeted gene. In contrast, gene targeting enables precise modification of the
targeted gene using the specific template DNA. In both cases, finally we would like to remove
transgene used for genome editing completely from the plant genome to leave a desired point
mutation. In the case of a targeted mutagenesis in seed-propagated crops, once integrated into the
genome as a transgene, sequence-specific nucleases (SSNs) genes such are ZFNs, TALENs and
CRISPR/Cas9 expression cassette can be segregated out by self-pollination or back-crossing.
However, in the case of crops that are propagated vegetatively, transgene should be removed
without using genetic segregation. We found that piggyBack transposon can be used as a reversible
transgenesis vector in plants to put SSNs IN and OUT without leaving any footprints. Alternatively,
virus-mediated transient expression of Cas9 and gRNA provides an integration-free genome editing
method. We revealed that split SaCas9 system successfully works in plants. We are currently trying
to express pair of the split SaCas9 proteins using two kinds of plant viruses.

In the case of positive/negative selection mediated gene targeting method, a positive selection
marker gene is left at the targeted gene. Recently, we succeeded in removing the positive selection
marker gene completely using a piggyBack transposition. We can modify any sequence of the rice
genome precisely using this system.

147



PlantGen 2017. Session 4. Genetic Engineering and Crop Improvement Oral Session

NEW PARTICIPANTS OF SOMATIC EMBRYOGENESIS
IN MEDICAGO TRUNCATULA

V.E. Tvorogova, Y.A. Fedorova, T.A. Vaschkevich, L.A. Lutova

Saint Petersburg State University, Saint Petersburg, Russia

e-mail: krubaza@mail.ru

Somatic embryogenesis is a specific type of regeneration in plants, which includes formation
of embryo-like structures from somatic cells. It is widely used in plant biotechnology and
propagation. Many in vitro protocols for obtaining somatic embryos were developed, but there are a
lot of undiscovered molecular mechanisms underlying this process.

WUSCHEL-related homeobox (WOX) family transcription factors and PIN auxin transporters
are shown to play important and different roles in many aspects of plant development. The aim of
our research is to find new somatic embryogenesis regulators among the members of these gene
families.

According to our results, expression of three Medicago truncatula WOX family genes,
STENOFOLIA (STF), MtWOX9-1 and MtWOX-11-like, as well as expression of one PIN family
gene SMOOTH LEAF MARGIN 1 (SLMI), is associated with somatic embryogenesis. In
embryogenic calli, promoters of STF, MtWOX9-1 and SLM1 genes are active in somatic embryos
and also in adjacent zones of calli. Overexpression of MtWOX9-1 and STENOFOLIA genes leads to
increased embryogenic capacity of calli and correlates with changes in expression levels of several
embryogenesis-associated genes, including MtWOX-11-like, SLMI and several genes, involved in
hormone signaling and metabolism.

We are planning to identify targets of discovered somatic embryogenesis regulators by using
RNA-seq analysis, Y1H system and EMSA.

This work was supported by the grant of the Russian Science Foundation (1.53.917.2016)
and by the grant of SPSU (1.42.1288.2014).
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At present the whole potential of plant-microbial relationships is used for ecological
farmingwhereby it is possible to increase the quality and quantity of the crop. In this regard interest
in microbial biopreparations based on strains of PGPR-microorganisms (Plant Growth Promoting
Rhizobacteria) naturally increases. The strains isolated from natural biocenoses do not pollute the
environment and are safe for humans and animals. Such microorganisms include bacteria of the
genus Rhizobium (nodule bacteria or rhizobia), which are one of the most effective nitrogen fixers
in symbiosis with leguminous plants. However, rhizobia can act as associative PGPR
microorganisms, contributing to the improvement of growth and development, as well as mineral
nutrition of plants. One of the main disadvantages of biofertilizers, which worsen the effectiveness
of their action, is the instability of PGPR-strains in the soil due to the negative influence of
unfavorable environmental conditions and/or low competitiveness. Various methods are used for
increase of the efficiency of formation new associative symbiotic systems, including the creation of
transgenic plants that produce specific root exudates that determine the stage of recognition
macrosymbiontmicrosymbionts. Natural mediators can be usedto attach bacterial cells to the surface
of the root hairs. Such plant mediators are lectins of leguminous plants, which, being agglutinins,
attach rhizobia to the root surface and influence various processes occurring at different stages of
symbiosis formation. Thus, it was shown that the preliminary incubation of rhizobia with the lectin
of the macrosymbiont plant increases the number of nodules and, consequently, the productivity of
symbiosis. It is known that the specificity of the legume-rhizobia symbiosis changes in the presence
of lectins. Thus, expression of the gene encoding pea lectin allowed to significantly increase the
amount of rhizobia colonizing the roots of transgenic rice and other non-plant plants (Vershinina
Z.R. et al. 2012). Another natural mediator is a bacterial adhesin RapAl, involved in the adsorption
of bacteria on the surface of plant root hairs. Previously part rapAl encoding gene (727 bp) was
amplified from DNA of Rhizobium leguminosarum PVu5, obtained from bean nodules using Pfu-
polymerase (Nigmatullina L.R. et al. 2015). Further rapA1 gene was cloned into the binary vector
for plant transformation pCambial301 with leader peptide (110 bp) from pea lectinps/ under the
control of the constitutive 35S promoter of cauliflower mosaic virus.Subsequentlycomposite tomato
plant were obtainedusing Agrobacterium rhizogenes 15834 bacteria. The plants stably produced
RapA1l protein in roots, this phenomenon was proved by Western blot analysis of proteins. In
addition, immunofluorescence analysis was carried out, showing the localization of the target
protein RapAl on the surface of transgenic tomato roots.Further testing was devoted to adhesion of
bacteria to the root hairs of composite plants. For this experiments,roots ofone-month-old composite
and control seedlingswere inoculated with rhizobia R. leguminosarum PVu5, pre-labeled with red
fluorescent protein (RFP).After incubation with roots bacteria within 24 hourswe counted the
number of cells adhered on the roots of control and compositeplants. Analysis showed that
transgenic roots of composite plantswith RapAl sorbed on average 15 times more bacteria in
comparison with the control plants.

These data leave no doubt that the bacterial adhesin RapAl from R. leguminosarum is
possible to use as a tool to create associative symbiotic systems de novo.

This work was supported by Russian Foundation for Basic Research Ne 14-04-97005; Ne 16-
04-00902 A; Ne 16-34-01076.
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Oat is a grain crop in China. It is widely cultivated in north, northwest and southwest parts of the
country. Oat is the staple food for many local people in producing areas. It is also popularly used
for animal feed. In the long history of cultivation, various types of local oat varieties were derived
and remained under different agroecological environments in China. Since 1980s, over 5268
accessions of oat germplasm have been collected and conserved by the national genebank of China,
including 2482 accessions of naked type, 2652 accessions of hulled type and 134 accessions of wild
species. Morphological variation was characterized for the traits of plant, panicle, flower and grains
of oat accessions. Passport and characterization data were documented and shared in National
Information System of Crop Germplasm Resources. Efforts were made to evaluate the resistance to
drought and salt for oat accessions. Multilocation trials in different environments were carried out
to identify accessions with adaptation to the climate change. Genetic diversity of oat collection was
assessed with molecular markers, such as AFLP and SSR. With the constructed genetic linkage
maps, QTLs related to important traits such as B-glucan content, grain size and plant height were
identified. The efforts in conservation and evaluation has promoted the sustainable use of oat
germplasm and contributed to the development of oat industry in China.
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The protein content in different types of wheat was formed due to the prevalence of various
protein  fractions: globulin in the grain of Ae.triaristata and Tr.militinae;  gliadin  in
Tr.dicoccoides, Tr.dicoccum and Tr.timopheevi. Glutenin type protein (osborn alkali-soluble fraction),
important for gluten formation, is marked on the minimum level of /4,3% (Tr.kiharae)
to 20,1% (Tr.timopheevi). The protein content in the grain of transitional forms within the north
conditions meets the requirements of satisfactory improvers (=14,0%) as well as for genotype
Kazakhstanskaya 10 x Tr.dicoccum 1in the south conditions. The amount of gluten proteins over 50%
allows to predict stable formation of gluten for transitional forms, and partly for wild relatives. The
amount of gluten proteins, gliadin and glutenin, varies from 49.5% (Kazakhstanskaya 10 x
Tr.dicoccum) to 56.9% (6583 x Tr.timopheevi) for transitional forms. For wild relatives the amount
varies from 29,0 % (Tr.kiharae; Tr.militinae) to 55,5 % (Tr.dicoccoides). The ratio of gliadin to
glutenin in wild relatives is typical in favor of gliadin from 1,03 (7r.militinae and Tr.kiharae) to 2,34
(Tr.dicoccoides). In transitional forms prevalence in this ratio is observed both in favor of gliadin and
glutenin (0,74-1,58).

Synthetic forms of spring wheat are suitable for bread-making with prognostic quality levels
"Filler" and "Valuable". A number of samples of wild relatives are well suited for industrial use in
their pure form. 7r.kiharae and Tr.militinae can be problematic in their pure form due to gluten
content, and Tr.dicoccoides - due to gluten quality (very elastic), and most of them were
sulfurdificient except Tr.compactum,; Tr.timopheevi; Tr.turgidum, Tr.aephiopicum.Sulphur
deficiency in grain according to N:S ratio was detected in the early reproductions of almost all
synthetics, gradually decreasing in generations to 14,8-16,2 except in Erythrospermum 350 x
Tr.militinae and Zhetysu x Tr.militinae genotypes.

Synthetic forms of winter wheat, according to bread-making type evaluation, are marked as
"Valuable" and "Filler". According to physical properties of flour and dough, synthetics vary in dough
dilution from 80 to 170 EF, at the level of "Filler" and "Weak" wheat with the best value for the
following genotypes: Bezostaya 1 x Ae.triaristata and Erythrospermum 350 x Tr.militinae (49-45
farinograph units). Bread-making type evaluation shows that bread baked with flour from grain of
synthetics is comparable in volume to varieties, including above standards of Almaly (720-760 ml) and
Karahan (800 ml) in appearance, porosity and overall bread-baking evaluation.

Cultivars used in the crosses are characterized by valuable high molecular weight glutenin
subunits alleles in terms of quality (score 9 and 10 by Payne scale). Identification, and thus and
forecast of grain quality, in wild relatives is difficult because of their pronounced difference from
the varieties gene pool. Synthetics are forecasted at high molecular weight glutenin subunits, grain
hardness and 1B/R as a class for a strong 60% of the total unit.

Results of electrophoretic analysis of gliadin allowed to establish genotype specificity for the
Triticum and Aegilops types. Using cluster analysis wild relatives were classified, and the most
remote from the examined forms 7r.monococcum (a single diploid sample studied in the unit)
and Tr.ispanicae were highlighted. The distribution of species across 3 clusters is determined by the
absence of (full or of a majority) a-group for Aegilops, and the absence of ®9 and ®89 for
tetraploid wheats and Tr.compactum (A°GD).

Research was carried out for the project 0115RKO00717 "Synthetic forms as a basis for
preservation and usage of wild relatives gene pool for wheat grain quality (nutritional and technological
aspects)".
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Detection of genetically modified crops can be achieved by a nucleic acid detection (the
amplification of GMO-specific DNA amplicons using PCR). GMO detecting target nucleic acid is
inserted foreign gene, including the integration site of the foreign gene, a promoter, a terminator, a
selection marker gene and the nucleic acid sequence the reporter gene, such as the cauliflower
mosaic virus (CaMV) 35S promoter, the nopaline synthase terminator (NOS terminator) and so on.
GMO detection current database has a list of PCR primers to detect all kinds of endogenous
reference gene (http://gmo-crl.jrc.ec.europa.eu/gmomethods/). Here we have applied the loop-
mediated isothermal amplification (LAMP) method to amplify the commonly-used motifs of the
genetic construct (virus regulatory elements) DNA sequences. The isothermal techniques utilise
DNA polymerases with strand-displacement activity and are used as a nucleic acid amplification
method that can obviate the need for the repeated temperature cycles. Displacement primers help
the formation of these hairpins at the ends of the DNA strands and once formed, these structures can
be copied into a series of DNA fragments containing multiple units of the target sequence under
isothermal conditions utilizing the displacement properties of Bst polymerase. The disadvantages of
LAMP are complicated primer design and non-specific amplification can take place, where the
target DNA is absent and there are low amounts of DNA present in the reaction. We have designed
LAMP assays and demonstrated our FastPCR software (http://primerdigital.com/fastpcr.html) for
efficient LAMP assays design. The chosen primers match motifs sufficiently conserved in the
promoters to allow amplification of almost all targets in the genome. Target sequences for CaMV
35S and T-nos were chosen based upon common identity between different plasmids in the EMBL
database containing the promoters and terminator. We have tested the specificity of the technique
for use in GMO studies. This work shows that GMO detection can be carried out using LAMP for
routine screening.
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The main areas of spring wheat cultivation are the northern regions of Kazakhstan,
characterized by late spring, early autumn and short summer. Crop destruction of most commercial
cultivars under the autumn rain and frostsbrings huge economic losses.Therefore, the creation of
precocious lines and cultivars of main agricultural crop - spring wheat, is a very actual task.

We have developed cell technology for creation precocious forms of spring wheat with the
complex of valuable economic-biological traits. This method was tested on 28 commercially
important wheat varieties of new generation which are cultivated in Northern and Central
Kazakhstan. 398 RO plants were regenerated from long-term cultivated calli of 28 wheat varieties.
From these 110 plants of 18 varieties brought up R1 seed generation. 47 lines (37%) from those
110 lines of R1 we selected that had accelerated term of maturation on 3-6 days compared to
initial varieties. Ecological trial of selected lines in R2 generation at North and Central
Kazakhstan conditions allowed to prove the expression of the precocity trait (accelerated
development on 1-8 days) and to select the precocious forms (25-47,7% from the number of lines
tested) with high productivity and drought resistance traits which were most prospective for each
region.

In 2016 17 precocious lines (70,8%, 3-8 days earlier, than standart) were selected from 24
wheat lines of R4 generation in Pavlodar region, in Kustanay region - 15 precocious lines (44,1%,
2-4 days earlier) were chosen from 34 lines of R4 generation. Almost all selected precocious lines
have either an increase of productivity or have similar level comparing withstandart.

It should be noted that the obtained output of precocious forms aremuch higher than output of
transgenic forms with introduced useful genesobtained by genetic transformation (0,1-2,0%) (Liang
Skinner, 2004). Therefore, we believe the cell technology developed in our laboratory is an
effective alternative biotechnological method for the creating of precocious forms of spring wheat.

This work performed under the applied project Ne 1911 of GF1 program (2012-2014) and the
Programm of fundamental research Ne0149 of Target Program Funding (2015-2017), SCMES, RK.
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Gene expression of transcription factor DREB2A inside pathways signal transduction occurs
in conditions of high temperatures and drought and requires post-translational modifications.

During the cloning, was conducted in vitro mutagenesis of the coding sequence of the gene
DREB2A from Arabidopsis thaliana, the aim of deletions had a size of 90 nt in the central region to
purchase AAtDREB2A gene, encoding the catalytically active form of the protein.

For the subsequent agrobacterium-mediated transformation of maize plants were used
recombinant DNA construct containing gene coding sequence of the transcription factor
AAtDREB2A4, which was cloned in the composition of the agrobacterial binary vector
pCAMBIA2300 under the control of inducible promoter 7d294 gene of Arabidopsis thaliana, and
different 5’-noncoding sequences (5’-TMV, 5’-PVY or 5’-AMV), 3’-NTP tobacco mosaic virus
(3°-TMV) and the nopaline synthetase (nos) terminator gene, required for expression of the
transgene in plant cells.

Transformation was performed by the method of cultivation of immature embryos of inbred
lines of maize, which were kindly provided by A. Sh. Omarova (Scientific research Institute of
agriculture and plant growing) on agrobacterium-mediated lawn. As a result of the transformation
47 plants was obtained, after screening on selective nutrient medium. The obtained plants were
verified for the presence of DNA target gene AAtDREB2A, as well as RNA transcripts.

23-plants, which have shown a positive response to the presence of the transgene, have been
landed in soil in controlled conditions, adapted to greenhouse conditions. From each plant have
been selected a plant material for isolation of total RNA and conducted the reaction of reverse
transcription to determine the presence of RNA transcripts corresponding to the target gene. A
positive response was obtained from nine plants (variants of 5’and the TMV 5’-AMV).

Moreover in a laboratory conditions initiated testing the transgenic lines for resistance to
drought conditions.
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Ornithine aminotransferase (OAT) enzyme catalyzes the transfer of the delta-amino group
from L-ornithine to oxo-glutarate. In plants, this reaction biochemically connects urea cycle, proline
cycle, and poliamines biosynthesis pathway. OAT activity is usually associated with biotic and
abiotic stress response and nitrogen metabolism.

To study the functions of plant OAT gene, a set of genetic models has been created in our lab:
transgenic N. tabacum plants with overexpression and antisense suppression of OAT gene and
transgenic A. thaliana plants with reporter gene system containing E.coli B-glucuronidase gene
(GUS) under A4. thaliana OAT gene promoter control. Our previous results show that OAT
promoter activity is associated with growth zones, and transgenic N. tabacum plants with
constitutive overexpression of OAT gene demonstrate high growth performance under salt
stress.

The aim of present study is to investigate the role of the plant OAT gene in processes
related to plant growth.

The transcriptional regulation of OAT gene was investigated on A. thaliana plants with
reporter gene system. Seedlings were treated with different growth regulators; the promoter
activity was analyzed histochemically. The reporter protein expression was observed in
response to different forms of auxin (IAA, NAA, and 2,4D), cytokinin (6-BAP), and ethylene
precursor (ACC). These results allow us to suggest the role of OAT gene in plant cell
proliferation and expansion.

To investigate the role of OAT gene in cell proliferation a model system of in vitro crown
gall formation was implicated. Crown gall is a plant tumor caused by 4. tumefaciens. Leaf
explants of model transgenic plants N. tabacum with overexpression and suppression of OAT
gene were infected by A. tumefaciens virulent strain A281. The dynamics of gall formation was
estimated. Preliminary results show gall formation is suppressed in transgenic N. tabacum
plants with OAT gene constitutive overexpression.

The results show that OAT gene might be involved in plant cell proliferation processes.

The work is supported by Ne 0324-2015- 0005 Budget Project.
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CLE peptides (CLAVATA3/ENOSPERM SURROUNDING REGION) are small proteins
that play a role in regulation of various types of meristems: shoot and root apical meristems, pro-
/cambium, nodule meristem and tumors. Potato is the most important non-cereal in the world and
the global production of potato tubers exceeds 300 million tons per year. In our work, we focused
on the role of CLE-peptides in the tuber development in potato (Solanum tuberosum L.). We
identified 12 StCLE genes from potato (Solanum tuberosum Group Phureja) genome and analyzed
their phylogeny, gene structures and chromosome locations. Real-time PCR analysis showed that
expression of some StCLEs changed after initiation of tuber development. In addition, we found
cortex-, pith- and perimedullary region-specific expression of some StCLEs. We suggested that
CLE peptides encoded by these genes regulate tuber development.
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ANTHOCYANINS IN WHEAT: PLANT PROTECTION AND HEALTH
BENEFIT

E. Gordeeva®, 0. Shoeva ', R. Yudina’, N. Usenko °, Y. Otmakhova ?,
T. Amstislavskaya I, K Pavlov. 1, E. Khlestkina '~

' The Federal research center Institute of Cytology and Genetics, Siberian Branch of the Russian
Academy of Sciences, Novosibirsk, Russia

? National Research Novosibirsk State University, Novosibirsk, Russia

Email: elgordeeva@bionet.nsc.ru

Anthocyanins can be synthesized in wheat grains, leaves, culms, coleoptiles, auricles, glumes
and anthers. A precise genetic model, such as NILs (near-isogenic lines), is useful for comparative
studies aimed at finding out advantages (or disadvantages) of the presence of anthocyanins in
different parts of wheat plant. Marker-assisted backcrossing approach based on the microsatellite
DNA markers was used to develop a set of wheat NILs with different combinations of anthocyanin
biosynthesis regulatory genes. By our estimates, the use of the DNA-markers at least twice
decreased time needed for line development, and reduced sowing area needed for this at least 70
times. A current set of NILs derived from cultivar Saratovskaya 29 includes 10 lines. It was
demonstrated that the presence of anthocyanins in coleoptiles has some protective effect on
seedlings grown from seeds exposed to moderate irradiation dose (50 Gy), while their accumulation
in grain pericarp has a potential for seed longevity. The NILs differing by the presence of
anthocyanins in grains were also used to access influence of 'anthocyanin' diet on mice cognitive
ability and to estimate its neuroprotective effects. Behavioral phenotyping showed that intact
animals from the group that were get grains of NIL with anthocyanins, had higher rates for working
memory assessment than animals receiving grains of NIL without anthocyanins. Further question
was, whether good-quality bread can be obtained from anthocyanin-colored grains. Again, we
compared NILs to distinguish the effect of anthocyanins from many other biochemical features,
which could influence bread quality. It was shown, that bread-making quality and organoleptic
properties of bakery products made from anthocyanin-colored grains, did not concede, or in some
cases were higher than corresponding properties of products obtained from control NIL grains. It
was demonstrated that anthocyanins are resistant to baking process. By our estimates one can get up
to 1,03 mg of assimilable anthocyanins with 100 g of whole-grained bread produced from
anthocyanin-colored grains.

Thus, the specific wheat genes responsible for anthocyanin pigmentation are an attractive
target for future accelerated marker-assisted breeding.

The Russian Science Foundation (Project No 16-14-00086) supported comparative studies of
the NILs under irradiation exposure and assessment of 'anthocyanin' diet effect in mice.
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INSERTION OF 2A PEPTIDES BETWEEN ORF4 AND ORFS5S
OF GRAPEVINE VIRUS A

D.A Gritsenko*, N.N. Galiakparov

'Institute of Plant Biology and Biotechnology, Almaty, Kazakhstan

*e-mail: d.kopytina@gmail.com

Grapevine virus A (GVA) is responsible for considerable crop losses. GVA (a Vitivirus) is
associated with the Kober Stem Grooving disease. Virus genome is positive RNA with 5 open
reading frames (ORF). ORF3 incodes movement protein, ORF 4 is coat protein and ORF 5 is
binding protein and involved in pathogenesis. The investigation of GVA molecular biology will
allow to develop a viral vector for the production of heterologous genes in plants. Usually, the viral
vectors for simultaneous expression of several proteins contain IRES or 2A peptides (self-cleaving
peptides). In this work the insertion of T2A / T2A-E2A sequences between ORF4 and ORFS5 of
GVA was carried out to study the effect of the 2A peptides on the efficiency of the capsid protein
and infection process. pCASSgva vector carrying the complete genome of GVA was used for
modification of the grapevine virus A genome. The gene encoding the capsid protein was changed
by using PCR mutagenesis for removing the stop codon. CP-T2A-ORF5 / CP-T2A-E2A-ORF5
constructs were developed; T2A-ORFS5 / T2A-E2A-ORFS5 were in frame with CP gene and under
control of CP subgenomic promoter. The complete modified genome of grapevine virus A for two
constructs was assembled in pCAMBIA 2300 binary vector. Proteins were isolated from infected
leaves of N. benthamiana at 4 day after agroinfiltration and capsid protein expression was
confirmed by western blotting. Expression results show that capsid protein and ORF 5 protein was
cleaved but we could not behold any symptoms of infection on the upper leaf surfaces during 20
days.
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DEVELOPMENT OF IN VITRO REGENERATION SYSTEM
FOR OAT LOCAL VARIETIES

1. Kapasuly, Z.R. Muchitdinova, N.K. Bishimbayeva

Institute of Plant Biology and Biotechnology (IPBB), SC MES RK
Almaty, Kazakhstan

e-mail: gen jan@mail.ru

Effective use of biotechnological methods in crop breeding depends on the development of in
vitro plant regeneration systems. Oats is known as one of the most "difficult" grain crops,
characterized by a low frequency and strong genotype dependence of embryogenic structures
induction and plant regeneration. It was shown, that only one genotype from 15 oat genotypes has
been selected as high embryogenic, and plant regeneration has been distinguished only for two
genotypes (Birsin et al., 2001). Therefore one of the important tasks of modern plant biotechnology
is the overcoming of genotype dependence of in vitro plant regeneration process in oat tissue
culture. The aim of this work was to reveal common regularities of morphogenesis in vitro for
different oat cultivars and to develop universal regeneration system acceptable for different
genotypes. For this purpose we studied callus induction process, morphological heterogeneity,
metamorphosis and regenerative potential of the induced tissues. All stages of investigation were
accompanied by histological investigation of primary, long-term subcultivated tissues and tissues in
the moment of methamorphosis.

Three oat cultivars of Kazakh Research Institute of Agriculture and Crop Production —
Kulan, Jorhga, Kulager, were used as an object of investigation. It was established that callus
induction and morphogenesis processes of all three genotypes depend on 2,4-D concentration.
Maximum rate of callusogenesis is varied from 46.8 to 60.7 % depending on cultivar. There are two
common morphological types of calli have been identified in oat tissue culture: friable
nonembryogenic (NE) and globular embryogenic callus (EC). Friable tissue is more stable and
produce embryogenic callus during methamorphosis in optimized media. EC induction ranges from
23.53% to 58,8% depending on genotype. Regeneration of plants from embryogenic callus has been
achieved in optimized medium.

Histological study of EC revealed a common features: a huge amount of single embryogenic
cells on the surface of the embryogenic tissue and globular embryoid separation, which indicate that
in this type of callus, embryoids can have both unicellular and multicellular origin. On the surface
and inside of EC the dense net of extracellular substances, stained by alcian blue, has been
observed.

Thus, for the first time we have studied the processes of metamorphosis of oat callus tissues,
identified morphologically stable tissue types universal for different genotypes. We have developed
in vitro regeneration system for oat local varieties which can be used in plant transformation works
as a recipient system for introduction of usefull genes into oat genome. Also this system is of great
scientific interest as an object for the study of totipotency of plant cells in vitro.

This work performed in the framework of fundamental research program Ne0149, Target

Program Funding, IPBB, Science Committee, Ministry of Education and Science, Republic of
Kazakhstan (2015-2017).
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In the Volga region, as well as in Russia as a whole, the problem of the direct use of DH-lines
as a elite selection lines is a new. The homogeneity of the varieties of haploid origin can address the
problem of their adaptability in this unique climate region, primarily drought resistant.

By analysis of the advanced DH-lines and varieties in comparison with the official standard it
was founded, that they are exceeded it at 0, 18-0, 50 t / ha. DH-line Ne9 was the leader in the grain
yield in different years of studying. On the second indicator of adaptation - the 1000 grains weight
- DH-lines were compared to inbred lines in arid Volga region.

A prerequisite of haploid breeding using is its ability to express different types of gametes
that ensures the implementation of the potential genetic variability of hybrid population and its
breeding value. In a comparative study of 10 DH-lines derived from one hybrid was revealed the
different degree of selectable features - grain yield, 1000 grain weight, plant height and index of
SDS-sedimentation. Genetic diversity of lines derived from this hybrid was reflects in the spectrum
of storage proteins - gliadins and glutenins. A wide range of variability of traits of DH-lines
reflected the numerous types of recombination in microspores.

Thus, in the arid Volga region triticale DH-lines compete with the standard and inbred lines
for grain yield and 1000 grain weight as the primary adaptive traits. The possibility of obtaining
positive transgression does not depend on the method of creating a breeding material. The potential
genetic variability of the hybrid caused by genes recombination. At the same time it should be
noted that the bottleneck of haploid biotechnology in cereals is a genotypic relationship in all
phases of DH-lines production, which limits their use in a wide crosses.
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CROP GENES MODIFIED USING CRISPR/CAS9 SYSTEM: SYSTEMATIC
ANALYSIS OF PUBLISHED REPORTS

A.M. Korotkova, S.V. Gerasimova, V.K. Shumny, E.K. Khlestkina

The Federal Research Center Institute of Cytology and Genetics, Novosibirsk, Russia
e-mail: korotkova@bionet.nsc.ru

CRISPR/Cas9 system is the most promising among genome editing tools. When applied to
crop genes, it can provide development of modified nontransgenic plants with possibility of
simultaneous multiple modifications.

Systematic analysis of reports on the use of CRISPR/Cas9 in crops was carried out. From a
total of 200 articles found for 42 crops by search for "CRISPR & crop name" within article titles,
abstracts and keywords in Scopus database, only 87 has been recognized as original articles
describing editing crop genes with CRISPR/Cas9 system, resulting in modification of 139 genes of
15 crop species with maximum in rice (76 genes). In these studies, ability to get modified
nontransgenic plants was widely demonstrated. However, in most cases modifications have been
done either to study gene function or to try/adjust/modify the technology to certain crop/genetic
system. Less than 50 target genes were modified for potential crop improvement. In most of these
cases, modifications resulted in knockout of the genes such as negative growth regulators or
negative regulators of plant resistance. Knockout of these genes resulted in increased productivity
and plant resistance, respectively. Other phenotype changes achieved by CRISPR-directed gene
knockout are reduced height, which may have positive effect on plant productivity, and increased
tolerance to herbicides. However, since estimated number of “negative regulators” is limited in
plant genomes, the CRISPR-directed gene knockout has a restricted potential for crop improvement.
Intensive application of CRISPR/Cas9 system for more complicate modifications such as
replacement of defect alleles or insertion of desired gene is required. In addition, to provide a basis
for broad practical application of genome editing, more cultivars of crop species should be involved
in ongoing studies. Just a few genotypes have been used for CRISPR/Cas9-based gene
modifications thus far.

In our studies, we focused on the use of CRISPR/Cas9 system to change cereal grain and
spike morphology. Primary target genes selected for modification are barley Nud and Vrsl genes.
Knockout of these genes is expected to transform hulled grains to naked and two-rowed spikes to
six-rowed, respectively. Target genotypes are hulled two-rowed spring barley cultivars from the
local collection of spring barley. The current results of ongoing large-scale screening of these
cultivars for regeneration ability as well as development and application of constructs for
CRISPR/Cas9-based knockout are presented and discussed.

The study was supported by the Russian Science Foundation (Project No 16-14-00086).
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WHEAT TRANSFORMATION EFFICIENCY IN BREAD WHEAT CV.
SARATOVSKAYA 29, KAZAKHSTANSKAYA 19 AND ALMALY

E.R. Maltseva, Y.A. Skiba, A.P. Chirkin, G.A. Iskakova, N.A. Yurkevich,
S.S. Baizhumanova, D.A. Naizabayeva, R.E. Zhidkeyeva, G.A. Ismagulova

M.A. Aitkhozhin Institute of Molecular Biology and Biochemistry, Almaty, Kazakhstan

e-mail: elina_m@inbox.ru

The main index of plant transformation’s success is its efficiency. It is especially important for
biolistic method, where it is not high with accidental maximum shown in some studies. Biolistic
transformation efficiency depends on bombardment’s parameters, donor material’s condition, and
even more on the genotype of the plant chosen for the experiment.

In this study we have established stable transformation efficiency for three bread wheat
varieties cultivated in Kazakhstan — spring wheat Saratovskaya 29 (St 29) and Kazakhstanskaya 19
(Kz 19), and winter wheat Almaly.

Minimal expression unit carried wheat chitinase gene with gene conferring resistance to
hygromycin. The protocol of cell culture work and the conditions of bombardment are given in
previous publications. The target gene insert was checked by PCR with specific primers.

A total of 2652 explants were used for biolistic transformation (St 29 — 468, Kz 19 — 732,
Almaly - 1452). The experiment resulted in 14 transgenic plants with average efficiency of 0.53%.
Both Kz 19 and Almaly showed 0.55% of efficiency with 4 and 8 plants correspondingly, while this
index was lower for St 29 — 0.43% with 2 PCR-positive plants. In transformation experiments we
should also account for the regeneration ability of wheat. The three studied varieties were chosen
after preliminary experiments, which showed their fitness to cell culture work. The average
regeneration effectiveness of the experiment, i.e. the ratio of plants produced for PCR analysis to
the number of explants, was 3.1%, with Kz 19 expressing the lowest regeneration index of 1.8%
and Almaly being most successful with 3.9%. The selection stage yielded 71 regenerant plants, only
14 of which (19.7%) were PCR-positive, meaning that hygromycin selection press must be
stronger (100 mg/l) than recommended (50 mg/1).

Thus, three bread wheat varieties were found to be suitable for stable biolistic transformation
and showed good results in transformation efficiency study. Further research of insert’s stability is
under way.
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EFFICIENCY OF BIOLISTIC CO-TRANSFORMATION IN POTATO
VARIETIES AKSOR AND NEVSKIY

Y.A. Skiba, E.R. Maltseva, A.P. Chirkin, N.A. Yurkevich,
D.A. Naizabayeva, R.E. Zhidkeyeva, G.A. Ismagulova

M.A. Aitkhozhin Institute of Molecular Biology and Biochemistry, Almaty, Kazakhstan

e-mail: yuriy.skiba@gmail.com

A whole set of approaches is used for potato transformation, agrobacterial being the most
popular. However, biolistic transformation offers an opportunity of introducing several genes with
high co-transformation efficiency. At the same time, no backbone DNA is introduced since only
minimal expression units are used.

The experimental series was focused on stable introduction of two genes — chitinase and b-
1,3-glucanase — to potato varieties cultivated in Kazakhstan (Aksor and Nevskiy).

The regeneration abilities of various explant types were tested and internodes’ callus was
chosen for further use. Biolistic transformation was carried out using pBI121 vector with 100 ng of
each target gene for minimal expression unit driven by CaMV-35S promotor. After the
bombardment the explants were recovered on the medium with half dose of the osmotic agent and
then subcultured to medium supplemented with 2,4-D and zeatin. The selection was carried out with
kanamycin and resulting potato shoots analyzed by PCR with target gene-specific primers.

There were 5 experimental series 10 plates each, with total of 862 explants: 475 of Aksor
variety and 387 of Nevskiy. The experiments resulted in six transformed plants: one carrying
chitinase gene insert, one — glucanase gene insert, and four plants with both inserts. Both varieties
were found suitable for biolistic approach and for selection with kanamycin, which is genotype-
dependent and might make regeneration lower. The average transformation efficiency was found to
be 0.7% with maximum of 0.96% for Aksor internodes. The efficiency of co-transformation was
66.7%, adding to the data of other authors who point out the high level of target genes’ co-
integration from two independent minimal expression units.

Biolistic transformation is still not very popular for potato, despite the advantages it offers.
The information on the efficiency of this method is scarce and in many cases incomparable, making
the data collected in this study valuable for comparison of the stable transformation efficiency in
potato.

163



PlantGen 2017. Session 4. Genetic Engineering and Crop Improvement Poster Session

EXPRESSION IN PLANTS OF THE C-TERMINAL FRAGMENT OF THE
HUMAN ALPHA-FETOPROTEIN
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Human alpha-fetoprotein (hAFP) is an embryo-specific protein, also known as a tumor
marker and could be found in some cases of liver and reproductive system cancers. The C-terminal
fragment possesses essential properties of the full-size hAFP, such as the ability to bind to the AFP-
specific receptor and to inhibit the proliferation of estrogen-dependent cells in vitro. Biological
features of the hAFP offers great opportunities to develop various anticancer drugs that could be
highly selective to the tumor cells. However, this promising perspective is limited to the complexity
and the cost of the hAFP purification from the abortion serum. Plant-based production is the way to
simplify and cheapen the production of hAFP.

The cDNA fragment corresponding to C-terminal 357-590 amino acids of hAFP was
amplified by PCR using full-length cDNA as a template, which has been cloned earlier from AFP-
producing human hepatocellular carcinoma (HepG2) cell line. The amplicon was cloned first into
bacterial vector pET11d, expressed in Escherichia coli and then was transferred into plant vector
pCAMBIA2300. Recombinant DNA construct in plant vector contained the following cis-
regulatory sequences: 35S CaMV promoter; 5’-untranslated region of tobacco etch virus;
transcription terminator 35S CAMYV. This recombinant DNA construct was used for stable
transformation of tobacco plants Nicotiana benthamiana. The transgenesis was confirmed by PCR
analysis of genomic DNA extracted from kanamycin-resistant plants. Subsequent western blot
analysis showed expression of the recombinant C-terminal fragment of AFP with molecular mass
about 27 kDa in some transgenic plant lines.
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MAPPING OF PHOTOPERIOD RESPONSE LOCI IN THE RILS
POPULATION OF HEXAPLOID OAT
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Photoperiodic sensitivity (PS) is one of the most important agronomic characteristics, which
determines the performance of crops and their adaptation ability. The genes responsible for
photoperiod reaction (Ppd) in hexaploid oats (Avena sativa L.) are not identified yet. Identification
of Ppd genes for oat would significantly improve the selection of early ripening varieties, which are
less affected by Fusarium toxins. On other hand, weak photoperiod sensitivity may enhance
adaptation of oat cultivars followed by increasing acreage.

To map Ppd loci in oat, we employed the Recombinant Inbred Lines (RILs) population
containing ~120 genotypes of F4 that are contrast in their photoperiod response: their heading date
delay in short day (SD) conditions comparing to long day (LD) varied between 8-40 days. The
RILS were obtained from the cross of photoperiod insensitive local variety Chihuahua (Mexico)
and photoperiod sensitive cv. Anatolisher (Turkey). The RILs population was propagated and
scored for heading date in Pushkin experimental station of VIR (St.Petersburg) under condition of
long (16 hr) and short (12hr) photoperiod. From leaves of the plants total DNA and RNA was
isolated. For genotyping of the RILs population the high-throughput RAD-seq method (Illumina)
will be employed.

At the same time, we continued the Ppd candidate gene identification based on synteny
approach. Employing the short ortholog sequence identified earlier (~ 130 bp) we used the Step-Out
RACE method to define a full length sequence of Ppd loci in oat genome. The method allows
obtaining data on the structure of the full-length transcript, based on a minimum of information
about its sequence (30-50 bp). With this method, it is planned to identify the sequence of the
candidate gene for Ppd and compare those sequences between lines and parental genotypes of RILs
that are contrast in their photoperiod sensitivity to identify functional polymorphism. At the final
stage of research, we will check whether the polymorphism of Ppd candidate genes segregates with
photoperiod sensitivity of RILs. The results of molecular marking of Ppd genes may help breeders
to predict the length of the vegetation period in oat genotypes in the very early stage of ontogeny.
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OBTAINING OF DOUBLE HAPLOID LINES OF INTERSPECIFIC AND
INTERGENERIC WHEAT SYNTETICS
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Production of double haploids plants through anther culture is a very important tool to
accelerate plant breeding. Double haploids plants derived from microspores provide a quick way to
obtain homozygous and homogeneous lines of important crops.

As part of the budget program 0.7222 of MARK by the subproject «The creation and
phenotyping of double haploid and somaclonal lines to stress resistance, productivity and quality of
grainy was conducted research for the obtainingof double haploids lines of interspecific and
intergeneric wheat syntetics. During the period of 2015-2016 years, using anther culture
technology, were studied 74 winter and spring lines obtained by distant hybridization with wild
relatives of wheat as T.militinae Zhuk., T.timopheevii Zhuk., T.kihara Dorof. et Migusch., Ae.
cylindrica L., Ae. triaristata Willd. (Kozhahmetov, 2010).

The donor material was grown on a research field of Kazakh research institute of agriculture
and plant growing and spikes were selected at the stage of medium mononuclear microspores. All
spikes of donor plants were subjected to cold treatment at + 2- + 4 © for 14 day sand aseptically
transferred to two culture media to induce embryogenesis (150 anthers/Petri dish) — modifier MS
(Murashige T., Skoog F, 1962) supplemented 90 g/l maltose, 2 mg/l 2,4-D and 50 g/ Ficoll 400 and
AP (IsmagulA., et al, 2013).

Evaluation of the embryogenesis induction of 74 winter and spring wheat synthetics
genotypes showed that the output of embryo-like structures (ELS) varied on different culture
medias from 3 to 166 ELS/150 anthers of one Petri dish. On average, in one Petri dish formed 45.7
androgenic structures. Comparative analysis of induction of androgen structures on two culture
medias AP and mMS showed that the highest induction of embryogenesis was observed for the AP,
by prescribing ASPFG, where were fixed 200 ELS to one Petri dish.

According to the results valuation of androgenic structures of studied lines in two variants of
culture media were isolated responsive genotypes: a) spring - 6625 x T.timopheevii-10 (150+£56,4
ELS), 6569 x T.militinae (183£31,4 ELS); b) winter - (Erythrospermum 350 x T.kihara) x
Erythrospermum 350-92 (210+53,7 ELS); (Bezostayal x Ae.cylindrica) x Erythrospermum 350
(123+23,4 ELS).

On the basis of the method of anther culture and spontaneous doubling of the chromosomes
were obtained 762 grains of 28 double haploids lines of interspecific and intergeneric wheat
synthetics.

This research has foundation by project NO115PK02312 Ministry Agriculture Programme
0.0721 “Molecular breeding, genomics and biotechnology in the cultivar creation of cereals”.
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TRANSFER OF TRANSGENES TO VARIETIES AND RELATIVES
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K.Zh. Zhambakin, M.Kh.Shamekova, A.K.Edilova
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Aim of the study: The cultivation of genetically modified (GM) crop varieties leads to the
transfer of transgenes to other plants as a result of cross-pollination. As a result of increasing
environmental risks, for which the possible significant change to biodiversity of wild flora and
fauna, as well as agro-technical risks, such as decline in biodiversity among cultivars, and change of
the properties of non-target qualities of varieties, the appearance of super-weeds. In addition, among
the possible consequences of cross-pollination with transgenic plants an increase in the invasive
potential of hybrids and weed and disappearance and assimilation of wild species are indicated.In
this paper we studied the possibility of gene transfer from GM rapeseed to non-GM oilseed rape
varieties and their wild relatives.

Materials for the study were GM Chris rapeseed cultivar (Brassica napus) with reporter gene
2GUS35S115x3GUS, derived from transgenic plants of 2015 rapeseed varieties Chris (Brassica
napus), Brassica juncea Rocket variety (Brassica juncea), Golden and wild rapeseed varieties
(Brassica campestris ), and shepherd's purse (Capsella bursa-pasroris). Experiments were carried
out for 2 years (2015 and 2016). In a study of transgenes transfer experimental design was used, in
which the central portion is surrounded by areas of GM with non-GM rapeseed.In a study in the
first year of a central plot contained transgenic rapeseed Chris (Brassica napus) with
2GUS35S115x3GUS genome which was surrounded by several groups of non-genetically modified
rapeseed plants at a distance of 1-10 meters. The first round of non-transgenic plants - the recipient
was divided in the form of sectoral areas. On the experimental plot of the 2nd year (2016) rapeseed
colza and mustard, as potential recipients sown oriented to the cardinal points (North, South, East,
West, North-East, North-West, South-East and South-West). Rapeseed was sown sector, and rape
and mustard rays at 18.3 meters from GM plants.After harvesting, the samples were screened on
kanamycin, followed by an analysis of the seeds in the presence of a foreign gene in the studied
varieties. Seeds were plated on a Petri dish with nutrient medium containing 50 mg / 1 kanamycin.

Analysis of the results showed the presence of cross-breeding between GM and non-GM
varieties of oilseed rape. A significant effect of environmental conditions was revealed, depending
on the year of cultivation. It was determined that the hybridization level of the transgenes in the 1st
year amounted to 4.8% of the rapeseed (Brassica napus), 1,3% of mustard (Brassica juncea), and
0.9% with rapesedd(Brassica campestris). In the 2nd year cross-pollination with transgene was
22.5% for the rapeseed (Brassica napus), 7,8% for mustard (Brassica juncea) and 6.8% for high-
quality summer rapeseed (Brassica campestris). Hybridization with shepherd's purse (Capsella
bursa-pasroris) and wild rapeseed were not found. At the same time, the largest cross-pollination
with transgenic canola rapeseed varieties at a distance in the first year, from 2 to 7 meters, and in
the second year, from 2 to 13 meters.

These studies are carried out within the framework of funding for Kazakhstan scientific

technical program 0.0677 “Development of biotechnological bases for the creation and monitoring
of genetically modified plants with improved economically valuable traits” for 2015-2017.
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Barley and oat are multipurpose crops due to their food, fodder and technical values.
Currently, demand for barley and oat grain, as for sources of concentrated and roughaged
fodder, has increased sharply with the rapid development of animal husbandry and processing
industry of Kazakhstan. According to the Governmantal Program of Kazakhstan’s Agro-
Industrial Complex Development for 2017-2021, among target indicators to achieve is an
increase of barley production up to 4004 thousand tons and oat production up to 517 thousand
tons per year. Due to the fact that homozygous lines are available for selection in the first
generation hybrids (F1), haploid technology has the potential for significant acceleratation of
plant breeding. We carried out a research on the development of androgenic technology for
plant breeding of barley and oat cultivars of Kazakh Research Institute of Agriculture and Crop
Production.

In order to select the most responsive genotypes to the in vitro morphogenesis we have
studied embryogenesis and regeneration in anther culture of 7 barley varieties (Arna, Asem,
Birlik-20, North-1, Turan-2, Ula and Elik) and 7 varieties of oats (Alaman, Donen, Jorha,
Kulager, Kazakhstani-70, Kulan, Baige). As a result, the most responsive genotypes have been
selected: for barley - Asem (52 androgenic structures/100 anthers), for oat - Alman (23
androgenic structures/100 anthers).

Selection of optimal medium for anther culture of barley and oat is conducted on five liquid
nutrient media with different mineral composition and balance of phytohormones in the anther
culture: FHG (Kasha K.J. et.al., 2001); KFWC (Parminder K.Sidhy, 2009); W14 (Ponitka A.
et.al., 2009); AP (Ismagul A. et al., 2013).

According to the obtained results liquid nutrient medium FHG (Kasha K. J et al., 2001) was
selected for barley, where barley genotypes formed 22,2 androgenic structures/100 anthers in
average. The nutrient medium W14 (Ponitka A. et.al., 2009) was selected for oat where oat
genotypes was formed 15,6 androgenic structures/100 anthers in average. The developed model
systems were used for histological and ultrastructural investigation of cytophysiologic regularities
of androgenesis in vitro as well as for optimizing media composition for plant regeneration.

This work performed in the framework of fundamental research program Ne(149, Target

Program Funding, IPBB, Science Committee, Ministry of Education and Science, Republic of
Kazakhstan (2015-2017).
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CURRENT STATE OF CISGENESIS AND RAPID CROP CYCLE
BREEDING IN GERMAN FRUIT BREEDING RESEARCH

Flachowsky H., Hanke M.-V. *

'Julius Kiihn-Institut, Federal Research Center for Cultivated Plants, Institute for Breeding
Research on Fruit Crops, Dresden, Germany

*e-mail: viola.hanke@)julius-kuehn.de

Genetic engineering provides promising tools for improving the efficiency of fruit tree
breeding. Beside classical transgenic and intragenic approaches cisgenesis and rapid crop cycle
breeding have recently aroused considerable attention as New Plant Breeding Techniques in
Europe. Both strategies allow genetic improvement in a very smart way, but the final products are
free of foreign DNA from outside the natural gene pool.

Cisgenesis offers the opportunity to equip well established apple cultivars with additional
beneficial traits (e.g. genes), such as resistances to different pathogens for example. In Germany
much effort has been made in this direction and an efficient protocol for producing cisgenic apple
plants was successfully established. Using this protocol different cisgenic apple lines containing
resistances to apple scab caused by Venturia inaequalis and fire blight caused by Erwinia
amylovora were created. These lines were tested on their cisgenic state by molecular standard
techniques such as PCR, Southern blot and qRT-PCR. Their resistance was tested by artificial
inoculation in the greenhouse using strains differing in their virulence.

Rapid crop cycle breeding is aimed to overcome the long-lasting juvenile period of apple
seedlings, which is the most time-consuming process making fruit tree breeding inefficient and
expensive. Transgenic early flowering plants seem to be a promising idea to overcome this
problem. Recently it was shown that the BpMADS4 gene of silver birch induces early flowering in
apple. The transgenic early flowering line T1190 was selected and used as crossbred parent in a
breeding program aimed on the introgression of resistance genes from wild apple species to the
cultivated apple. This breeding program combines the advantages of transgenic early flowering
trees and molecular markers as an efficient tool to speed up the selection process.
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RESISTANCE TO FUNGAL DISEASES OF SPRING WHEAT VARIETIES
FROM DIFFERENT RUSSIAN REGIONS

Leonova I.N., Skolotneva E.S., Salina E.A.

Institute of Cytology and Genetics SB RAS, Novosibirsk, Russia
*e-mail: leonova@bionet.nsc.ru

Fungal diseases cause significant losses of yield and quality of common wheat (7. aestivum L.) in
many counties where wheat is cultivated. Development and cultivation of genetically resistant
varieties is one of the most effective ways for wheat protection against plant pathogens. A set of 95
spring wheat varieties growing in different regions of the Russian Federation has been investigated
for resistance to powdery mildew (Blumeria graminis), leaf rust (Puccinia triticina) and stem rust
(Puccinia graminis). Fungal disease resistance was evaluated under natural infection background of
pathogen populations specific to West Siberian region of Russia. Evaluation of susceptibility of
wheat varieties to powdery mildew showed that eleven cultivars demonstrated resistant and medium
resistant infection types. Screening for leaf rust resistance indicated that 66 varieties demonstrate
from medium to highly susceptible reaction against pathogen, 20 moderate resistant varieties
differed in the degree of the disease development, and 9 varieties were not affected by leaf rust.
Scoring of the wheat cultivars on resistance to stem rust identified 38 cultivars with resistant and
moderate resistant type of reaction. According to the phytopathological evaluation six varieties
(Tulaikovskaya golden, Tulaikovskaya 10, Kinelskaya 60, Volgouralskaya, Erythrospermum 72 and
Lutescens 101) were found to have complex resistance to all three diseases, among them 4 cultivars
belong to the group of Samara region. A genome-wide association study (GWAS) was undertaken
with [llumina Infinium 15K wheat array (www.traitgenetics.de). A single-nucleotide polymorphism
(SNP) was provided by 13007 SNPs. Population structure was evaluated with 4900 markers, which
classified the wheat varieties into seven subgroups. GWAS using the general linear model
identified from 55 to 98 SNP markers significantly associated with resistance to different
pathogens. Several markers were found to be associated with multiple disease resistance. This study
provides new knowledge which can be exploited for utilizing of fungal disease resistance in
breeding.

The work was supported by Russian Science Foundation (project Ne 16-16-00011).
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RESISTANCE TO WHEAT YELLOW MOSAIC VIRUS IN MADSEN
WHEAT IS CONTROLLED BY TWO MAJOR COMPLEMENTARY QTLS

Takako Suzuki

Agricultural Research Department, Hokkaido Research Organization, Hokkaido, Japan

Wheat yellow mosaic, caused by Wheat yellow mosaic virus (WYMYV), is one of the most serious
wheat diseases in East Asia. In this study, recombinant inbred lines (RILs, F9) from a cross between
cultivars Madsen (resistant) and Hokushin (susceptible) grown in a WYMV-infected nursery field
were tested for the presence of WYMYV in leaves by enzyme-linked immunosorbent assay (ELISA)
and genotyped by using genome-wide molecular markers. Two major QTLs were detected: Qym1
located between Xgwm539 and Xgwm349 on chromosome 2DL and Qym?2 located between
Xbarc147 and Xwmc623 on chromosome 3BS. The resistance alleles for both QTLs originated
from Madsen. The third QTL Qym3 located near Xwmc457 on chromosome 4D, where the resistant
allele for this QTL originated from Hokushin. Although the Qym3 was rather minor, it was
essential to complement Qyml and Qym2 for complete avoidance of WYMYV infection.
Nearisogenic lines carrying the resistance QTLs were developed by repeated backcrosses using
Madsen as the donor parent and Hokushin as the recurrent parent. The lines that were resistant to
WYMYV (as tested by ELISA) were homozygous for the Madsen alleles at both Qym1 and Qym?2.
Qyml dominance was partial, whereas that of Qym2 was nearly complete. Qyml was closely
linked to Xwmc41; Qym2 was closely linked to Xwmc754. These markers will be useful in marker-
assisted selection in wheat breeding for WYMV resistance; this study will facilitate cloning the
WYMYV resistance genes. Now we had made the fine map of 3B resistance gene and are trying to
isolate it.
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BREEDING POTATO VARIETY ASTANALYK FOR RECEIVING
IMPROVED SEED PLANTING MATERIAL

Magzumova G.K., Abdildaeva S.K., Kakimzhanova A.A.

RSE "National Center for Biotechnology", Astana
e-mail: kakimzhanova@mail.ru

In the Republic of Kazakhstan, the distribution of potato areas is 186,900 hectares
[http://www.stat.gov.kz], however, due to low yield, the gross harvest of tubers does not meet the
need for agriculture. The export of potatoes from foreign countries does not justify itself
economically and strategically, because many well-known and highly productive varieties of
foreign selection in conditions of hot and arid climate of most regions of Kazakhstan and the spread
of severe forms of viral diseases, in the second or third year of reproduction, sharply reduce yields,
seed quality degenerates. One of the ways to solve this problem is to conduct seed farming of local
potato varieties, that are resistant to diseases.

Currently, microclonal propagation is used actively to obtain a healthy planting stock of
potatoes, which allows to improve and multiply plants in test tube in a short period of time.

As an initial material, the variety of potato Astanalyk (Solanum tuberosum), resistant to dry
fusarial putridity, which has been obtained with method cell selection by using 20% of the culture
filtrate of the fungus Fusarium solani from a variety of potatoes Karasai.

The following biotechnological methods were used: thermotherapy of tubers, isolation and
cultivation of apical meristems, testing of meristem systems for the presence of viruses, microclonal
reproduction, propagation of plants in the greenhouse and field nursery for obtaining healthy potato
seeds.

As a result of the research, 57 apical meristems of the Astanalyk potato were isolated and
cultivated on the nutrient medium of Murashige and Skoog (MS) with phytohormones. Analysis of
meristem lines using enzyme immunoassay (EIA) to determine 5 types of potato viruses in
accordance with the manufacturer's recommendations (AG Lorch Research Institute of Potato
Farming). The results of the analysis of 39 meristem lines of Astanalyk showed no with viruses
infection.

After composition of nutrient medium MS for Rapid growth and of test tubes plants rooting,
were microclonally propagated 4700 plants, of which 3980 plants were planted in the soil in a film
greenhouse of the branch of the RSE "National Center for Biotechnology" (Stepnogorsk).

After 30 and 60 days, the morphometric parameters of the growth and development of
potato, that were obtained by using microclonal propagation. Accounting and structure of the tubers
yield of the potato variety of "Astanalyk " were cunduct by weighing the commodity fraction from
one bush, the number of tubers from one bush was counted. On the average, the number of tubers
from one bush was 12.1.

The collected cultivated tubers of the Astanalyk variety were propagated in the field. The
kennel of the first year was transferred to the State Commission for the Variety Testing of
Agricultural Crops for Variety Testing.
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OPTIMIZATION OF CONDITIONS OF MICROCLONAL PROPAGATION
OF MALUS NJEDZWETZKYANA

Nurtaza A., Karimova V., Kakimzhanova A.

RSE «National Center for Biotechnology», Astana
e-mail: Aid306@mail.ru

Complex natural and climatic conditions of Kazakhstan requires to observe recommendation
for creating and maintaining green planting. The success of greening in a great measure depends on
the correct selection of ornamental trees and shrubs. One such promising species of woody crops is
the wild-growing small-fruited apple tree of Malus njedzwetzkyana. This is due to the complex of
biological signs and properties, such as drought resistance, winter hardness, freezing tolerance and a
long flowering period.

However, Malus njedzwetzkyana refers to very rare species that are endangered. For the
preservation and breeding of this culture, the traditional methods are not effective enough. Cuttings of
apple tree take root very difficult and requires special attention to the period, season and temperature. The
seedlings of Malus njedzwetzkyana, obtained from seeds, are not always the same as their parent plant,
only 10% of 100 seeds rise.

Proceeding from this, it is expedient to use methods of biotechnology. One of such methods is
microclonal propagation of plants. This method allow to get rapidly, spread around, improve, root, reduce
the cost and shorten the time for obtaining planting material. As objects of research for microclonal
propagation, the auxiliary buds of the Malus njedzwetzkyana, growing in the dendrological garden of the
city of Astana, were used. The following biotechnological methods were used: introduction into the in
vitro culture of axillary buds, microclonal multiplication of microshoots.

For in vitro administration, the mode of sterilization of axillary buds has been optimized. Various
concentrations of peroxide of hydrogen, commercial “Domestos” and “Belizna” were investigated as
sterilizing agents.

With the introduction of in vitro axillary buds, we faced the problem of active extraction of
phenolic compounds. This process does not possibility to growth and cause plant material to die. To
prevent this process, antibiotic nystatin at a concentration of 0.2 mg / | and activated charcoal 1 g/l was
added to the nutrient media.

In order to induce the growth of the main shoot of Malus njedzwetzkyana in vitro culture, the
nutrient media of Murasige-Skoog (MS) and Kvorin Lepuavr with different concentrations of
phytohormones were studied. As a result of the studies, the sterilization was optimized. The most suitable
sterilizing agent is 12% peroxide of hydrogen. When sterilized with this reagent, the axillary buds of the
Malus njedzwetzkyana were 95% pure of infections and ere viable.

Analysis of the studies showed that the addition of the antibiotic nystatin to nutrient media
suppresses phenolic metabolism in the axillary buds. In 80% of the plant material there was no pigment,
thus the growth of axillary buds was not inhibited.

To growth of the microshoots from the axillary buds of the Malus njedzwetzkyana, MC nutrient
medium was optimizated with the addition of 0.5 mg /l benzylaminopurine (BAP); 0.01 mg/l indolyl
butyric acid (IBA) and 1 mg/l gibberic acid. At present, obtained microshoots of the Malus
njedzwetzkyana are used for the multiplication of plants.
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MONITORING OF PLANT SPREADING OF AGRIOPHYLLUM L.
(KUMARCHAK)

Zhubanysheva A.U., Zhubanyshev A.B.,

LLP “Agricultural Experimental Station of Aktobe city”

Email: aktobeopyt@gmail.com

The research work on the creation of maps with places of growth and spreading areas of wild-
growing Agriophyllum, L. (also known as “Kumarchak’) across Aktobe and Western-Kazakhstan
regions, together with work on definition of forage productivity of Agriophyllum, L., held for the
first time in Western Kazakhstan. Basis of this scientific work comprised of on-field research
expeditions in Aktobe and Western-Kazakhstan regions.

Wild Agriophyllum, L. is of great interest for the introduction to the culture in order to create
autumn pastures and hay fields, where in autumn can be harvested considerable amount of valuable
hay containing a significant amount of seed that is readily eaten by sheep in winter. Agriophyllum,
L. develops in the sandy desert, which belongs to the dry salt grasses (Salsola). These kinds of salt
grasses begin its developing in the spring and complete the development in August and September;
thus, the autumn gives a good forage and pasture herbage.

All kinds of the young plants of Agriophyllum, L. are good as fodder for grazing sheep, cattle
and camels. 100 kg of green mass contains about 25 fodder units and 3.7 kg of digestible protein.
Yields are up to 20 quintals of green mass and 30 kg of seeds per 1 hectare.

Composition of the plant at the time of fruiting is following: water 9.9%, fiber 22,5-25%,
crude protein 5.5-6.2% pure protein 5,3-5,9%, fat 2,1-2,3%, nitrogen-free extractives 50-55,5% and
ash 9,9-11,0%. Starch equivalent of the plant is quite high: 34-37, 6.

Sandy desert species are widely distributed in western Kazakhstan. Kazakhs have long used
the seeds of edible plants as a delicacy in the form of lightly toasted and for making flour tortillas. It
is not difficult to judge the economic importance of species, because in good years seeds of plants
were collected in an amount not less than 500 000-700 000.kg. In such years, raw, unprocessed
seeds Agriophyllum, L. valued at 30% more than millet and 15-20% more expensive than rye and
wheat flour.

Dry seeds of Agriophyllum, L. contain 16-17% protein, 6-10% fat edible and semidrying oil
and 60% of carbohydrates, mainly starch, in an amount up to 87% of the substances perfectly
metabolized by human body. 100 g of the food-used-substance contain 343 Kcal, which makes
Agriophyllum, L. closer to wheat flour, which is about 344 calories. The oil obtained by pressing of
the seeds - a semi-liquid, taste resembles a sunflower oil, and the composition is close to sesame.
Yields of Agriophyllum, L. in the best years reached 30-32 kg per 1 ha and about 15-20 cwt plant
mass.

In the south of Aktobe and the southeast of the Western-Kazakhstan regions large areas
occupied by shifting sands, which will cause huge damage to agriculture. As the main reasons for
the formation of new areas of mobile sand is unconscionable grazing or plowing overgrown sands
and sandy loam soils, they should be secured. Agriophyllum, L. deserved to be called an “indicator
plant”. If the crop has taken roots- then sands fixing process has started.

Basis of cattle breeding's fodder base in western Kazakhstan is natural pastures that fall within
zones of deserts and semi-deserts. Productivity of arid pastures is low. Annual growth rate of fodder
is from 2 to 6 t/ ha of dry mass, which hinders the further development of sheep and cattle breeding
in general. Existing range of forage plants do not currently meet the requirements of the radical
transformation of vegetation cover of low-yield pastures in deserts, semi-deserts and dry steppes.
Therefore, it is necessary to engage new varieties of plants. One of them is Kumarchak or
Agriophyllum, L. wild-growing plant, that do have valuable fodder properties.
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MOLECULAR CHARACTERIZATION OF DURUM WHEAT AND ITS
TETRAPLOID WILD RELATIVES FOR CADMIUM ACCUMULATION

Mehmet TEKIN', llknur COSKUN', Gulizar MANAV', Ahmet CAT’,
Sahriye SONMEZ’, Taner AKAR'

'Department of Field Crops, Faculty of Agriculture, Akdeniz University, Antalya, Turkey
*Department of Plant Protection, Faculty of Agriculture, Siirt University, Siirt, Turkey
*Department of Soil Science, Faculty of Agriculture, Akdeniz University, Antalya, Turkey

"e- mail:tanerakar@akdeniz.edu.tr

Cadmium (Cd) is a trace element that exists naturally in the soils and it threats to both human and
animal health due to its toxicity. Cd accumulation in the soils is mainly increasing with
anthropogenic sources such as atmospheric reasons and applications and phosphorous fertilizers day
after day. Cd can accumulate in the human body through food consumption, mainly thanks to a high
intake of cereals. Especially in durum wheat (7riticum durum Desf.), there is a large genetic
variation for Cd and it has commonly higher Cd accumulation than another cool season cereals
(rye<barley<oat<bread wheat<durum wheat). Cd accumulation is controlled by a major gene called
as Cdul in durum wheat. In recent years, several molecular markers have been developed to screen
this gene for Cd content in grain and co-dominant CAPS marker “usw47” is commonly used for
markerassisted selection among them. We also used wusw47marker in order to determine Cd
accumulation of 71 Turkish durum wheat cultivars with 2 universal checks and 35genotypes of its
wild relatives (24emmer and 11 wild emmer). According to results, 32 durum wheat cultivars, 1
emmer and 4 wild emmer genotypes were found as high Cd accumulator in grain whileother
genotypes were found as low Cd accumulator. Moreover, the first phenotypic data on seedling stage
(Z13) from greenhouse experiment generally overlapped to molecular data. In conclusion, usw47
marker successfully classified these genotypes into either high or low accumulators and these
results can be useful to be conducted breeding programsin durum wheat for low Cd accumulation.

Keywords: Molecular characterization, cadmium, durum wheat, wild relatives, Cdul gene, breeding

Acknowledgements: This research was financially supported by the Akdeniz University Scientific
Research Projects Coordination Unit, Turkey (FBA-2017-2402).
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THE TETRAPLOID WHEAT SPECIES AS SOURCES HIGHLY
RESISTANT TO ABIOTIC STRESSES
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Studies have revealed a number of general and specific patterns on the regulation of growth
and photosynthetic activity of plant tissues different wheat species in response to drought and salt
stress as in vivo, and in vitro.

It is noted that the tetraploid species of wheat capable of rapid adaptation to drought and salt
stress and restore growth.There are shown the maximum area of the first leaf during drought for
them (7. dicoccum (83%) and salt stress (7. polonicum (84%) and T dicoccum (100%).

It revealed a higher adaptability tetraploid species of wheat 7. dicoccum, T. polonicum and T.
aethiopicum compared with hexaploid anatomical parameters of leafs.It was noted that indicators
such as the increase in the size of the protective and mechanical tissue and mesophyll under stress
can be good selection criteria stress-resistant forms of wheat in its early stages of ontogenesis.

Showing differences between species in the distribution of trichomes and stomatas on the
surface of both the first and the flag leaves. The highest xeromorphic flag leaf in terms of the
number of stomata was typical for tetraploid, the lowest — for hexaploid wheat species.The
tetraploid species 7. dicoccum had the largest area of the flag and subflagleaves in dry conditions
with relation to the control. In the earing the maximum thickness of the abaxial epidermis
characterized by tetraploid species 7. dicoccum and T. macha (24.8 u 27.4pmrespectively) in
drought conditions. The maximum dimensions of the central vascular bundle observed in the same
species (19775.12um). Consequently, these tetraploid species can be characterized as the most
drought-resistant in the later stages of ontogeny. The tetraploid species 7. dicoccum was
characterized by high resistance to drought on indicators CO, assimilation and transpiration in
leafsof seedlings. The fluorescence quantum yield of photosystem II and electron transport rate
through the photosystem II (ETR) was studied. The analysis of other PA components revealed that
some tolerant tetraploid species could be distinguished, 7. aethiopicum to drought and T.
aethiopicum, T. Dicoccumand T. polonicumto salinity, which may possess dynamic tolerance to
drought according to their high level of Y(NPQ).

In an in vitro culture showed that calluses tetraploid species T. dicoccum, T. polonicum, T.
aethiopicum significantly superior to other species in the growth of the raw biomass. It is noted that
in a drought-induced depression callus biomass has also been less pronounced in tetraploid forms of
wheat and tetraploid form of 7. macha demonstrated greater stability of the photosynthetic
apparatus under the influence of stressors in vitro.

Thus, the tetraploid species of wheat may be of great interest for genetic research in the field
of stress cereals, as well as sources of high drought and salt tolerance for involvement in the
selection process.

Research was carried out in the framework of the project 1104/GF4 ‘Study of stability of
photosynthetic apparatus of wheat (7. aestivum L.) and its wild congeners to abiotic stress in vivo
and in vitro’. This grant are funding by the Ministry of Education and Science of the Republic of
Kazakhstan.
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MHATL

The International Science and Technology Center

The International Science and Technology Center (ISTC) is an
intergovernmental organization connecting scientists from Kazakhstan,
Armenia, Tajikistan, Kyrgyzstan, and Georgia with their peers and
research organizations in the EU, Japan, Republic of Korea, Norway and
the United States.

ISTC facilitates international science projects and assists the global
scientific and business community to source and engage with CIS and
Georgian institutes that develop or possess an excellence of scientific
know-how.

http://www.istc.int/en/
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VELD

Toeapuujecmeo ¢ o2paHu4eHHoli omeemcmeeHHocmbio HayvyHo-npouszeodcmeeHHas ¢pupma "VELD"

050004, Pecmy0o.iuka Ka3zaxcramn, Seifullin Str. 410, 050004 Almaty,
r. Aamartsl, yi. Ceiidgyiaanna, 410 Republic of Kazakhstan,

Ten 8-727-2952270, 952269 tel/fax +7-727-2952270, 952269
(daxc 8-727-2794926 tel +7-727-2794926

E-mail: info@veld.kz E-mail: info@veld.kz

OCHAIIIEHUE JABOPATOPHUI PA3JIMYHOTI' O HATIPABJIEHU S
BBICTPAS IIOCTABKA CO CKJIAJIOB B AJIMATBHI:

e JIABOPATOPHOI'O OBOPYJIOBAHUSI

e XHUMHWYECKHX PEAKTHUBOB JJIS1 MOJIEKYJIIPHON BUOJIOTH 1
BUOTEXHO.JIOTUA

e JIABOPATOPHOM NOCY AbI

e JUATHOCTHYECKHUX HABOPOB TECT-CUCTEM

TOO Hayuno-npousBoactBennass ¢upma "VELD" ¢ 1994 roma 3anumaercs
OCHAILEHUEM pa3JINYHbIX JIabopaTopuil JaOOPaTOPHBIM OOOPYIOBAaHUEM U PACXOAHBIMU
MaTepuajaMd B pasnuyHble Jabopatopun Ha TeppuTopuu PecnyOnuku Kazaxcran,
Kuprmzun u VY36ekucran. Crneumndukoil paboTbl Hamiei (QupMbl sBIseTcs OOJbIINE
TOBapHBIE 3amachl (J1a00paTOPHOrO 00OPYIOBAHUS, XUMHUUECKUX PEareHTOB, TaOOPATOPHOI
MOCY/Abl, TECT-CUCTEM U JPYTUX TOBApPOB, HEOOXOAMMBIX ISl TOJHOIEHHONW pPaboThI
nabopaTtopuu), HaxoHsAIlIMEeCs Ha CKiajae B I. AJIMaThl. DTO MO3BOJSET HaM B KOPOTKHE
Cpoku obecrmeunTh JOOYI0 J1a0OpaTOpUI0 BCEM HEOOXOAWUMBIM I  paboThl. Ml
MOCTABIJISIEM TaKXke JiaboparopHoe 00OpyJOBaHHE M PACXOJHbIE MaTepuaibl MOJ 3aKas3.
SBassick  IUCTPUOBIOTOPOM  KPYHMHEHIIMX MHPOBBIX MPOU3BOJUTENEH, MBI HMEEM
BO3MOXHOCTh TocTaBku 110 250000 HamMmeHOBaHMiI J1a0OpaTOpPHOrO OOOPYAOBAHMS U
PacXO/IHbIX MaTEPHUAJIOB.

OmHUM W3 TIABHBIX HANpPAaBIICHUW (UPMBI SIBISICTCS TPOJBMKEHUE HAYKOSMKHX
texHojorui B Pecriybnuke Kazaxcran. Crenuanuctsl GUPMBI OCYIIECTBISIOT MOCTOSHHBIN
CKPUHUHT HOBBIX TEXHOJOTHH, PEryjsipHO Tocelas MeXIyHapoJHbie BbICTaBKU. [locie
peanu3ali HOBBIX METOJOB M METOAUK B MPUOOpPE M MPOrpaMMHOM MPOAYKTE HaIlU
CHEIUANHCTHI MPOXOJAT NOJATOTOBKY B (hupMax, HaJaJAUBIIMX MPOU3BOJICTBO, U HAUMHAIOT
POJBMKEHUE HOBBIX TEXHOJIOTHI Ha TeppuTopun KazaxcraHa.

MbI uMeeM JOCTAaTOYHBIM IITAT CEPBUCHBIX WHXXCHEPOB, MPOIMICANINX OO0ydeHUe Ha
3aBOJIaX-MPOU3BOAUTEISAX MO YCTAaHOBKE M oOciykuBaHuto. [Ipu nocraBke o0opyaoBaHus,
MBI OOecreyrMBaeM YCTaHOBKY OOOpyJOBaHHUsA, OOy4YEHHE CIEHHAINCTOB paboTe Ha
obopynoBanue. CepBUCHBIE UHKEHEPHI OCYIIECTBISIOT TAPAHTUMHBIN U MOCIerapaHTHUITHBIN
PEMOHT U CEPBUCHOE 00CITy)KHBaHHE.

Hama xomnanusa cepruduimpoana Ha cootBerctsue CT PK MCO 9001-2001 «Cuctembr
MEHE)KMEHTA KaueCTBay.

Ob6parmaiiTech K MEHEDKEpaM 110 MpoiaXkaM Haile (GUpMbl U OHU C yIOBOJIBCTBUEM
MOMOTYT peluTh Baiu npobseMsl B 1a00paTopu.

TOO Hayuno-npousBoacteennas ¢upma "VELD" oduinmansHo mnpenctaBisieT Ha
tepputopun Kazaxcrana npoaykuuio BceMUpHO u3BecTHbIX komnanuii: Eppendorf, Esco,
BINDER.
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Eppendorf npencraBiser HOBbIE © HOBATOPCKUE MPOAYKTHI, KOTOPBIE TIOMOTYT YIIPOCTHUTH
IpOLECChl PabOThI € KUAKOCTSIMH, KIETKaMH U 00pa3liaMyd U TeM CaMbIM OOJIETYUTh Ballly
paboTy B J1abopaTOpHUU.

bnaromapsi ”HHOBALIMOHHBIM TEXHOJIOTHUSM M TEPBOKIACCHBIM MPOIYKTaM BOT YK€ MOYTH
70 net Eppendorf BHOCHT Ba)kHBIN BKJIaja B yayullleHHE pabOUYnX MPOIECCOB MpHU padoTe C
KUAKOCTSIMH, KIETKaMH, oOpasliaMd B JIa0OpaToOpusX M HayYHO-UCCIEIO0BATEIbCKUX
yupexxaenusx. [Ipogykrsr Eppendorf nomoraror cnemate pyTHHHBIE J1aOOpaToOpHbIE
MPOIEAYPhl HACTOJIBKO TPOCTHIMH, HAACKHBIMA W J(PQPEKTUBHBIMH, HACKOIBKO OTO
BO3MOXHO. briaroapsi couetanuio riry0oKoro moHUMaHUs IPUKIIAIHBIX 33/1a4 U MPOLIECCOB
U BBICOKMX TpeOoBaHMil mo kadectBy Eppendorf rapantupyer, 4To MpOIYKTHI M YCIyTH
MPUHOCHT MOJIb3Y KIMEHTaM M3 Pa3IMyHBIX MPUKIAIHBIX oOnacteid. [locTostHHO pacTymmii
ACCOPTUMEHT  MPOJAYKIMU  BBICOKO  BOCTpeOoBaH B  (papMaleBTUYECKOH U
OMOTEXHOJOTUYECKON TPOMBIIIJIEHHOCTH, B IPOWU3BOJCTBE BaKLUMH M MPOBEACHUU
IMAarHOCTUKU, a TaKkKe M B JaOOpaTOpUSX arpapHoil, MUIIEBON MPOMBIIUICHHOCTH U B
MPOU3BO/ICTBE OMOTOILINBA.

O6opynoBanue 111 OMOTEXHOJIOTHI MpeIHa3HAuEHO VISl MCIIOJIb30BAHUS B ATUX 00JaCTsIX:
OMOpEaKTOpbl U CHCTEMBbI KOHTpoJisg OuomporeccoB, a Takxke I[1O nns ynpaeineHus u
aHanM3a JaHHBIX MO3BOJISIET MPOU3BOIUTH MacUITaOMpoBaHUE M paciupenue. brarogaps
MHOTOJIETHEMY, HAaCUMUTHIBAIOLIEMY HE OJIMH JECATOK JIET, OMBITY PabOThl CO CIIONKHBIMU
HOJMMEPHBIMU NPOAYKTaMH, CBOEH KOMIIETEHTHOCTM B OMOTEXHOJOTMHM M 3a CYET
MPUMEHEHHUs] B Tpolecce pa3pabOTKU M HW3TOTOBJICHHS HOBEWIIMX MAHHBIX M3 CaMbIX
pa3HbIX HayuHbIx oOnacteil. Eppendorf pa3pabarbiBaeT MHHOBAalMOHHBIE MPOIYKTHI IS
OMOTEXHOJOTUH.

Esco mpexacraBnser WMHHOBAIIMOHHBIE KOHCTPYKIIMH, KOTOPBIE OTBEUYAIOT BbICOYANIINM
crangaptam ¢ 1978 roga. I'pynna komnanuii Esco nocssiiieHa co31aHii0 MHHOBAIIMOHHBIX
perieHuit JUTSE KJIIMHUYECKUX, MEANKO-OMOJIOTHYECKHUX, UCCIIEIOBATENIbCKUX,
POMBIIIJIEHHBIX, JIabopaTopHbIX, (apmaneBTuueckux u DKO nampasnenuii. Umes camyio
Pa3BETBJICHHYIO MPOJYKTOBYIO JIMHEHKY B CBOCH OTpaciy, HAalld MPOAYKTHI MPOILIH
cepTuUKAIMIO Ha PSA MEXIYHAPOAHBIX CTaHAApTOB W cepTudukaroB. Esco pabortaer B
cootBercTBUHU ¢ ISO 9001, ISO 14001 u ISO 13485. IlITab-kBapTHpa KOMIIAHUH HAXOIUTCS
B CuHramype, a NpOU3BOJACTBEHHBIE MOIIHOCTH pacnojiokeHsl B Asunm u EBpore.
HccnenoBanus u pa3paboTKy MPOBOASTCA B HAYYHBIX IIEHTpaxX IO BCEMY MUPY, BKIIOYAS
CIHIA, EBpony u Asuro. IIpencraBUtenbCcTBa U CEPBUCHBIE LEHTPHI PACHOJIONKEHBI B 12
KpynHbIX peruonax, Bkitouass CIIIA, BenukoOputanuto, fAnonuto, Kwuraii, Poccuto u
Unnmto.

bnaromaps HameMy TpUCYTCTBHUIO 1O BceMy MHpPY, Bbl MokeTe ObITH yBepeHbI, 4To Esco
HaxoJuTcs B mpexaenax Bameil gocsaraemoctu. Hamm KIMEHTHI yBEpeHbI, YTO OHU MOTYT
ObITh yBepeHbl B TOYHOCTM CBOMX MCCJIENOBaHMM M  HPOLENyp TOJBKO C
BBICOKOKAYECTBCHHBIMA W HAJCKHBIMU TPOIYKTaMH. MHOTO(YHKIIMOHATBHBIC KOMAaH/IBI
Esco ¢ mpou3BojacTBa, U3 JIeapTaMEHTOB HCCIIeI0BaHUM, 00ecreyeH sl KayecTBa, a TakKe
BBICILIETO PYKOBOJICTBA PETYJISIPHO COOMPAIOTCS AJIsl PACCMOTPEHHS M peanu3anuu odaacten
JUIS COBEPIICHCTBOBAHMS.

Esco 3abotutcs o Bameil Oe3zonacHoctu. Esco (¢okycupyercs Ha obOecrnieueHUun
0e30MacHOCTH He TOJIbKO Bammx 006pa3iioB, HO U caMuX MoJsib3oBareneid. Esco 3abotutcs o
BaieM Komdopre.

Kombopt Hammx momp3oBareneld oOECTEUYMBACTCS MYTEM CO3JaHHUS SPTrOHOMHYHOM
KOHCTPYKIIMM U CHIDKCHMsI YpPOBHs Imyma mpuOopoB. Esco 3aboTutcst 00 oKpy’Karolie

cpere.
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Menuko-0uosiornieckoe JadopatopHoe 000py1oBaHue:

Komnmanusi Esco kak MHpOBOM JHAep B TMPOU3BOJICTBE OOKCOB OHMOJOTHUYECKOM
0€30MacHOCTH TpeJIaraeT MUPOKUH aCCOPTUMEHT NPOIYKIMH, YK€ YCTAaHOBIECHHOW B
ThICSYaX BeayIux Jabopatopuii B 6osee yem 100 ctpanax mupa. Bokcel Gmosorudeckoit
6e3omacHoctu  Esco 3apabotanu Oombllie HE3aBUCUMBIX cepTU(HUKATOB B  OoOJbIIEM
KOJIMYECTBE CTpaH Ha OOJIbIIEM KOJIWYECTBE SI3BIKOB, YeM JI0O0OOH Ipyrod MpOAyKT, UYTO
JIEMOHCTHPYET HaIly MPUBEPKCHHOCTh O€30IMACHOCTH M KA4ECTBY.

OcobenHoCcTH

* DHeprodddexrusabiiit DC ECM Bentunsarop*

* AuTUMHEKpOOHOE nopouikoBoe nokpeitue ISOCIDE

* ULPA ¢uibtp ¢ > 99,999% > dekTUBHOCTHIO sl HaCTHUI] pa3MEPOM

0,1-0,3 Mxm

* bonbIias npou3BOIUTETHHOCTD

* DProHOMUYHBIN AU3alH

* Huzkuii ypoBeHb 1rymMa

* JIerko 4ucTUTH

JIuneiiku npoykra

» bokcel Ononoruueckoii 0ezonacHoctH, knacc I*Mopgenn: Airstream®

* bokcel Ononornueckoit 6ezomacHocty, kiacc I, T A2

* Mognenu: eSafe, NordicSafe, Airstream, Labculture, Reliant, Airstream

* bokcel Omonornueckoit 6e3onacHocT, kiaace I, Tum B2

* Mopnenu: Labculture

* bokchl OMosornueckoi 6e3onacHoct, kiaacc 111

*Mopnenu: Airstream

» bokchl Ononorunueckoii 0€30MacHOCTH CO CBUHIIOBBIMH IIJIACTHHAMU, Kjacc [1

*Monemnu: Cytoculture

* bokchI TUITEBOI OE30IIaCHOCTH

*Monenu: AgriSafe

Komnanuss Esco sBaseTcs MHUPOBBIM JIUJAEPOM B Pa3BUTHU MPO(ECCHOHATBHBIX
KaueCTBEHHBIX JJAMUHAPHBIX OOKCOB JIJIT MUPOBOTO PHIHKA METUKO-

OMOJIOTHYCCKUX HAayK. YUUTHIBAS JCCATKH THICSY IMPOJAHHBIX 10 BCEMY MHUPY CIWHUIL
o6opynoBaHus, KoMIanus Esco ycuiumia cBOO pernyTaiuio

HaJCKHOCTHIO, oOecreunBasl HAASKHYO 3alUTy 00pa3lioB U pabodynX MPOIECCOB B CaMbIX
Pa3HBIX 00JIACTSAX MPUMEHEHUSI.

ACCOPTHMEHT JaMUHApHBIX OOKCOB C BEPTUKAIBHBIM M TOPH3OHTAIBHBIM TIOTOKAMH
BO3/lyXa, a Takke OOKCOB CHEIMAIbHOTO Ha3HAYEHHUs TMpeajaracT IIUPOKUN BBHIOOD
BapUAHTOB JUISl YCTAHOBOK, T'JI¢ UMEET BaXKHOE 3HAYCHHE BHICOKOE KauecTBO. JIaMuHApHBIC
OOKCBHI CKOHCTPYHMPOBAHBI C yY4E€TOM a’POJUHAMUYECCKUX CBOWCTB W HCIIOJIB3YIOT TOJIBKO
ULPA ¢unabTpsl BEICOKOTO KauecTBa CO BCTPOCHHBIMH JIBUTATENISAMH / BEHTHIISITOPAMHU TSI
THUXOU pabOTBI U IOJITOTO CPOKA CITY>KOBI.

Jluneiiku nporykra

* JlamuHapHbIe OOKCHI C TOPU3OHTAILHBIM TIOTOKOM BO3yXa

* JlamuHapHBIE OOKCHI C OOpATHBIM ITOTOKOM BO3yXa

* JlamuHapHBIC OOKCHI C BEPTUKAIBHBIM ITOTOKOM BO3IYyX

PabGoune cranuu 1y1st paboThI ¢ 1a00PATOPHBIMU )KUBOTHBIMHU

UccnenoBanus ¢ MpUMEHEHHEM J1Ia0OpAaTOPHBIX JKUBOTHBIX, CMEHA KIETOK W yIaJICHHE
MOJICTHIJIOK TeNeph Ipoiie, 0e30MmacHee U MPoAyKTHBHee ¢ paboynmu ctaHmusMu VIVA®

180



PlantGen 2017, May 29 — June 02, 2017, Almaty, Kazakhstan Silver Sponsors

ot Esco. OmbIT KOMmaHWU B MPOM3BOJICTBE YKUCTOrO BO3AYyXa U TEXHOJOTHH a’po-
JUHAMUYECKUX 0aphepoB PaCIpOCTPAHAETCSA U HA POAYKTHI Ui pabOThI ¢ 1a00paTOPHBIMU
KUBOTHBIMU, YTOOBI TIOMOYb 3alIUTHTh HCCIEAOBATENS, TEXHUYECKUN MEepCOHaN, cCaMuX
KUBOTHBIX M OKPYXKAIOUIyI0 Cpey B XOJ€ HCCIECIOBAHMS, CMEHbl KIETOK U yAaJICHUS
noacTwiIoK. [ IpoaykTel st paboTel ¢ sabopaTopHbIMU KMBOTHBIMH VIVA® mnomorarot
naboparopuu BBIMOJHATE pekoMeHmammun NIOSH 1o cosmanmio Oosnee 6e30macHOM,
3I0POBOM W TMPOJYKTUBHOW pabouell Cpelbl, a YBEPEHHOCTh, YTO 3alllUTa OlepaTopa H
OKpyXkaroleil cpeapl oOecrieunBaeTcsi Kaxzaod paboueir cranuueil VIVA®, cosnaercs
omaromapst ananmuzy ELISA.

Jlist MonenupoBaHUs MCIOJIB30BaHUS PAaOOYMX CTAaHIUN OBbUIM BBIMOJTHEHBl HACTOSIIIHE
paboThl MO CMEHE KJIETOK WM YyAAJEHUIO TOJCTHIOK, a 3aTeM ObUIM B3SITHl MPOOBI Ha
KOHIEHTPALIMIO aJJIepreHoB B pabouelt 3oHe. KoHueHTpauus anjgepreHoB Oblia OlIEHEHa
COHIBUYHBIM MeTo10M ELISA.

JInHenKu npoayKra:

PabGoune cranuuu yist yianeHus MoJICTUIIOK

YHuBepcanbHble paboune CTaHIUU AJi1 paboThl ¢ 1a00PATOPHBIMU KUBOTHBIMU

PaGouue cranuu amst paboThl ¢ 1a00PaTOPHBIMU )KUBOTHBIMU JIBOMHOTO JOCTYyTIa

Amnanu3 o0pa3ioB

Kommnanusa Esco npemnaraer BpiOOp Mojeneil 0OObIYHBIX aMIUTM(PUKATOPOB, CO3IaHHBIX IS
yIOBIETBOPEHUS KPUTHUECKUX TpeOoBaHU mpakTudecku s Bcex BuaoB [P Takux, xak
rpaguenTtHbiid [IHP, crynenyarast [T1[P, [1L[P ¢ BrIcOKO# MpOmycKHOW CIOCOOHOCTHIO, in
situ I[THP u 1.n. KoHdurypamuu O0Ka JOCTYNHBI s pa3ivYHbIX (QopM 00pasloB,
IPOOUPOK, MOJIOCOK, TAPEIOYEK U TUIACTHH.

OcobeHHoCTH

» OTnu4Has TeMIrepaTypHas OJJHOPOTHOCTh U CTAOMIBHOCTh

* TlogxomuT ansg pas3auuHbIX  (opMaToB 00pasloB, KOTOpPbIE MOTYT YIPOCTUTh
3KCHEPUMEHTHI

* Y100HBIE Cpe/ICTBA YIIPABICHUS U SKCIUTYaTallui

XHUMHUYECKUE UCCIIETOBAHUSI

* ABTOHOMHBIE BBITSKHBIE IKa(]bI

* JJaGopaTopHbI€ BBITSKHBIE ITKADbI

* KoHTpOJb BO3AYIIHOTO MOTOKA B BBHITSXKHOM HIKA(y

* BeHTUIISTOPBI

* BokchI 111 BECOB 1S B3BEIIMBAHUS

* [lIxadbr st XpaHeHUsT OJICKIBI

XpaHeHue 00pa3loB U PEHICHUs ISl UX 3aITUTHI

Cepusi MOPO3WJIBHMKOB YyiabTpaHu3kux Temmepatyp Lexicon® II Bxitouaer B cebs
Jy4Iylo U HanbOoJjee MOJHYIO 3allUTy 00pasiia, a TakKe CUCTEMY OpraHu3aluu oOpasiioB
J000T0  MPOM3BOAUTENS  MOPO3WIBHMKOB  YJIBTPAHM3KUX  Temmeparyp.  Takue
MOPO3UJIBHUKUA IMPOKO HCIIONB3YIOTCS B HAYYHBIX MCCIEAOBAHUSX JJISL JOITOCPOYHOTO
XpaHeHus oOpa3ioB. Tak Kak MOpPO3WIBHUKHA 4YacTo pabortatorT mpu temmepatype -80°C
HENPEPHIBHO B TEYCHHWE TOfa, TO HAACKHOCTh HMEET MEPBOCTETICHHOE 3HAUCHHUE IS
uccienoBateneid. s mpoBeneHus crpecc TecTa OOJBIIOrO KOJUYECTBA MOPO3UIILHUKOB
yJIBTPAHU3KUX Temriepatyp Esco ucnonb3yer NpuHATOE B OTpaciu Y CKOPEHHOE PECypCHOE
ucneitanne (HALT). Bce Mmopo3unbauku Esco mpouuin 3Tv 3KCTpeMallbHbIE CTPECC-TECTHI,
U UX KOHCTPYKIUS JaeT YBEPEHHOCTh B TOM, YTO OHA ONTUMHU3HpPOBAHA JJIs 3allUThl Bammx
00pas3IoB.
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Cepus HP  nabGoparopHbIX  XOJIOJWIBHUKOB U MOPO3WJIBHHUKOB  —  3TO
BBICONIPOU3BOAUTENbHBIE MOJENIA, CKOHCTPYHUPOBAHHbIE JJisi 00eCreYeHUs BBICOKOIO
YPOBHS 3alllUThl OOpa3IOB, MCIOJIb3YEMbIX B HAay4YHBIX HMCCIEAOBAHMSIX W KIMHUYECKUX
MIPUJIOKEHH

Oo0ures1adbopaTopHoe 000py10BaHNe

TepmocTtatupytoiee 1a00paTopHOE 000PYI0BaHNE

» JlJabopaTopHbie neun

* JJabopaTopHble HHKYOaTOPBI

* OxJaxkJ1aeMble HHKY0aTOpbl

dapmarieBTHUecKOe 000pyIO0BaHHE

CrepxuBaHue BO3yIIHOTO MOTOKA

* CTeH1bl C HUCXO/SIIIUM BO3IyIIIHBIM TOTOKOM

* [ToTonounbie MPUOOPHI JIAMUHAPHOTO MOTOKA

* [lepeaBuxkHBIE OOKCHI JAMUHAPHOTO TOPU30HTAIBHOTO TTOTOKA
* [lepenBuxHBIE OOKCHI JAMUHAPHOTO BEPTUKAIHHOTO TTOTOKA

* JlamunapHbie cOOpOUYHBIE CTAHLIUU

N3onupoBanue

* N3onsatop acentuueckoro caepxxkuanus (ACTI)

* 3onsaTop s B3BemuBanus u gosuposanus (WDCI)

* M3onsarop mist o6mux nporeccos (GPPI)

Bcerpoennas 6aprepHast 3auTa OT MEPEKPECTHOTO 3arps3HEHUS
* Bo3AyIIHbBIN Ay JJI1 YACTHIX TOMEILICHUI

* [IepenaToyHo€ OKHO JJIsl YUCTHIX MTOMEIICHUM

* [IepexoaHBIN JIFOK JIs1 YUCTHIX MOMEIICHUN

* [Iepenarounsie OkHa

* UncTble MOMEIIEHUs ¢ MATKUMHU CTEHAMU

* Jlunamuyeckue nepeaTouHble OKHA U TUHAMUYECKU
Bapbepnas n301s11MOHHAS TEXHOJIOTUS

» Caep>KuBaroIIKNe U30JISITOPHI (PEHUPKYITUPYIOIIUE)

» GapmaneBTUYECKUE CMEIINBAIOLINE ACETITUYECKUE N30SI TOPHI
* [{luroTokcuueckue 6OKCH O€30MaACHOCTH

Komnanusi BINDER mnonHocThIO chOKycHpOBaHa Ha KaMmepax JUisli MOJCIUPOBAHUS
ycinoBuii  okpyxkaromed — cpenbl.  BINDER — gBisiemMcs  kpynHeWmmm B MHpPE
CIICLIMATIM3UPOBAHHBIM MPENIPUATHEM MO BBITYCKY Kamep Uil MOJEIUPOBAHUS YCIOBUH
OKpYy arolei cpefpl Ui Hay4YHbIX U IPOMBIIIIEHHBIX JlabopaTopuid. bonee 22 000 kamep
BBIXOJIUT KaXIbl TroJ ¢ 3aBojga B TyminHreHe. COBEpLIECHHBIE MEPEIOBbIE TEXHOJIOTHH,
WHHOBaIlMM M a0CoJoTHas TOYHOCTh - TakoB mopTpeT BINDER Ha peiake. B ¢dokyce
Halllero BHUMAHHUS - WJI€albHOE MOJICIUPOBAaHUE OHOJIOTHYECKUX, XUMUYECKUX U
bU3MYEeCKUX BO3JEHCTBHM  OKpyXaromled cpeabpl s MHOoxkecTBa Kamepsl ais
MOJEIUPOBAaHUS YCIOBUM OKpyxaromen cpeasl BINDER — BeimosnHsrT — ciioxHbIE
na0opaTopHble 3agadd € aOCOMIOTHOM HaxexHOCThio. OHHM  pa3pabaThIBalOTCS |
W3rOTABIMBAIOTCS HMCKIIOYUTEIBHO B OTICJICHUM KOMIIAHMM B ropojae TyTiauHreHe, B
BBICOKOTEXHOJIOTHYHOM ropojie FOxHuoit ['epmanuu. OT TOYHOHM ITaAaMIIOBKH, OMTOBKH W
CBAPKM 10 HM30JSIUMUA W TINATEIBHOIO MOHTA)XXa BBINOJIHSAIOTCA BCE ITPOM3BOACTBEHHBIE
JTanbl Ha CBOEM 3aBOJI¢ W TakuM O00pa3oM TapaHTUPYETCs KauecTBO  BCeil
NPOU3BOJICTBEHHON  JMHUM. VIHTEHCHBHBIM  KOHTPOJb  KauecTBa  OOecreynBaeT
npeBocxoaubi crangapT BINDER orpacnei. byap 3TO KyJnbTUBUPOBAaHHUE KIIETOK WU
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TKaHEH, JOJTOBPEMEHHOE XPAHEHHWE, MCOBITAHUSA MPOAYKTOB WA MaTEPHANIOB:
IIPaKTUYECKU BCE BEAYyIIME KOMIIAHWHM U HCCIEAOBATEIbCKUE YUPEKICHUS NI€TAI0T CTaBKY
Ha KaMmepsbl Uil MOJEIMPOBAHMUS YCIOBHM OKpyxarouien cpensl kommnanuu BINDER c¢
XapakTEepHbIM KpacHbIM TpeyroJbHUKOM. [llupokuint accoprument xkamep BINDER
BKJIFOUAET MHKYOATOPbI, KaMEpbl pOCTa, MOPO3WIIbHBIE IIKA(PBI CBEPXIIYOOKOM 3aMOPO3KH,
CYIIWJIbHBIC MIKa(bl U HATpEBaTEIbHBIC KAMEPHI, a TAKXKE KIMMATHUECKUE KaMepbl U, TAKUM
0o0pa3oM, MPEBOCXOJHO TOKPHIBAET MHOTOYMCICHHBIE 3alpoChl pPa3HBIX oOTpaciedl u
PBIHKOB.

Ms1 saBaseMcs oguuyuanvublmMu Oucmpudbviomopamu  PacXOJHBIX MaTepUaoB
TaKUX MPOU3BOJUTEIICH, KaK:
Brand GmBH, I'epmanusi, W3BECTHBI MPOU3BOAUTENh M IOCTABIIUK J1a0OPATOPHBIX
pacxoaHbIx MaTepuaiioB ¢ 1949 rona;
Nuova Aptaca s.rl., Hramusa, npodeccuoHANbHBI NPOU3BOIUTENDL OJHOPA30BHIX
pacxXoIHBIX MaTepuanoB i Jabopatopun ¢ 1976roma.Kommanusi BBITyCKaeT MIMPOKHIMA
ACCOPTHUMEHT IMPOAYKIMH JUIsl KIMHUYECKOM XMMHH, CEpOJIOTMHM, TI€MaTOJIOTHH,
KPUOTCHUKH, MUKPOOUOJIOTUH U OAKTEPHUOJIOTUH.
Nerbe plus, I'epmanus, npousBoguTenb 1a0OPATOPHON IUTACTUKOBOW TOCYIbI IS
KIIMHUYECKON ¥ MUKPOOHOJIOTHYECKOH TabopaTopuii ¢ 1976rona.
Sarstedt AG, I'epmanusi, Halr mapTHEP MO MOCTABKH J1aOOPATOPHBIX MPUHAICKHOCTEH
JUTSL MEAULIMHBI U HAYKHU.
FL Medical s.r.l., Wranus, npodeccruoHaNbHBIA NPOU3BOAUTENL JTa0OPATOPHBIX U
MEIUIMHCKUX MPOAYKTOB ¢ 1979rona.

TOO HII® «VELD» sBnsieTcsi SKCKIIO3UBHBIM U €IMHCTBEHHBIM JTUCTPUOBIOTOPOM
komrnanuu Hain Lifescience GmbH (I'epmanus) Ha Tepputopun Pecnybnuku Kazaxcras.
Hain Lifescience GmbH npu3HaHHBI W aBTOPUTETHBIM MPOU3BOIUTENb MPOIYKIIMH JUIS
MOJIEKYJISIPHO-OMOJOTHYECKON JUAarHOCTUKKA B YCJIOBMSIX 1n Vitro, MMEIIas 3aBOJbI B
Hepene (I'epmanusi), Munpanae (FOxnas Adpuka), Haiipodu (Kenwust), baiipaure
(Anrmus), Buro-IloateBenpe (Mcnanus) u bangone (®Opannus). Komnanust 6bi1a 0CHOBaHa
B 1986 rogy. Hain Lifescience GmbH ceprudumuporana mo ISO 9001 u ISO 13485 u
COOTBETCTBYET €BPOMNEHCKUM PEKOMEHIAIMSAM MO AuarHocTuke in vitro (98/79/EG).

[Ipoayxuus Hain Lifescience GmbH

[TonrBepxacHHas U dQPEKTUBHAS TUATHOCTHUKA SBIISETCS HAWIYYIIUM IPEABAPUTEIHHBIM
yCIOBHEM Il OBICTPOTO W HAACKHOTO BBISBICHUS 3a0oneBanuii. CoBpeMeHHas,
BCECTOPOHHSIS M Oe30macHasi JUAarHOCTUKa MO3BoJAeT 3(PPEKTUBHO JIEUYUTh, CIEHUATBHO
aJanTHpOBaHHAsT K KOHKPETHOMY TAIMEHTy. OTO JaeT HauOOJBIINN IIaHC s
BBEI3JIOPOBJICHHSI. TOJIBKO YAOOHBIE W TPAKTUYHBIC METOJbI JUArHOCTUKH MOTYT OBITh
BBITTOJTHEHBI TOYHO W HAJICKHO B JIA0OPATOPHH M, TAKUM 00pa3oM, TAPAaHTUPYIOT HAJICKHBIC
pesynbratel. [Ipoayktel Hain Lifescience GmbH cooTBETCTBYIOT BCEM 3TUM KPUTEPUSIM H,
CIIEZIOBATEIbHO, OO0ECIICYMBAIOT ONTUMAIBHYIO JIA0OPAaTOPHYIO AMArHOCTHKY, YTOOBI
BBUICYHTH MAIIMEHTOB M N30€KaTh PacIpOCTPAHEHUS] PE3UCTEHTHOCTH W WHPEKIINH.

Kommanus Merck KGaA (I'epmanusi), ocHoBanHas B 1668 romy B Jlapminranre,
SIBJISIETCS. TIPOU3BOJUTENIEM XHUMHUYECKON TMPOAYKIMU BBICOKOTO KauecTBa. Kommanus
yIeIsIeT OCHOBHO€ BHUMAaHHUE KadyeCTBY, HAJCKHOCTU U WHHOBAIIMHU, KOHIEHTPUPYSCh Ha
noTpeOHocTH KiIMeHToB. OT pa3pabOTKH 10 TOCTaBKH JACHCTBYIOT C MaKCUMaJIbHOU
TIIATENILHOCTBIO /7151 00ECIIEUeHUs TPEBOCXOIHOTO KayecTBa, OCOOEHHO B UyBCTBUTEIHHOM
cdepe peareHToB ISl aHAIU3A.

183



PlantGen 2017, May 29 — June 02, 2017, Almaty, Kazakhstan Silver Sponsors

KoMmnanus mpemyiaraeT HECKOJIBKO COTEH HEOPraHMYECKHX XUMHUYECKHX PEarcHTOB
JUIsl aHalu3a — B YaCTHOCTH, KHUCJOTBI, COJIM, LIEJIOYM, OCHOBAHUS, WHIMWKATOPBI M
crnenuaibHble peareHThl. MakTUYecKW, HU OJUH JPYrol NMPOU3BOAUTEIL HE IOCTABIIAET
TaKOr'o MMPOKOr0 ACCOPTUMEHTA NMPOAYKIHUU.

Kpome Toro, Bbl MOXeTe ObITh YBEPEHBI, YTO paboTaeTe ¢ MOAXOAAIMMU peareHTaMu
JUI1 BallUX crHeun@UYecKux 3aaad, OTBEYAIOIIMMU BCEM TpeOOBaHHUSAM IO KadecTBY.
PearenTs mis dapmakomneitHOro aHanam3a HE TOJBKO COOTBETCTBYIOT ctaHmapty ACS, HO
TaK)K€ CcTaHjgapraMm peareHToB 10 EBpomneilickoii (apmakomnee. [loaToMy mNpoIyKThI
COOTBETCTBYIOT BCEM CHEIU(pUKALUIM PEearcHTOB, OMUCAHHBIM Kak AMEPUKAaHCKOH, TaK U
EBpomneiickoii papmakorieeii.

UYepe3 obecrieueHUE COOTBETCTBUSI 3TUM BCECTOPOHHMM CTaHJapTaM KOMIIAHUS
CO37a€T HOBBIM YpPOBEHb KauecTBa AaHAJIUTUYECKUX pEareHToB, oOecreuuBas BaM
HAUBBICIINN BO3MOXKHBIA YPOBEHb HAJIE)KHOCTH — 10 BCEMY MHUPY.

Titan Biotech Limited (Wuausi) sBisieTcss BeaylIMM OPOU3BOAUTEIEM U
MOCTABIIMKOM Pa3IMYHBIX MUTATEIbHBIX CPEJl AJI1 MUKPOOHOJIOTHH.

Cuctema ynpasieHus kadyecTBoM komrnanuu Titan Biotech Limited ceptudunmposana
no cranaapty ISO 9001:2000, ISO 13485:2003, WHO GMP, EBponeiickoMy cTaHaapTy
kauectBa (CE). Beimyckaemass KOMIIaHHMEH MpPOIYKUHUS COOTBETCTBYET TpeOOBaHUAM
®apmaxonieu CIIA, Esponeiickoit ®apmakoneu u bputanckoit @apMakoneu.

Obnanas camol COBpeMEHHOW HH(PACTPYKTYpOH, HOBEHIIMMHU TEXHOJIOTUSMHU U
ONBITHBIM MOAPA3/ECICHUEM, KOMIIAHUS MOXKET IMPEAOCTAaBUTh PA3JNMUYHBIE CpEAbl s
KyJbTHBHPOBAHUS MO CAMBIM KOHKYPEHTHBIM IICHAM.

OO011ee KOJIMYECTBO BBIMYCKAEMBIX CpEJl COCTAaBIISIET OKOJIO mMmoiyTopa Thicsd. Ko
MHOTHM CpeJaM BBIITYCKAlOTCS CTEpPUJIbHBbIE, I'OTOBBIE K IpPHUMEHEHHIo, Ao00aBku. Titan
Biotech Limited mocraBnsier pa3nuyHble BUABI CHIPbS A OMOTEXHOJIOTHUH, TaKUe Kak
nenTtoHbl  (pepMeHTATUBHBINA,  OAKTEPUOJIOTUYECKHH,  COEBBIM,  MHKOJIOTHYECKHM,
OPOTEO3HbIN, CHeuuanbHbId U T.1.), arapbl (O0aKTEPHOJIOTMYECKUM, YJIBTPAYUCTBIN, IS
UMMYHORJIeKTpodope3a ©  T.J.), OKCTPAaKThl (MSICHOH, JPOXOKEBOM, TIEUECHOUYHBIN),
TUAPONIN3aThl (Ka3emHa M JIAKTaIbOyMHUHA), a TaKK€ JPYyrue KOMIIOHEHThI MUTATENIbHbBIX
Cpel.
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TOQ "Zalma Lid.” (laama Ata.) AP TOO “Zalma Lid.”
PK. r. Aamarel, ya. borenBai Eamipa. 305a PK. r. Actana. p-H Aasmarbl, KK «Cro3odHei mupn,
TeA.: +7 (727) 374-35-87 coake: +7 {727) 374-35-67 YA, 23-15, aom 11, Brok A, ke.132;
info@zalma.org Z/\LM/\ TeA.: 8 (7172) 25-99-75; info.astana@zalma.org

Komnanus "Zalma LTD" - omna U3 cambIx OBICTPO pa3BHBAIOIIMXCS W HAJIEKHBIX
KoMmaHuii Ha Ka3axcraHCKOM pbIHKE J1aOopaTOpHON TeXHUKU. OCHOBHBIM HaIpaBICHUEM
Halllell JIeATeNbHOCTH SBJISIETCS BHEAPEHHME IEPEeJOBBIX JIAOOPATOPHBIX TEXHOJOTH,
HOJrOTOBKA U PEATU3alUsl CHCTEMHBIX PEIICHUH 17151 OTEYE€CTBEHHBIX JJaOOpATOpUil.

[Tog «CUCTEMHBIMH pEIICHUSMU» Mbl TOHHUMAaeM KOMIUIEKCHOE OCHAIEHUE
KOHKPETHOW 1a00paTopuy CJIOXKHBIM CHEIHAIM3UPOBAHHBIM U 00IIeIad0paTOPHBIM
o0opynoBaHueM, Ja0OpaTOpHOM MeOenpl0, TMOCYAOM, akceccyapaMd U PacXOJAHBIMU
MaTepuallaMi; METOJIMYECKYI0 M CEpBUCHYIO (TapaHTUHHYIO U TOCICTapaHTUHHYIO)
NOJIIEPKKY, 00ydeHHe mepcoHaia JabopaTopuu, Kak Ha 0a3e 3aka3uMka, Tak U Ha 0Oasze
MIPOU3BOUTENST 000PYIOBAHUS; TIPOBEJCHUE MMPOCKTUPOBAHMS, TIOMOIIh B TIOJyYCHUN BCEX
HEOOXOJMMBIX Pa3pelINTEeNbHBIX JOKYMEHTOB U TOCYJApCTBEHHOW aKKpEIUTAIUU
JabopaTopum.

HecoMHEHHBIM KOHKYpEHTHBIM MPEUMYILECTBOM Hallel KOMaHIbl SBISETCS
MOHMMAaHUE OCHOBHBIX 3aJla4, CTOALIMX Mepe] HAUIMMH 3aKa3dhuKaMH, W TpUMEHEHHE
MaKCUMaIBbHO 3(PPEKTUBHOTO W KOHCTPYKTHBHOTO TOIXOAA K MX YCIEIIHOMY PEIICHHIO.
DTO NOCTUraeTcsi, ¢ OJHOM CTOPOHBI, OJarojapsi BHICOKOMY NpodeccHoHaIU3My HalINX
COTPYJHHKOB, C JPYTOil CTOPOHBI, OJaroAapsi HaIllUM HaJIEeXKHBIM MTOCTABLIMKAM, BEIyIIUM
3apyOeKHBIM TPOU3BOJIUTEISAM JaOOpPATOPHOrO OOOPYAOBAHHMSI W MAaTEPHANIOB, CPEIH
KOTOPBIX TaKuWe W3BECTHbIE BO BceM wmupe Openzasl, kak Applied Biosystems™,
Invitrogen™, Affymetrix™, Gibco™, Molecular Probes™, eBioscience™ and Ion
Torrent™ u muorue apyrue. Ham rnaBueiid noctaBmuk - Thermo Fisher Scientific -
mpeIaraeT MUPOKUH CIEKTP MPOAYKIHWU M YCIyT, OT 00OpYyAOBaHUS /0 TOBCEIHEBHBIX
1a00paTOpPHBIX MaTEpUaIOB, TAPAHTHPYET KAYECTBO U MPOU3BOAUTEIBHOCTb JJISl KaXKIOU
1a00paTopuu, KaxK10T0 PUIIOKEHHUS.

ThermoFisher Applied
SCIENTIFIC Biosystems

VY Hac craOWbHBIE XOpOIIME OTHOUIEHHS C HAIIMMHU [IOCTABIIMKAMHU, HO MBI
INOCTOSIHHO HIIEM HOBBIE BO3MOXHOCTH [UIi JAMBEPCU(PUKAIUM U  OTKPBITHI IS
COTPYJIHUYECTBA C HOBBIMM MapTHEPaMU. MbI IJIIOJOTBOPHO COTPYAHMYAEM C PA3IUYHBIMU
1abopaTopusiMU  MEIULIMHCKOW, CyJeOHOM, arpapHOM M MUIIEBOM OTpacieil, a Takke c
pa3IMYHBIMU HAy4YHO-HCCIIEI0BATEIbCKUMU UHCTUTYTaMH, OPraHaMU KOHTPOJI KauecTBa U
CTaHJApTU3ALUHU, MEXAYHAPOJAHBIMHU OpraHu3alusMu U Gongamu. CrienuanauctaMy Hamien
KOMITaHUU pealn30BaH LENbI Pl MacIITa0OHBIX MPOEKTOB, KOTOPBIE MOIYYUIH BBICOKYIO
OLICHKY MHOTMX T'OCYAapCTBEHHBIX CTPYKTYP M KOPIOPATUBHBIX KIIMEHTOB.
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CoTpyaHHKM HAIIEro CEPBUCHOIO OTAENa MNPOXOAAT peryjsipHoe oOyueHue Ha
TPEHUHrax KOMITAHUK-TIpou3BoauTeseil. Hamm cepBucHble MHXKEHEPHl CcepTU(UIMPOBAHBI
Ha ipoBeaeHue [1Q, OQ/PQ, peMOHTa U PEryJIsIpHOTO CEPBUCHOTO OOCTYKUBAHUSI.

PaznuuHble uccieoBaHusl B T€HETUKE M KJIETOYHOW OMOJIOTMH MPOM3BOJSATCS HA
0a3e Hamieil JeMOHCTPAalMOHHON naboparopuu, B T. Anmarbl. COTpyAHHKaMH OT[ENa
HAay4YHOH M METOJMYECKON MOAJNEPKKM KOMIAHUM pa3padaThIBAlOTCA HOBBIE METOJIUKU
aHanu3a.

Komnanus «Zalma LTD» perynsapHo opraHu3yeT Hay49HO-TIPAKTUUECKUE CEMHUHAPBHI,
IIOCBSILIEHHBIE  UCIIOJB30BAHUID COBPEMEHHOI'O T'E€HETHMYECKOr0 W  aHAIMTHYECKOIO
obopynoBanusi. Mbl akTHMBHO y4YacTByeM B BBICTaBKaX, CeMHUHapax M KOH(EpeHIUsX,
KOTOPBIE COOTBETCTBYIOT HAIIMM MPO(PECCHOHATBHBIM HHTEPECAM.

Mpbl 3HaeM M TNOHHMMaeM 3ajadyy, CTOSAIME INepell HallMMM 3aKa3uuKaMu |
BHUMATEJIbHO CJIEIUM 3a pa3BUTUEM pBIHKA MEPEIOBBIX JAOOPAaTOPHBIX TEXHOJIOTHM,
CTapsCh MAaKCHMAaJbHO OBICTPO BHEAPSTH HOBEWIINE TEXHOJOTUHM B TMPAKTUKY pabOTHI
OTEUYECTBEHHBIX J1a00paToOpHii; Bcerga TOTOBBI OKa3aTh MaKCHUMAaJbHOE COAEUCTBHE U
NOJJEPKKY B CHCTEMHOM M KOMIUIEKCHOM pELICHUM 3aJad, CTOSALMX IEepell HAUMU
napTHEpaMU U 3aKa34MKaMHu.

PEHIEHUSA JJIA TEHOTUIIMPOBAHUSA B ATPOI'EHOMUKE

.HCFKI/IG, PH6KI/IC, ABTOMATU3HUPOBAHHBIC PCIICHUA IJIA YCKOPCHHA HAIIHUX IIPOIpaMM
T'CHOMHOI'O 0T60pa u cenekuuu. Enunas HJIaT(i)OpMa JJIAA KaXXA0T0 3Talla MCCIICAOBaHUsA.

Pemienuss s reHotunupoBaus B ArporeHomuke ot Affymetrix obecrneunBaer
CEJIEKIIMOHEPOB M yUEHBIX MOIIHBIM U THOKHM HaOOpOM MHCTPYMEHTOB T€HOTHITHUPOBAHUS
I SKOHOMHYECKH S(PQGEKTUBHOM HACHTH()UKALUN, TPOBEPKH U CKPUHHMHIA CIIOKHBIX
TeHETHYECKHUX MPU3HAKOB y PACTCHUN M KUBOTHBIX.

HNucTpymMeHThI U1 reHeTHYeckoro anaau3a Affymetrix naror Bam
BO3MOKHOCTb:

e OmpenensaTh TEHETHYECKOE pazHooOpa3ue de novo MoCpPeaCTBOM TEXHOJOTHMA
TCHETHUYECKOTO aHaAJIH3a

Jlenatb aHaIM3 CTPYKTYPHI TOMYJISITUN

OnpenensaTh TCHETHYECKHE MapKEPhl, CBSI3aHHBIE C )KEJIAEMBbIMH MPU3HAKAMU
[ToaTBepxaaTh acconuauu MapKepoB-IPHU3HAKOB

[ToHnmaTh reHETUYECKYIO ANTAlUI0 K OKPYXKAroIIei cpese

Hcrnonb30BaTh TEHETUYECKYIO HMH(POPMAIUIO [UII  KOHTPOJS KEJIaeMbIX
PE3yJIbTaTOB

[IpoBoaNTE OTOOP pacTEHMI M )KUBOTHBIX IS JKEJIAEMbIX TIPU3HAKOB

e  YCKOpPUTh FT€HETUYECKUH MPOrPECC C BHICOKOW TOUHOCTHIO

NPEUMYIIECTBA TEHOTUIIMPOBAHUSA HA OCHOBE MATPUI]
JdocTynmHocTh

e DKOHOMHWYHBIC HHCTPYMCHTBI TCHOTHUIINPOBAHUA
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® affymetrix

Bialogy far a better world

yl'lpOI]_[eHHLIe HHCTPYMEHTDI AJId TCHOTHIIUPOBAHUA

o OOBeaMHANTE HECKOJIBKO NPWIOKEHWW IJIS TCHOTHIHPOBAHHUS Ha OIHOU
TEXHOJOTUYECKOH miaTdopme

e [IpocT B HCTIONB30BaHNU U IPOCTOM pabounii mporece

e [lomyuaiiTe TOUHbBIE OTBETHI TEHOTUIIMPOBAHUS B TEYEHHE HECKOJIBKHUX YaCOB

I'mokocTh

e BpICOKOIIPOU3BOAUTEIBHBIE NHCTPYMEHTHI T€HOTUIIUPOBAHUS IS
NPUIOKEHUH B TapreT reHOTUIIMPOBAHUM U TEHOTUITUPOBAHUM C BBICOKOM
IJIOTHOCTBIO

e Ananu3 a5 6e3yCI0BHOIO FreHOTUIIMPOBAHMS BCEX COOTBETCTBYIOIIUX
MapKepoB, MPEACTABIIAIOIINX UHTEPEC

e Hu3kas npuBepKEeHHOCTb BHIOOPKE

IIpoaykuusi [1Ji1 TreHOTHNMPOBAHUST HAa ocHoBe Marpun or Affymetrix
npeajiaraeT KOMILUIEKCHbIE pelleHusl A8 NPUWIOKeHUH OT NeHOMHOro aHaJu3a /0
PYTHHHOI'O0 CKPHMHHMHIA C BBICOKOH TOYHOCTBI0O H BOCIHPOM3BOAMMOCTBIO, NPOCTOTOM
padouero nmpouecca 1 HU3KON CTOUMOCTHIO.

PEHIEHUSA IJ1d TEHOTHIIMPOBAHUA AXIOM - YckopeTe nporecc
accoruanuu (peHoTUN-NpU3HaKa U KX 0TOOpa ¢ HAJEKHOU TEXHOJIOTHUEH

Pemenus s TCHOTHUIIMPOBAHUA AJIA arpOr€HOMUKHU BKIHOYACT MAaTpHUIbl C TCHOTHII-
TCCTUPOBAHHBIM MAaTCpHUATIOM H3 IeHOMHOM 0a3bl JaHHBIX Axiom® unu de novo MAapKcEpkI,
KOTOPBIC Ba’KHbI IJIA Bac.
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Tenotun- Npepgaputensho PeweHua ansa Habop pearextos WHETpyMeHT n:n;rpammuoe
ECIMPOBAHHbIEMAN CHOHCTPYHPOBAHHE U NOArOTOBKM TapreTa Axiom GeneTitan obecnedehie
HEAIBHD nonb3oBaTenbCkMe [mnwenn)Axiom LR

Console™ n
MHCTPYMEHTDI
Affymetrix

oBHapymeHHbIe MaTpuuel Axiom MpoYHBIA 1 06paboTHa MaTpuL
OHI JocTynkl pyHHBIE W HBJEHHEIA 3HaNK3 6e3 pyK 1 nony-4eHue
96 unu 334 oOpa3suoe 3BTOMAaTHHECKKE CHUMHKOB
WHaueMayansHas Ha MaHwWeTes NapameTpbl
HOHCYBTALMA No
AM3aRHY

Mporpammuoe
ofecne4eHus ans
EUENIEE]
FEHOTHNMPOBEHHA

MouHbIi

e ['eHorunupyiite 1r00bIe BUBI, TIOOOTO pa3Mepa reHoMa U YPOBHS

e Anamu3 Axiom® onpenensieT UHCEPIUU/ACICIMA 1 TapaHTUPYET BKIFOYCHHE BCEX
notennuanbHbix OHII ¢ coceqaumu OHII B ipeaenax 20 H.II., 4TO T03BOJIsIET Oosiee
s extuHbI ananmm3 JIKII

MoteHuuansHei OHN CoceaHuid OHM 06e OHM MosHo
TeHOTUNMPOBETS C
NOMOLLBKO aHanu3a Axiom

CGATCGGCG(C/G)ATTCGCGATCGCGAGAGTTG(A/T)TATCGAGCGCGA

Hanpexunoii

e MoxHo reHotunupoBaTth ¢ 100 Hr BwiaenenHoro JHK wu3 pazauyHoro Buaa
00pasioB
e Koappuuments: renotunupoBanus >99%

Macmradupyemblid
e [lomHOCTRIO aBTOMATH3UPOBAaHHBINA pabo4Mii MPOILECC ¢ BO3MOXHOCTHIO 00pabOTKU
10 8 00pa3IoB B HEJEIO ¢ MOMOIIIbI0 ogHOoro mpubdopa GeneTitan® MC
e BbICOKONPOU3BOAUTENBHBIN U THOKUIA AU3aiiH MaTpHIlLl 11 96 wimn 384 00pasion
HAa TUTAHIIET

TEHOTHIIMPOBAHUE PACTEHUI
Tonyuume oocmyn K aKCnepmHbIM OUAUHAM OJIS1 UHMEPeCYIOWUX 8AC U008

Affymetrix coTpyAHMYAET C YYEHBIMHU U3 HAyYHO-HCCIEA0BATEIbCKUX HHCTUTYTOB U
KOMMEPYECKUX CEMEHOBOJYECKUX KOMMAHWM [UIsi [u3ailHa MaTpull Uil pa3iudHbIX
pacTeHui, BKIIOYas KapTodenb, cosl, KIyOHMKa, MIIEHHULA, KyKypy3a U JAEKOpaTHBHBIC
pacTeHusl.

PaGounii mpomecc Axiom® obecreynBaeT aBTOMAaTU3UPOBAHHOE MPOrPaMMHOE
oOecriedeHre il OMpENeJCHUs] TEHOTUIIOB, YCTPaHss YTOMHTEIbHBIM PYYHOW MpOIece
onpeieNICHNs T€HOTHUIIOB.
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e [Iporpammuoe obecniedyenne Axiom® mnpeaiaraer aJanTUBHYIO IWHAMHYECKYIO

KJIACTEPU3ALUIO, KOTOpas HCIOJIb3YyeT CTAaTUCTUYECKHE METOAbl [UJIsi TOYHOTO
TeHOTUITMPOBAHUS TUTIJIOUTHBIX U TIOJIUTIJIOUTHBIX BUJIOB
[Tonb3oBaTenbckue MaTpullbl s TeHOTUnupoBaHus Axiom myDesign™ moryT
OBbITh UCIOJIB30BaHbI AJI UCCIACOBAHUMN 110 BAIMIALMN CEKBEHUPOBAHUS, ITOJIHOTO, U
PYTHUHHOT'O T€HOTUITMPOBAHMSI JIJIS1 CEJIEKIIMOHHBI3 LIEIEH.

I'EHOTUIINPOBAHUE AKBAKYJIbTYPbI

Affymetrix coTpyIHUYAET ¢ pSAOM HCCIEA0BATENCH aKBaKyJIbTyphl, BKIOYas Aqua

Gen, Center for Integrative Genomics (CIGENE), USDA u Landcatch, nis kommiiekcHOro
WCCIIEeIOBAaHUS TIPU3HAKOB U TEHOMHOTO 0TOOpa, YTOOBI YIYUITUTh MIPOTPAMMBI Pa3BEICHUS
BO MHOKECTBE BHJIOB aKBAKYJIbTYPbI, TAKUX KaK COM, KapIl U (Opelb.

[Tonmp30BaTenbCKas TEXHOJOTHS TeHOTHNHPOoBaHUs Axiom myDesign obecnieunBaer
nu3aiiH Matpuil 1t reHotunupoBanust OHIT cloKHBIX MO3aWYHBIX TEHOMOB, TaKUX
KaK y JOcOocCs.

[IporpammHoe oOecneueHue g aHanum3a JaHHBIX  Affymetrix  Bkirowaet
aJanTUPyeMble WHCTPYMEHTBI, KOTOpPbIE MOTYT OBITh TPHUMEHEHBI K Pa3IMYHBIM
BHJIaM aKBaKYJbTYPHI.

I'EHOTHUIIMPOBAHMUE )KUBOTHbBIX
BriGepure u3 Hamero karajaora MaTpUIly BRICOKOW TUIOTHOCTH
MaTpuua AJ15 OJTHOT€HOMHOI'0 e HOTUIIMPOBaHUs Kypul Axiom®

HaGop 1ist reHOTHNMUpPOBaHUS C BBICOKOW IIOTHOCTBIO JUISL KYpHI, KOTOPBIH
JOCTyNeH Juisi OOLIECTBEHHOIO HCIOJIb30BaHMsI, MNpEIHa3HaueH s Opoisepos,
HeCylIeK OeJbIX sIifll, HECYIIeK KOPUYHEBBIX ULl U OECIOPOJHBIX HEKOMMEPUYECKUX
IOpOJ,

HaGop paspaboran B corpyanuyectBe ¢ mnpoektoM German Synbreed,
¢bunancupyembiii BMBF B pamkax yacTHO-TOCYAapCTBEHHOTO MapTHEPCTBA, KOTOPOE
BiurouaeT npoekT LINK, dunancupyemsiiit BBSRC, mexny Mucturyrom Pocnuna,
Aviagen Ltd, Hy-Line International u Affymetrix.

BOS 1 maTpuna 115 nojiHoreHoMHoro renotunupopanusa KPC Axiom®

HauBrwicinii reHoMHBIN oxBaT i1 Bos taurus, Bos indicus ¢ 00abIIMM KOJIUYECTBOM
nopoy 3e0y u 6onee npurogasivu OHII nys Bamero ucmonb30BaHus,
Pa3zpaborannas B corpyanuyectBe ¢ 10 BeaymmMu HCCIENOBATEISIMH KPYITHOTO
poraroro Ckota M ¢ ToMoOIbi0 0a3bl maHHBIX Affymetrix’ mo 3 MIJIH. T€HOTHII-
tectupoBanHbix OHII,

WNurennekryanpbHash MaTpuiia, KoTopas HUCHoib3yeT crpateruto Bbioopa OHII Ha
OCHOBE 0JIOKOB TarJIOTHIIOB.

Martpuua Ajsi reHOTUNIMPOBaHKs 0yiiBOJIOB AXiom
[IpennasHaueHa mJjis HIMPOKOTO CHEKTpa MPUMEHEHHWH: OT KOMIUIEKCHBIX

I/ICCJ'IC,ZIOBaHI/Iﬁ IIPU3HAKOB U MOJ'IGKYJIHpHOfI CCJICKIIUHN JO COXPAaHCHUA U 6H0pa3H006pa31/1;1

¢ Bxurogaet obmue u pekue MapKepsl BOJIHOTO OyiiBosia (B. Bubalis bubalis),
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e [IpencraBiensl MHOTOYHCIIEHHBIE TOpoabl — Mediterranean, Murrah,
Jaffarabadi, and Nili-Ravi.

IIPUBOP GENETITAN — MNEPBbIA U EJUHCTBEHHBIN IHOJIHOCTbBIO
HMHTET'PUPOBAHHBIM MHCTPYMEHT MHUKPOYHUIIOB JJISA BE3 PYYHOMU
OBPABOTKHN MATPHUILL

Tpanchopmupyiite cBoro nadbopartoputo ¢ MHCTpyMeHToM GeneTitan wu ouryTute
HEMpEeB30HACHHYI0 MOIIb ONTUMHU3ALMU O0pabOTKM MaTpull s  OOHapyX eHHs,
uccienoBanu u ckpuaunara. O6a uncrpymenta, GeneTitan as sxcnpeccun U GeneTitan®
Multi-Channel (MC) Instrument JUISL OKCIIPECCHHM W TEeHOTUIIUPOBAHUS ILJIABHO
MHTETPUPYIOT TPOLECCHl THUOPHIW3AIMK, TPOMBIBKH ¥ BH3YyaJIM3allid B  CIUHBIHI
MHCTPYMEHT AJisi o0ecrieueHus: 0e3 pyyHoi oOpabOTKH MPOLIECCOB array - HE3aBUCHMO OT
TOTO, BHITIOJTHSIETE JI BBl OCHOBHBIE I ITPHUKIIAIHBIC UCCIICIOBAHUSI.

e Macmtabupyemocts — COOTBETCTByeT NOTPEOHOCTAM Kak CpenHe, TaKk u
BBICOKONPOU3BOJAUTENILHON  CIOCOOHOCTH, oOecreyuBaeT camoe  ObICTpoe
MOJIyYeHHE JAHHBIX U TPeOyeT MUHUMAIBHBIX PECYPCOB.

e DddexruBHocth — Cokpamaer Bpems 06padotku 10 30 MUHYT, Ja€T CHUMKH
MaTpUIl MEHEE YeM 3a MATh MUHYT U paboTaeT 6e3 MpucMoTpa B TEUCHHUE HOYH.

o Tubkocte — llommepkuBaeT  HMCCIENOBAHHUS  OKCIOPECCMHM  TI'E€HOB U
TCHOTHITMPOBAHUS HA MHOTO()OPMATHBIX MATPHYHBIX TUIAHIIIETaX.

e Tounocts — Kaxknplii pa3 obOecreynBaeT BBICOKOE KAadyeCTBO COTJIACOBAHHBIX
JAHHBIX TyTeM 00pa0OTKH HECKOJIBKHX BHIOOPOK MPHU OJJMHAKOBBIX yCIOBHSIX.

e ApanTarmonHocTh — Co3maer rubkue paboune MpoIecChl U PETUCTPALHIO
o6pas1oB ¢ nomoieto [Iporpammuoro obecnieuenust (AGCC) Affymetrix®
GeneChip® Command Console® .

I'mbkocTh, KOTOPYIO BBI KeaeTe — MHOKECTBO (DOPMATOB M MHAUBUIYAJIbHbIE
pelieHusl ISl HMCCJAEAOBAHMM JKCIPECCMM TIEeHOB M
TeHOTUIIUPOBAHUSA

GeneTitan® Instruments BMECT€ C  HMHAYCTPUAIBHO-NPU3HAHHBIMU
BBICOKOTNIPOU3BOAUTENIbHBIMM  MaTpUuHbIMU  iaHmeTamu  Affymetrix®) obecneunBaer
nepBoe He pyyHOe, AaBTOMATH3UPOBAHHOE peHIeHHE Ui OOpabOTKM MHMKpPOYMIIOB.
biaronaps HIUPOKOMY BBIOODY dopmaroB
MaTPUYHBIX IIJIAHIIETOB BbI H ‘ MOJKETE JIETKO HEpEe’TH OT
OTKPBITUH €  IIOMOUIBIO NeFicTos, : MIOJIHOT€HOMHOT'O
reHotunupoBanuss OHII, | KOMILJIEKCHBIM

HCCIEIOBAHUAM Mpoduiiel SKCIPECCHU T€HOB, OTHOCSIIMXCS K BaXXHBIM OHMOJIOTUYECKUM
(eHoTHIaM, TAKMM KaK OTBETHAs peaKI[is Ha Mpenaparsl Wi 3a001eBaHusl.
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[IpenBapuTeIbHO CKOHCTPYHPOBAHHBIC M HACTPAMBACMBIC MATPHUHBIC TIAHIICTHI, Ui 24-
u 96-bopmatoB, 00eceUnBAIOT BHICOUANIIYIO MPOU3BOAUTEIHHOCTh C MACIITaOUPyEMO
MPOU3BOIUTEIHHOCTHIO .

nccsiegoBaTtesibCKme opraHmnambl

GeneTitan Instruments BmMecte ¢ Affymetrix Array Plates npenoctaBnsitoT mmpoxuii
ACCOPTUMEHT MPUMEHEHHS B UCCIICIOBAHUSIX T€HHON IKCIPECCHH U TEHOTHITHPOBAHUS.

MHuo:xecTBO hopmMaToB:

e Affymetrix MaTpuUHbIe IUIAHIIETHI JJI51 IKCIPECCHN HUJCATbHO MOAXOAST
JUTsl 1a00opaTopuii CpemHeld W BBICOKOW MPOU3BOIUTEIBHOCTH; J[oCTymHBI B
dopmarax ans 16-, 24- 96 0Opa31oB;

e Axiom® MaTpuyHble NJAHIIETHI JJsi T€eHOTHNHPOBAHMS [OCTYIIHBI B
HECKOJIBKUX (opMaTax, Jyist 00paboTku ot 24 10 96 006pa3ioB Ha TUTAHIIETY.

Macmradbupyemasi IpOU3BOAMTEIBHOCTD :

e IlIpouecc ot 16 g0 192 o6pa3uoB B AeHb. [[03BOMSIET yBEIUUNTh MacuiTad
MPOU3BOAUTEIBHOCTH  0€3  JIOTONHUTENbHOM  pabodeil  Cuwibl WU
WHCTPYMEHTOB,

e JlocTHKeHHE BbICOKOH TNPOU3BOAUTEIBLHOCTH. MaTpuUyHbIe IUIAHIIETHI
COKpAILlal0T BpeMsi pydHOil 00pabOTKH, CBOASIT K MUHUMYMY BMEIIATEIbCTBO
NOJIb30BaTeNsl U 00pabaTbIBatoTCs 0€3 MPUCMOTpa B TEUEHUE HOYH.

NuauBuayajibHble pelieHus:

e Marpuunsie IUIAHIIETHI NSt IKCIPECUuH MyGeneChip™
NuuBuayanbHble pEIICHUs IS YEJIOBEYECKUX U MOJETBHBIX U MPUKIATHBIX
HCCIIE1I0BAaTENbCKUX OPTaHU3MOB,

e MarpuyHble IUIAHIIETHI TeHOTHNUPOBaHMS Axiom® myDesign™
I'eHOMHBIN OXBAaT CHEUUAIBHO CKOHCTPYHMPOBAHHBIM JJISI 4YEJIOBEUYECKUX H
arpoKyJIbTYPHBIX MOMYJIALNiA, ¢ GoKycoM Ha uHTepecytonme Bac OHIL.

A% TOO "Zalma Ltd.”

TOO "Zalma Lid.” {(Llaama ATA.) e o p
PK. 1. Aardru, ya. BorenBon Sarupao, 305a u‘*" g ! PE. r. ACTaHA, P-H Aasmarel, XK aCka3ouHsin mmpn,
TeA.: +7 [727) 374-35-87 chakc: +7 {727) 374-35-47 RS S ¥a. 23-15. a0s 11, Back A, k8.132;

info ¥ zalma.org 1ea.: 8 [7172) 25-99-75; info.asiana@alma.orng

ZALMA
www.zalma.org
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Poccus, 117997, r. MockBa, yJ1. Mukiayxo-Makias, a. 16/10
‘ ‘ Ten. / dakc: +7 (499) 724-8872, +7 (495) 223-4815
| | sales@labinstruments.ru

H HCprM e HTC www.labinstruments.ru

Kovnanus JlabMHcTPpYyMEHTC 3aHUMAETCsS TOCTAaBKOW aHAIMTHYECKUX TMPHOOPOB, J1a00paTOPHOTO
000pyIOBaHUs, PACXOAHBIX MATEPUATIOB U PEareHTOB JUIS HMCCIEIOBAaHUN B OOJIACTH 3KOJIOTHH,
OMOJIOTUH, XUMUHU, OMOTEXHOJIOTHH M CMEXXHBIX OTpaciei.

Komnanus JlabUHcTpymMeHTC sBnsieTcsa oduumansHeiM npeacraButeneM B PO u crpanax CHIT
MHOTHX BeIyIIUX mpousBoautene u3z Amepuxu u Espombl, Takux kak: LI-COR (CIIA),
Eppendorf (/Newbrunswick) (I'epmanust), Labconco (CILIA), Wheaton (CILIA), Sonics & Materials
(CHIA), Fibercell Systems (CILLA), Linseis (I'epmanns), VWR USA (CLIA) u gp.

Kpome Ttoro, xommanus JlaGMHCTpyMEHTC MOCTaBISET MPOMYKIMIO TaKMX MPOU3BOIUTENEH Kak
Merck, Millipore, Sigma, Beckman, Agilent, GE Healthcare u np.

Taxke kommanust JlaOMHcTpymeHTC mnpeanaraeT TOBapbl IO aMepUKaHCKMM Kartaimoram: VWR
International (CIIIA) (kpymHEeHmuii MHPOBOH TOCTaBIIMK JIAOOPATOPHOTO  OOOPYIOBAHHS)
(https://us.vwr.com), Fisher Sci. (CIA) u np.

Komnanust nMeeT BO3MOXKHOCTB MTOCTABKU MPAKTHUYECKH JIF0OOOTO Ta00paTOPHOTO 000PYI0BAHUS OT
npousBoauTeneil u3 Amepuku u EBpombl, HE MpeCTaBlIeHHbIX HA MECTHOM pblHKE. CrielnanucTsl
koMnanuu JIaOMHCTpyMEHTC UMEIOT OOJIBILION ONBIT U BCETIa pajibl OKa3aTh NOIIAEPKKY KIUECHTAM
10 BOMpOcaM BbIOOpa 000py10BaHHUS.

Co6anancupoBanHbiil mopTdens komnanuu JJabVHCTpYMEHTC TTO3BOJISIET KOMIUIEKTOBATh IO KITFOY
naboparopun 1r060ro mpoduis: OT OHOPEaKTOPOB M BHITSHKHBIX MIKa(OB 10 MUKPOMPOOUPOK U
HAaKOHEYHUKOB ISl TUIIETOK.

Komnanus JlabMHCTpyMEHTC pacnojaraeT CKJIaJCKMMU HOMeIleHus MM B MocCKBe, Ilie BCeria B
HaJIMYUU PacXOJHbIe MaTepUasbl U Harbosee X00BOe 000py10BaHUE.

Komnanus pacrosaraeT ITaTOM BbICOKOKBIN(UIIMPOBAHHBIX WH)KEHEPOB, TOTOBBIX IPOBECTU
BBOJ] 00OpYZOBaHMS B SKCIUTyaTalnio, OOyueHHE MepcoHana 3aka3uHhka, a TaKKe CEpPBUCHOE,
rapaHTUHHOE U MOCJIerapaHTuitHoe 00cIyKuBaHUEe 000pYyI0BAHUS.

OcnoBHas 1ens Komnanuu JJabMHCTpyMeHTC — npeu1okuTh Bam, HaleMy KIHEHTY, MaKCHMaIbHO
IIMPOKUHA aCCOPTUMEHT BBICOKOKAUYECTBEHHON NPOAYKIMHM, a Takke KOMQPOpTaOenbHbI U
poheCCHOHATBLHBIN CEPBUC.

bnaronapst MHOrojeTHEMY OIBITY Mbl HMEEM BO3MOKHOCTh NPEAJIOXKUTh BaMm onTumanbHble
TEXHUYECKUE PELIEHUS 10 CAaMbIM BbITOJHBIM IICHAM.

Ceromust Mbl paabl npeacTtaButh Bamemy BHUMaHHio npoaykiuio kommanud LI-COR (CIIA)
(www.licor.com). Komnanust LI-COR sBaseTrcss MUPOBBIM JIMAEPOM B  IPOU3BOJICTBE
o0OpyIOBaHUS Ui W3MEpEeHus razooOMeHa pacTeHWM W TOo4YB, M3y4deHHs (oTocuHTe3a, s
9KOJIOTMYECKOTO0 MOHMUTOpPUHIA, a TAK)K€ MMAKUHTOBBIX CHCTEM Uil JOKYMEHTAllUd M aHalu3a
BECTEpH-OJIOTOB M Jp., CUCTEM JUI In VIVO HMMAJKUMHTa MHpPOIECCOB B OpPraHU3Max MeEJIKHX
1a00paTOPHBIX KUBOTHBIX U MHOT'OI'O JJPYTOroO.

Hosas cucrema nsmepenus YHMBepcanbHaa CUCTEMa MMaXKMHTa

rasoobmeHa pacteHui LI-COR LI-6800 LI-COR Odyssey CLx
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/' c aﬁ MM HuacTpymeHTC

[MogpasgeneHne LI-COR Environmental xomnanus LI-COR (CHIA) (www.licor.com)
ARAASTCA BeJVIIHM NPOH3BOAHTENeM NPHOOPOB 1714 H3yUeHHA PACTEHHH, BKIYAd
CHCTEMBI H3yIeHUA TMpoleccoB GOTOCHHTEZA (M3MepeHHe uyopecleHHl X1opodHILIa,
H2MepeHHe rasoobMeHa pacTeHHi), npubopoB A4 H3MepeHHA IJIOWATH JHCTBEEB H
JUCTOBOTO HWHJAeKca (MOKPBITHA KPOHBI), JATYHKOM VPOBHA OCBENEHHOCTH H
PETHCTPATOPOR K HUM, a Takxe TPodeccHOHANBHBIX TA30aHAMH3ATOPOB H KOMIUIEKCHBIX
CHCTEM 3K0TOTHIECKOTO0 MOHHTOPHHTA ATMOCGEPBI H TOYBHI H A].

HoBadA nopraTHBHAA CHCTeMa aHA/IH3a NponeccoB GOTOCHHTe3a
LI-COR LI-6800

BecnpenefeHTHBIE BO3MOKHOCTH 1714 H3MEePeHHA IapaMeTPoB
razoo6MeHa pacTeHHH H QayopeceHIIHH X10pogHLIA.

Hoeoe nokoaeHHe caMOH OUTHPYEMOH CHCTEMEI B MEDE.

[lopTaTHBHAA cHCTEMA aHA/IH3Aa NpoleccoB GOTOCHHTE3A
LI-COR LI-6400

[[poBepeHHOE BpeMeHeM KaueCTBO H HA/IeXKHOCTh, IIHPOKHI CIIEKT]P
BO3MOMHOCTEH, MHPOKHI ACCOPTHMEHT PabodHX KaMep.

AHa/MTM3aTOp NPOEKTHBHOIO MOKPBITHA KPOHBI LI-COR LAI-2200C
BBICTPEIA ¥ TOYHBIH HEPA3PYLIAMIHI AHAIN3 THCTOBOT0 HHISKCA TPAE,
KYCTAPHUKOB U IpeBecHBIX HACAKIeHH .

Perucrparopsl ocBenieHHOCTH LI-COR LI-250A v LI-COR LI-1500

LI-COR LI-250A - 0JHOKAHATBHBIH PeTHCTPATOP IJIA 3allHCH CHTHAIA
LI-COR LI-1500 - TpeXKAHAMTLHEIA PerHcTPaTOp A4 3allHCH H AaHATH3a
CHTHAJIOB

MHTYHTHBHLBIH HHTepdelic, HAZeKHOCTh, YIapONpPOYHOCTE,
BOJOHeNPOHHIAeMOCTE.

JaT4YHKH YPOBHA 0CBeIlleHHOCTH, TeMIEePaTyPhl, BAAKHOCTH H AP,
HazeMHEle H MoJBoAHbIe JaTYHKH PAP, paguoMeTpEl, oTOMETpHIECKHE
LATYHKH, THPAaHOMEeTpHYeCKHe JATYHKH, JaTYHKH TeMIePaTypsl Bo3ayxa /
MOYBHI, JATYHKH BJIAKHOCTH BO3AYXa / MOYBEL, H MHOTHE JIpPYTHE.

AHA/TH3aTOPHI IJIOIAAH THCTOBOH MOBEPXHOCTH H IPYTHX
[apaMeTpOB JIHCTA

LI-COR LI-3000C - 1OPTATHBHBIH aHATH3aTOP IVIOMAAH THCTA
LI-COR LI-3100C - naGopaTOPHBIH AHATH3ATOP IJIOMIAAH JTHCTA
AHaNMHU3 MI0MALH, IIHHE], MAKCHMalbHOH [IMHPHHLL H YCpeJHeHHOH
IIHPHHBL THCTA.

KoMnanua Ta6HHCTpYMeHTC - 0QHIHATbHBIH IKCK/II3HBHBIH NpeJcTABHTEIb
koMunaHuH LI-COR B P® u crpanax CHI
Poccus, 117997, r. Mockea, yin. Muknyxo-Marnan, 1.16/10 (MBX PAH), od. 32-306
Ten./dakc: +7 (499) 72-488-72, +7 (495) 223-2815, +7 (495) 669-2094
OTBeTCTBeHHHI IPeJCTABHTENb IOCTABI[HKA:
KX H. AHnEeInoend Cepreii Uropeeny
sa@labinstrumentsru www.labinstruments.ou
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L1/ COR Nz

HHcTpyMeHTC

[Tonpasgenenve LI-COR Biotechnology xommanuu LI-COR (CIIA) (wwwe.licor.com)
SIBJISIETCS BeAYLUM NPOU3BOAMUTEJIEM CHUCTEM BU3yaJM3allMd W aHaJM3a H300pakeHUH
BECTEPH-0JIOTOB U Ap. (MMa/PKUHTOBBIX CUCTEM), a TaKXK€ COOTBETCTBYIOIIUX PEAreHTOB U
akceccyapoB. B accoptumenre:

Cepuss MHOroQyHKUIMOHA/IbHBIX HUMaJKUHIOBbIX cuctem Li-Cor
Odyssey a1 AOKyMeHTAaLlUU U aHA/IM3a U300pakeHUuH (BecTepH-
6J10THI U AP.)

BbICOKOUYBCTBUTE/IbHbIN KOJIMYECTBEHHbIN aHA/INU3 6JI0TOB U JIP.
MeTO/I0M JleTeKLuHU dyopecieH MU B 6imxkHel UK-061acTr
OZJHOBPEMEHHO MO0 ABYM KaHaJiaM, IIMPOYAUIIUU JUHAMUYECKUU
JluanasoH, BbICOKasi TOUHOCTb U BOCIIPOU3BOJUMOCTb.

Cucrema Li-Cor Odyssey CLx (UK-dyopecueHuus no JByM KaHajiaM
OJHOBPEMEHHO)

MoiHass MHOTOQYHKIIMOHA/bHAsA CUCTeMa BblCOYanIlen
YYBCTBUTEJBHOCTHU. UCTUHHBINA KOJIMYECTBEHHBIM aHa/IM3 6J10TOB, aHAJINU3
resiel okpaueHHbIX Kymaccy, ananus reseit JHK/PHK, aHanus kjieTouHbIX
BecTepHOB (In- / On-Cell Western), EMSA, ELISA, FLISA, u MHoTO€E ApyTOE€!

Cucrema Li-Cor Odyssey Fc (UK-dayopecueHnusa no JByM KaHajlaM
OJHOBPEMEHHO ¥ XeMUJIIOMUHEeCLeHI M)

YHuBepcasbHasd cucTeMa 1o JOCTYIHOHU LieHe. UCTUHHBIN KOJIMYeCTBEHHbIU
a”aJsiu3 6JI0TOB, aHaJIU3 reJieil okpauleHHbIX Kymaccy, aHanus resei
JHK/PHK u MmHoroe gpyroe!

BBICOKOCKOPOCTHOM 1MPPOBOM CKaHeEp XeMHUJIIOMHUHECLeHTHBIX 6JI0TOB
LI-COR C-DiGit

MrHoBeHHOe NoJIy4YeHHe BbICOKOKa4YeCTBEHHBIX U300 paKeHU !
BeCTepH-0JI0TOB 6€3 UCN0/Ib30BaHus NJIeHKU. CKaHUpOBaHUe
Ha)KaTHUeM OJHOW KHONKU. YyBCTBUTENIBHOCTD KaK y IJIEHKU UJIU
ay4duie. 0JHOBpeMeHHOe 0OHapY>KEHUEe CUTHAJIOB BbICOKOW U HU3KOM
MHTEHCHBHOCTH 6€3 epeHachlleHusl [10JI0C.

Pearenrtnl Li-Cor aJ11 6JIOTTMHra, UMaJA>KUHTa U AP.

MeTku u peareHThl ajs1 UK-payopecueHIMH U XeMUJTIOMUHECIEHIUH,
KBeHYepbl, METKHW BUJUMOTO Auana3oHa U Ap., peareHThbl JJis
XeMUIIOMUHecLeHTHbIX U UK-duyopeclieHTHBIX BECTEPH-6JI0TOB,
NepBHUYHbIE U BTOPUYHbIE MeUeHble aHTUTeJa, 6eJIKOBble MapKephl,
cybcTpathl, 6ydepHblie cMecH, peareHThl st EMSA, ELISA, FLISA v MmHorO€ Apyroe!

REAGENTS

Komnanus JlaGUHCcTpyMeHTC - 0puIuaIbHbIN IKCK/IIO3UBHbIN IpeACTaBUTE/Ib
KomnaHui LI-COR B P® u crpanax CHI'

Poccus, 117997, r. MockBa, yJi1. Mukayxo-Makuas, 4.16/10 (MBX PAH), od. 32-306
Ten./dakc: +7 (499) 72-488-72, +7 (495) 223-2815, +7 (495) 669-2094
OTBeTCTBEHHBbIU NIPeACTAaBUTE/Ib IOCTABLUKA:

K.X.H. AHUbITOBUY Cepreit UropeBud
sa@labinstruments.ru wwwe.labinstruments.ru
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Il TAB eppendorf
||| HHCprMeHTC @ New Brunswick

aneppendorf company

Kommnanusi Eppendorf ([epmaHusi) 3aHuUMaeTcd pas3pabOTKON, NPOU3BOACTBOM W MpoJaxKel
NPOJYKLUHHU NpeMUyM-KJacca U ycayr AJjs jabopaTopuid IO BCeMy MHUPY U fIBASETCS OJHUM U3
JINJIepOB Ha pbIHKE BbICOKOTEXHOJIOTMYHOr0o 060pyoBanus. [Ipoaykuus Eppendorf ucnosnbsyercs B
JlabopaTopusiXx  CaMbIX  pas3JIMYHbIX Opoduell: akaJeMHYecKUX, OTpacjJeBbIX HAy4yHO-
MCCJIe/I0BATEbCKUX, KIMHUKO-AUArHOCTHYECKHX, IKOJOTUYECKUX, KPUMHUHAJUCTHYECKHUX, a TaKXKe B
dapManeBTHYECKON, OUOTEXHOJOTUYECKON, XHMHUYECKOW U TMUIIEBONH MNPOMBIIIJIEHHOCTH U B
JIabopaToOpUsAX Ha MPOMBIILJIEHHBIX NPeANPUATHUAX, KOTOPbIM HeOO0XOJAMM KOHTPOJIb KayecTBa U
aHa/IM3 IPOU3BOJCTBEHHOrO npolecca. JlabUHcTpyMeHTC siBsieTcs AuiepoM Eppendorf B PO.

IMpoaykuusa Eppendorf npeacraBieHa B TpeX HallpaBJIEHUSIX:
LIQUID HANDLING:

MexaHU4YeCcKHe U 3JIEKTPOHHbBIE J103aTOPhI;

HakoHeyHuKHU 17151 103aTOPOB;

MexaHH4YeCKHUe U 3JIEKTPOHHbIE IUCTIEHCEDHI;

ByTbL/I04HbIE 1,03aTOPBI, UPOBBIE GIOPETKYU;

CTaHUIMU aBTOMATHYECKOTO I03UPOBAHUSI.

SAMPLE HANDLING:

Mukcepbl, TepMOMHUKCEPHI U TEPMOCTATHI;

[Ipo6GUPKH U MJIAHILIETHI;

HenTpudyru u poTopsl;

AMIIMPUKATOPBI U pacxoiHble MaTepuasbl s [11P;
HuskoTeMmnepaTypHble MOPO3UJIbHBIE KAMEDHI.

CELL HANDLING:

BuopeakTopsl, bepMeHTEPHI.

CO2-unKy6aTOphI, HIEUKEPHI;

®oToMeTphl, CIEKTPOGOTOMETPHI;
MUKpOMaHHUTYIATOPbI, MUKPOUHBEKTOPHI

PacxoiHble MaTepUasbl JIJisl KyJIbTUBUPOBAHUS KJIETOK U
MUKPOCKOIUH

LN DS U
>4 LABCONCO

Komnanus Labconco (CIIA) siB/isieTcsi IpU3HAHHBIM

MHUPOBBIM JINZIEPOM B IPOU3BO/JCTBE 0011es1ab60paTOpHOro 060pyAo0BaHus. Labconco - oauH us
CTapeHlInX MUPOBBIX IPOMU3BOAUTENEN 060PYA0BaHUA AJ1s1 1abOpaTOPUN XUMHUYECKOT0 U
6uosioruyeckoro npodus. [IpoAykysa KOMIIAaHUU OTJIUYAETCS UCKIIOYHUTETbHON Ha/leXKHOCThIO B
3KCIJIyaTalluy, BLICOKUM YPOBHEM 6€30MaCHOCTH, SprOHOMUYHOCTBIO U llepeZOBbIMU TEXHUYECKUMU
xapakTepucThukamu. Komnanus JlabUHcTpyMeHTC aABseTCA 0QUIIMAJbHBIM NIpeICTaBUTENEM
koMnaHuM Labconco B Poccuu v ctpanax CHT.

B accopTuMeHTe KOMIAHUU: - BBITSKHbIE LIKadbl, - JAMUHApPHbIE 6OKCHI, - TUOPUIbHbIE CYLIKH,

- BaKyyMHble KOHLIEHTPATOph], - IepyaTOuHble HOKCHI, - 1abopaTOpHbIe 0CYA0MOeYHble MallKHbI,

- JabopaTOpHbIe CUCTEMBI BOAONOATOTOBKU U AP.

000 «Komnanus JlaUUHCTpYyMEHTC»
Poccus, 117997, r. MockBa, yJ1. Mukinyxo-Makaas, 4. 16/10 (UBEX PAH), kopnyc 32, oduc 306
Tenedon: +7 (495) 762-0236; 223-4815, Ten./dakc: +7 (495) 223-4815; +7 (499) 724-8872
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A Leading Global Provider of
Genomic and Bioinformatics Services
Supporting Life Science Research
and Drug Discovery

BGI was founded in 1999 as a nonprofit research organization to support
the Human Genome Project. Over the years, BGI has grown into a
multinational genomics company with significant global operations,
including sequencing laboratories based in the US, Europe, Hong Kong
and mainland China.

Benefit From BGIs Deep Scientific Roots and 15 Year Commercial
Sequencing Experience

BGl's experience in high-capacity, high-throughput analytics, bioinformatics
capabilities, and long history in large population-scale genomics and data analysis,
means that it is uniquely positioned to support your project across a wide variety
of applications covering human, plant, animal and microbial research. BGl's project
specialists can help you choose an optimal sequencing strategy whatever your
project.

A Reliable Outsourcing Partner for the Pharmaceutical Industry

BGI provides a wide array of high quality and regulatory-compliant genomic services
for pharmacogenomics. BGl's experience and worldwide laboratory locations mean
that it is uniquely positioned to support pharmaceutical companies throughout the
drug development and production process, from the preclinical phase through to
clinical trials phases.

Bioinformatics Support and Post-5ales Services

Supported by a large team of bioinformaticians, BGI offers extensive data analysis
options including accurate SNP and indel determination, and CNV calls in normal-
tumor pairs. In addition, BGI Online, a bioinformatics service portal and marketplace,
offers a variety of secondary and tertiary analysis solutions to our clients. BGI also
provides secure and affordable data storage and management options.
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WORLDWIDE
OFFICES

BGI Americas

One Broadway, 3rd Floor
Cambridge,

MA 02142,

U.S.A.

+1 617 500-2741

BGI China

Building Me. 7, BGI Park,
No. 21 Hongan 3rd Street
‘Yantian District,
Shenzhen, 518083,
China

+86 755 25273698

BGI Europe
Ole Maalees Vej 3, 2200
Copenhagen N,

Denmark

+45 7026 0806

BGI Asia Pacific

16 Dai Fu Street,

Tai Po Industrial Estate,
MNew Territories,

Hong Kong

+86 755 25273120

BGI Japan

Kobe KIMEC Center BLDG. 8F
1-5-2 Minatojima-minamirmachi,

Chuo-ku,

Kobe 650-0047
Japan

+81785 99 €108

VISIT OUR WEBSITE

www.bgi.com
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EXERA
=2

Service Offerings and Specifications®

BGI provides 24/7, round-the-clock technical support across the US, Europe and Asia Pacific to
our clients. From sample to results, BGl provides a complete solution to enable rapid discovery.

« Genomics Services, including:
- Exome Sequencing
- Target Region Sequencing
-Human Whole Genome Sequencing
- Plant and Animal De Novo Sequencing and Re-sequencing
- Single-Cell DNA Sequencing

- Transcriptomics Services, including:
- Whele Transcriptome Sequencing
- RNA-Sequencing (Quantification)
- Small RNA Sequencing
- Single-Cell DNA Sequencing

- Epigenomics Services, including:
- Bisulfite Sequencing
- ChiPSeq
-MeDIP

« Genotyping
« Proteomics Services

« Meta-omics Services
« Genotyping
Proteomics Services

Meta-omics Services

Immune Repetoire Sequencing

Tumor Profiling

Wide Portfolio of Genetic Testing Services

Bicinformatics Services

Join BGI in the Genomic Revolution

With a rich portfolio of genomic products and services, BGlis committed to providing customers with NGS services to
support the needs of the research and clinical markets.

For more information please contact us at info@bgi-international.com.
Alternatively, please visit Www.bgi.com.

*Available services vary by area. Clinical services are available in select areas outside the United States. Contact your local representative for
more details on the service menu in your area.

Copyright® 2016 BGI. The BGI logoe Is a trademark of BGI. All rights resarved.
Information, descriptions, and specifiications In this publication are subject to change without notica,
Published, March 2018, BR-COV-02
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BGISEQ=500 System Specification

BGISEQ-S000
A BGI Sequencer
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BGI's NGS system | BGISEQ-500

A benchtop high-throughput open sequencing platform
that provides end-to-end solutions
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Speed
End-to=and saquencing operation
The fastest tum around time 24 hours
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TOO «buoXumlIlpubdop»

050002. r. Anmarsl, yn. Makaraesa, 34 5% .XM M
Tenedon/dpaxkc:

+7(727) 397-75-01 (-02, -04) m P W PBH O P

e-mail: biohimpribor@mail.ru

TOO  «buoXumllpubop» co3mano B 2003 r. W B HACTOSAMIMA MOMEHT SBJISETCS

MOCTABIIMKOM OOOpY/JOBaHUS, PACXOAHBIX MaTepuajoB, pPEaKTUBOB 3apyOeKHBIX
MPOU3BOAUTEIICH.
Hamm  ximMeHtsl —  coTpyaHuku — jabopartopuii:  OHMOJIOTMYECKUX, XUMHUYECKUX,

BETEPUHAPHBIX, IKOJIOTHYECKUX, KOHTPOJIS KAadecTBa MHINEBBIX MPOMYKTOB, KOHTPOJIS
KauecTBa CTPOUTENBHBIX JIAOOPATOPUIA, TOCYTAPCTBEHHBIC U KOHTPOJIBHBIC CITYIKOBI.

Mgl ipeiaraeM CBOMM KJIIMEHTaM KOMIUIEKCHOE OCHAIIIEHHUE, TO3TOMY, Hapsoy ¢ TPOJaKei
nabopaTopHOTrO 000pY/IOBaHUs, TMOCTaBIsieM, TaKXe, W BCe, 4YTO TpeOyeTcss s ero
HOPMAJILHOTO WCTOJB30BAaHUS — OT PACXOJHBIX MATEPUAIOB, TOCYIbl U MeOenu 0
71a00paTOPHBIX KUBOTHBIX.

HAITPABJIEHWA JEATEJIBHOCTH KOMITAHUA

‘/ XuMHnueckKune PC€aAKTUBLI

|| B
Kommanus "buoXum IIpubop" 3aHnMaeTcs MOoCTaBKONM XUMHUYECKUX PEAKTHBOB IMOJ 3aKa3 IO
KarajoraM M sIBJIS€TCS O(PHMUIMANBHBIM JUJICPOM MHPOBOTO MpousBoautens Sigma-Aldrich
(6penner Sigma, Aldrich, Fluka, Supelco, SAFC, Riedel-de-Haen u gmp.). AccopTumeHT
MPOIYKIINHN HacuuThIBaeT 0osee 200 ThICSY MO3UIIUN.
Karanor caiira pupmsr Curma-Angpud

B

SIGMA-ALORICH http://www.sigmaaldrich.com/european-export.html

v buopearenTsl

Pearentel nmns  wWccnegoBaHW B 00JAacTH  MOIGKYJSIPHOH  OMOJIOTHH, KJIETOYHOTO
KyJbTUBUpPOBaHUS, OuorexHojoruu. IlemTuasl M peareHThl Ui MNENTHIHOTO CHHTE3A.
[MutarenbHble cpeabl W MX KOMIOHEHTH. DertanbHble  CHIBOPOTKH. HaOopel s
BoieneHus/ounctku JIHK u PHK. @epmentsl. AnTuTena. OnuroHykieoTuasl (mpaiimepa u
poOsI, mpou3BoAcTBa SigmaGenoSys)
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v PacxoaHble MAaTEPHAJIbI

NJis1 1abopaTtopuii
Ilocyna cTexisgHHasT W IJIACTUKOBAsl, TEPMOMETPHI,
apeoMETphl, MUKHOMETPBI, HM3MEPHUTEIbHAA II0CYIa,
MUATIETKH aBTOMATHYECKUE, 03aTOpbl, (UIBTPHI U3
Pa3HBIX MaTEpHUAJIOB, LIUPOKOTO AMAIIa30HA, Pa3MEPOB
Y TIOPUCTOCTH, HWHIWKATOpHAs Oymara oOT JIy4IIux
3araJHbIX HpOI/ISBO,Z[PITeJIeﬁ.

v O0mes1adboparopHoe 000py10BaHue
Lentpudyru. Poropusie ucnapurenu. Mydensusie neun. Harpesarensusie mpubopsl. Bechl.
[lepememmBaromue | aAucneprupyomme npudopsl. BakyyMHble Hacochl M JaTYMKH.
TepmocTaTbl U aBTOKJABbl. XOJOJWIBHOE M MOPO3WJIbHOE 000pyAoBaHHE. MUKPOCKOIMBI.
VYnbrpa3BykoBbie 60ann. CEKTPOPOTOMETPHI.

v CnenuaibHoe JIaGopaTopHoe 000pyI0BAHHE H CEPBHC
o HpI/I60pI>I 1 aHAJIUTHYCCKHUEC CHUCTEMBI IJIA aHaIn3a CIIOXKHBIX cMmeceit OpTraHU4YCCKUX
COECIUHEHUN
[TpuGops! anst aHamM3a 0OBEKTOB HATYPAIBHOTO U CHHTETHUECKOTO MPOUCXOXKICHHUS,
01000BEKTOB
[TpuGops! s aHaIM3a TUOKCUHOB
MeTtozasl 1 TPUOOPHI 7151 KOHTPOJIST OE30MACHOCTH MHUIIEBBIX MTPOTyKTOB
HpI/I60pI>I JJIA U30TOITHOI'O aHajJIu3a B I'€OJIOTUH, TCOXUMUU, U B SIILepHOﬁ OHCPICTUKC
[TpuGopsI 17151 2IIEMEHTHOTO aHAJIM3a ¥ M30TOITHOTO CKPUHHUHTA
Mrel MOkeM IOCTaBIISATH HpI/I60pI>I OTACJIIBHO WU TOTOBBIMH KOMIINICKCHBIMU
PEIICHUAMUA CepBI/IC BBICOYAMIIIETO KadyeCctBa, MCTOAUYCCKHUE MU TCXHHYCCKHE
KOHCYJIbTallhH.

(@]

OO0 O0OO0Oo

v’ JIaGopaTopHas Medean

Mpbl npou3BoguM JabopaTOpHYIO0 MeOenb, 3TO MKagbl - BHITSDKHBIC, MEIUIIMHCKUE,
CTelMaJbHBIE [UI1 XPAaHEHHS XHMHYECKHX pPEaKTHBOB; CTOJNBI — XHUMHYECKHUE,
Ouosiornuyeckue, NPUOOpPHBIC, BECOBbIC, TUTPOBAJIBHBIC, OCTPOBHBIC, CTOJBI-MOUKH;
JiemaeM pasfIiyHble TpucnocoOneHus aisa jgabopatopuid. Kapkac Hameirt mebenu u3
HEpIKaBEIOIEH CTalH, MOBEPXHOCTH CTOJICIIHUI] MOTYT OBITh M3 Pa3HBIX MaTepHAJIOB.
3aKa3bl BBIMOIHIIOTCS HHANBUAYAIBHO, YIUTHIBASI MTOYKETAHNS KINCHTA.

v Texunueckmuii cepsuc u ceprupukanus 6

Hama xommanus pacmojiaract COOCTBEHHBIM CCPBUCHBIM IOAPA3ACICHUCM, KOTOPOC
OCYIIIECTBIIICT TApaHTUHHOE U TOCT-TaPAHTHMHOE OOCTY>KUBAaHHE, a TaKXKE PEMOHT
O60py,Z[OBaHI/I${, MCTOANYCCKUC U TCXHUYICCKHUEC KOHCYJIbTAI[UH.

Ceprudukanus Ilkados buonormueckorr besonacnoctn (IIIBB) ocymecTBisieTcs
COI'JIaCHO MCXKAYHApPOJAHBIM CTaHAAPTaM.

v BerepuHapHbIE TECT-CHCTEMbI

OpHO U3 TTIaBHBIX HANIPaBIICHUH Hallleil KOMIIAHUH SBIISETCS TOCTaBKa BETEPHUHAPHBIX
TECT-CUCTEM OT BeAyLIUMX MUPOBbIX MpousBoauteneit [1IP-auarnoctuku u UOA:
Svanova (IlBenust), BioNote (FOxxnas Kopest), Tetracore (CILIA), Ingenaza (Mcnanus),
Intron Bytechnology (FOxnas Kopes), UnTepJIabCepuc (PI'YH « [ UTHUN
snuaeMuonorun» Pocnotpebnanzopa, P®), Prionics (Hunepnanasi) u ap.
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v’ TlocTaBKa JIaGOPATOPHBIX ;KMBOTHBIX

Mpsl paboraeM ¢ Jy4YIIMMH aMEPUKAHCKHUMH W EBPONEHCKMMHU MUTOMHHKAMH, TIOCTaBJIsEM
7a00paTOPHBIX JKUBOTHBIX (ayTOpeaHBIX, MHOPEIHBIX, THOPUAHBIX, MYTAHTHBIX, KOHTCHHBIX W
TPAHCTEHHBIX JKUBOTHBIX ).

TOO «buoXum Ilpudop» uMeeT ciaeayroniue JUIEH3NN:

JIuteH3us Ha 3aHATHE JEATENBHOCTH B 00JIACTH BETEpUHAPUU
Jlunien3us Ha 3aHATHE (PapMaIeBTHICCKON ACSITETLHOCTHIO
JIuueH3us Ha 3aHATHE PEMOHTOM CPEICTB U3MEPEHUI
JIuneHsus Ha 060POT U XpaHEHHE MTPEKYPCOPOB

JIuneHsus Ha 060POT U XpaHEHUE SI0B

M1 paabl BUACTDH Bac Cp€an HalIMX KIMCHTOB U MApPpTHCPOB.

Hammu koopaunarsi: Kazaxcran,
r. Anmarsl, yia. Makaraesa, 34

Anpec i nucem:

050002. r. Anmarsl, yi. Makaraesa, 34
Bpewmst pabotsr:

Ma — IIT, ¢ 09.00 o 18.00

Ilepepri 13-00 no 14-00
Tenedon/dakc:

+ 7 (727) 397-75-01 (-02, -04)

e-mail: biohimpribor@mail.ru
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Cff‘ THE LIFE SCIENCE
SkyGen  TRADE & SERVICES COMPANY

Mol noctasnaem obopysoBaHue,

peareHTbl U pacxoaHble matepuanbl 4nA
MCCNeA0BaTENbCKUX U BUOTEXHONOMMYECKUX
nabopaTtopuit 1 NPOM3BOACTB.

Mbl HaxoauMm, pa3pabaTbiBaem U BHegpPAEM
BbICOKOTEXHONOTMYHbIE PELLEHUA B
reHeTUKe U reHoMuKe.

Hawa uenb — ycnex nccneposaHmii HalMx
nokynartenem.

HALUA CTPATEINMA - MONEKYNAPHDBIE PELLEHUA «NO 4 KNHOY»
OT NOCTAHOBKU 3A4AYU A0 UHTEPNPETALWUW AAHHBIX

B/IMKE K KA AOMY!

Bonee 3000 nabopatopuit paboTaloT ¢ Hamu.

[loBepAloT u peKomeHAYIoT.

Tepputopusa Poccua u ctpaHbl CHI

UccnhepoBaTtenbckue nabopaTtopum
AKkagemuu Hayk
MuHKcTepcTBa 34paBOOXpaHEHMA
KpumuHanuctukm & cyaebHoi meanumnHbl
®apm npoussoacTe & buorexa

BeTtepuHapHble nabopatopuu

NabopaTtopum nuuiesoit 6esonacHoCcTH

e P @

5 MPUYUH BbIEPATb SKYGEN
[ocTyn K BbICOKOKAYeCTBEHHOW NPOAYKLUM
BbiCTpas NOrMCTUKA U CKAAACKan Nporpamma
Yao6HOe U B3aMMOBbIFrOAHOE COTPYAHUYECTBO
BbicOKOKBaNMOULMPOBAHHAA NOAAEPKKA
Mbl ycTaHaB/iMBaeMm afieKBaTHbIe LeHbl
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HALUW KOMMNETEHLUU

®APMALEBTUYECKOE NPOU3BOACTBO

Esponelickan ¢apmakonea n ¢apmakonea CLUA
CtaHgapTbl 6Mof06aBOK M NULLEBBIX MHIPEAUEHTOB
Hu3KoMONeKynApHbie U opraHu4eckne peakTussl

A

FTEHHAA UHXEHEPUA BMOTEXHOJ/IOTMYECKOE
NPOU3BOACTBO
KnoHupoeaHue w
CRISPR/Cas9 Tammbl U cpegbl
XUM. peakTuebl
CUHTE3 OIMIrOHYKNe0THA0B
U reHoB MoBepKa cucTeM 4,03UPOBaHMUA
MONEKYNAPHAA TEHETUKA — - BETEPUHAPHAA
U UUTOTEHETUKA = AUWATHOCTUKA
MUP, FISH aHanms, 6uounnsi SKquﬂ AsTomaTuzauma UGA
AHann3 oAMHOYHbBIX KNETOK Monekynapho Mpocto O6opyagosauue ana MUP
nra TecT-cuctembl
NGS 4—J KPUMMUHAZIUCTUKA
AsTomaTtmsauma
npoﬁono,qrol-'#oskn SKkcTpakumna AHK n3 ob6bekTos
PeareHTbl ANA CO30aHMA ABTOMaTM3aumMa aHanM3a
6rubanoTek KanunnapHoe cekBeHMpoBaHue
CekseHaTopbl NGS 1
6ruonHpopmaTuKa v
NMPOTEOMMUKA

BoigeneHue benkos
Macc-cnekTpomeTpuAa
XpomaTtorpadua

204



-
SkyGen

THE LIFE SCIENCE
TRADE & SERVICES COMPANY

PlantGen 2017, May 29 — June 02, 2017, Almaty, Kazakhstan

Bronze Sponsors

KAPTA PELLEHUA

BOKcCbI, WelKepsl,
TepmMocTaThl,
ueHTpuoyru, Biosan

fomoreHusaTop
Tissuelyser I, QIAGEN

fomoreHusaTop
Tissuelyser LT,
QIAGEN

NPOU3BOAUTENBHOCTb (KOIMYECTBO OBPA3LLOB / 3ANYCK)

fomoreHusatop
TissueRuptor, QIAGEN

Pearentbl QIAGEN

PeareHTtbl MN

PeareHTbl NEB

QlAcube, QIAGEN

Nimbus gnn
npobonoAroToBKK
NGS, Hamilton

MNepcoHanbHble
po6oTel Opentrons

CraHuua gna UOA
Crocodile, Titertek-
Berthold

PackansbiBatowas
cTtaHuua PIRO,
Dornier-LTF

Knaccuueckui
amnanduraTop
SureCycler 8800
(96/384), Agilent

6-KaHaNbHbIA
real-time
amnaundukatop
AriaMx (96), Agilent

4-KaHanbHbIA
real-time
amnavdukaTop ¢
HRM Mic (48), BMS

‘ MPOLIECC ,‘

NpobonoarotToeka

BoigeneHue HYKNeMHOBbIX
Kucnort
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ToxScreener,
Bruker

-

MALDI Biotyper,
Bruker

P
. 4

CkaHep 6buoymnos
SureScan, Agilent

w
KREATECH
Ah

OHK-30HAbI ana

AMArHoCTUKM,
Kreatech

SureFISH

OHK-30HAbI
SureFish, Agilent

-
=

Cuctema 4200
TapeStation (96),
Agilent

CnekTpodoTomeTp
QlAxpert (16),
QIAGEN

buoaHanusartop
2100 (12), Agilent

CekBeHaTop NGS
GeneReader,
QIAGEN

O6oraweHue ana NGS,
Agilent

Labs

PeareHTbl AnA
npobonoaroToBKM
NGS gna illumina m
ThermoFisher

KanunnapHolii
cekBeHaTop
HAHO®OP-05, CuHTON

PeareHTbl gnAa

. CeKBEHaTOpOB
microflex LT/SH, Mpamble, ABI, Nimagen
Bruker WHBEPTMPOBAHHbIE mewe & EdgeBio

“ CbﬂYOpECU.eHT[*bIE CnektpodoTomeTp R
mukpockonsl, Nikon Colibri (1), Titertek- P
Berthold
I
Macc- LUuTtoreHeTuyeckuii KoHTponb KavyecTsa CekBeHUpOBaHue
CNeKTpOMETpHUA dHanus3
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MEDILAND

FouibiMu — Ouaipictik  ¢gupmacsel «MeandHI
HayyHo — npousBoacrBeHHass ¢upma «MeauwmdHI»

FOpuouueckuii aopec: 050061, 2. Anmamut, yn. Tawxenmckasn 4174,
Tloumoswui adpec: 050061, 2. Anmamul, np. Pativimoexa 417A4
Ten.: 8 (727) 222-00-55 (MHOTOKaHAIBHBIN);
@akc: 8 (727) 222-00-56;
E-mail: mail@mediland.kz

TOO «HII® MegumdHa» ABISETCS YacTHOM KAa3axCTAaHCKOM KOMITAHHEW C
nuciokanmue B T. Asnmartel. Komnanus opranu3oBaHa B 1993 rogy u  wumeer
CHEIUAIM3AINI0 B 00JIACTH TIOCTABOK CJIOKHOW MEAWIIMHCKOW U JIa0OpAaTOPHON TEXHUKH, a
TAaK)K€ pACXOAHBIX MaTepuajoB i MNPUOOPOB KIMHUYECKOW M (PYHKIIMOHAJIHHOU
JTMArHOCTUKY U TIOCTIEAYIOIIee X CEPBUCHOE OOCITyKUBAHUE.

SABnsisick oduUIUATBHBIM TUCTPUOBLIOTOPOM Ha Tepputopun KazaxcraHa Takux BeIyIIHX
MHPOBBIX TpousBoAuTeNeH, kak «Sigmay (I'epmanus), «Systec» (I'epmanus), «Memmerty
(I'epmanust), «Heidolph» (I'epmanus), «GFL» (I'epmanus), «Brand» (I'epmanus), «Kern»
(I'epmanus), «Bandeliny (I'epmanus), «Siemens» (I'epmanust), «Nabertherm» (I'epmanust),
«Martin Christy  (I'epmanusi), «Sartorius» (I'epmanus), «Arctiko» ([anus), «Kojairy
(Ounnsaugus), © MHOTUX JPYruMX, Mbl 3aHUMaeMcs noctraBkoil B PK menunmHckoro u
1abopaTopHOro O00OpPYMOBaHUS ISl OCHAIIEHUS MEIUIIMHCKUX M HAY4YHBIX JabopaTtopwii,
PacXOIHBIX JIA0OPATOPHBIX MATEPHAJIOB M XUM. peareHToB. Bce crenuanucTsl KOMIaHUU
PEryJIIpHO MPOXOAAT 00yUYEHHE U MOBBIIIAIOT CBOIO KBATM(DHUKALIUIO HA 3aBOAAX KOMIIAHUMN-
IPOU3BOJIUTENEH U UMEIOT COOTBETCTBYIOIINE CEPTUPUKATHI.

MpbI MeeM MOCTOSTHHO JEHUCTBYIOIIMM CKIIaJl paCXOAHBIX MAaTEPUAJIOB U PEAreHTOB IS
mpeajiaraeMoro Hamu Jiaboparopaoro ooopynoBanusi. C 1996 r. Haimia KOMITaHUS YCIIEIITHO
y4acTByeT B TeHJAEpax MO 3aKylKe MEAMIMHCKOro, J1adopaTOpHOro O0OpYyHOBaHUSA H
pacxoiHbIX MatepuanoB. Mbl obecrieunBaeM O€CIIaTHOE CEPBUCHOE OOCIY)KHMBaHUE B
mpeaenax TapaHTHHHOTO CpPOKa W TOCIEAYIOIIee IMOCTTapaHTHIHOE OO0CITyKMBaHHE Ha
MOCTaBJICHHOE HaMu O0OpyJOBaHUE, OOyUYEHHME CIELUAMCTOB OpraHU3aluii-3aKa3uuKoB
METOJIMKaM paboThl Ha MPUOOpaX M KOHCYJIbTAMOHHYIO MOJACPKKY MO MOCTaBISIEMOMY
HaMU O00OPYJIOBaHUIO B PA3NIMUYHBIX 00JIacTAX MpuMeHeHus. Kpome Toro, Hamu co3jiaHa
pa3BeTBIICHHAsl CE€Th JUIEpOoB MO Bcemy KazaxcraHy, CBOEBPEMEHHO pEalM3YIOLIUX
MOCTaBIIIEMYIO0 HAaMU MPOAYKINIO. B HacTosIee BpeMsl TaT KOMIIAHUU COCTaBJsieT OoJiee
70 COTpyAHMKOB, M3 HHUX 3 KaHAMIAThl Ouonormueckux Hayk, 10 wmaructpoB, 5
CHEIUAIMCTOB M0  NPOAYKIMH, HMCIOMMX  MEIUIMHCKOEe,  (apMarieBTUIECKOE,
OmoJIoru4ecKkoe, XMMUYECKOe Bhiciiee oOpa3oBanue, 9 ceppuc-umxeHepo. C 2000 roma
00beM mpojax BeIpoc B 8 pa3 u coctaBua B 2007 rogy 6osee 1,7 Muwumuapaa TeHTe.

B uyuncne Hamumx KIMEHTOB KpPYNHEWIIME MEIUWLUUHCKAE M HayyHbIE LEHTPHI
Pecnyonuku: Menuuunckuii Lientp Ynpasnenus aenamu [Ipesnnenta PK, Hayunslii nenTp
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xupyprun uM. A. H. CemranmoBa, HUW VYpomorun wum. JxapOyceiHoBa, HWU
Kapnuonoruu u BHyTpeHHUX Oose3Hel, lleHTpanbHbIil BOCHHBIN KJIMHUYECKUN TOCITUTAb,
Hayunsriit [lentp AkymepctBa, I'nnekonoruun u Ilepunaranorun, Pecyonukanckuit HU
[Ipobnem TybGepkyneza, HHNUN KoxHo-BeHepomorudeckux 3aboneBanuii, HWHCTUTYT
rnasHeix Oomnesneit, Mucturyr Monexkynspuoit buonorun u buoxummu AH-MH PK,
Nuctutyt O6weit I'enetnku u Lutonorun PK, Pecniybnukanckas COC, PecnyOnukaHckuii
Lentp CIIn A, Pecrybnukanckuit Ientp Kpogu, Hayunslii Lentp
[IporuBoundexkumronnsix npenaparos, Hayunsiii Llentp [lequarpuu u Jlerckoit Xupyprum,
HUUN Tpaemaronorun u Opronenuu M MHorue apyrue. Hamm ocHaieHsl naboparopuu
O6nactHoro JluarHoctuueckoro Ilentpa B r.IlaBmomape, mabGopaTopuul CTPOSIIUXCS
o0bexToB Meaununckoro Kmacrepa B r.Acrana. B tekyiem roxy Mbl 3aBepILIMIN IPOESKTHI
OCHAILICHUSI «IIOJI KIIOW» OakTepuonoruueckor madoparopun Menurmackoro Llentpa
VYnpasnenus nenamu IIpesunenta PK u naboparoprn Hayunoro Llentpa )KuBoTHOBOACTBA U
Berepunapumu.

B xauectBe kxoncympranta TOO «HII® Menumsuay npuBiekaloch K pa3paboTke
rocyaapctBeHHol  [Iporpammbl  «310poBbE€  HapoAa», YYacTBYeT B TEXHUYECKOM
obecnieuenun nporpamm «lIpegynpexxnenue 3aboneBaHui, IEpPEIaBAEMbIX IOJOBBIM
nytem» u «TyOepkymes3».

Mbl BUIUM CBOEW IICNIbI0 BHEIPEHHE WHHOBAIMOHHBIX TEXHOJOTUH B 00JacTH
MEIUIMHBI U UCCIIEA0BATEIBCKOIO 000PY10BaHUS, IPEIOCTABIISISL B PACTIOPSHKEHUE HALLIUX
KJIMEHTOB IOCJIE€IHUE TEXHUYeCKHue pa3paboTKu Hapsjay ¢ npubopamu, — yxe
3apEKOMEHIOBABIIUMHU C€0sI M TPOBEPEHHBIMU OOLIMPHON NPAKTUKON MOJIB30BATENCH.
VYuutsiBass BC€ BO3pacTalOUIMii HMHTEpeC M OOJbIIOE MPOTrPECCUBHOE 3HAUYECHHE
UCCJICIOBAaHUN CTBOJIOBBIX KIIETOK M ITyIIOBUHHOM KpPOBH, MBI IIPEICTaBISAEM IIOJIHOE
anmnapaTHoe oOecrieueHue s paboThl Jjaboparopuil Ha 3Tamax MOJy4YeHHUs HpoOBI,
BBIJICIICHUS, TUNUPOBAHUS W  CTAaHAAPTH3alMK O0pa3loB B COOTBETCTBUU C
MEXAYHapOIHBIMU TPEOOBAHUSIMH, a TAK)KE UX JIOJITOCPOYHOI'O XPaHEHUS.

Ms1  ocyuiecTBiIsieEM KOHCYJIbTUPOBAaHME HaIIero KIMEHTa OT JTama BbIOOpa
000pyI0BaHUSI C MAaKCUMaJIbHBIM YUETOM €ro 1LeJIeH, 3aau U 3apocoB, 10 MOCIEPOJaKHOM
MH(POPMALIMOHHON MOJIEP’KKU B BUJIE:

e  OpraHu3ali M TMPOBEACHUS Y4YEOHBIX CEMHUHApOB U HAyYHO-TIPAKTUYECKUX
KOH(EepEeHIINH;

®  TMOAJEP)KKE ydYacTusl IOJb30BaTelel, B MEXIYHApOJHBIX IMporpaMmax (Gpupm-
MIPOU3BOIUTENIEH NPEIaraeMoro HaMu 00OpyAOBaHMS;

®  OKa3aHMWsd  KOHCYJIbTATMBHO-METOAMYECKOM M IPAKTUYECKOM  IOMOIIH
N0JIb30BATENSIM 000y IOBAHMUS;

e  peryisipHOro HMHGOPMHUPOBAHUS O HOBHHKAaX B METOJMKAX, TEXHOJIOTHAX U
000pyIOBaHUH IJIs TPOBECHHUS YUEHBIMH HAY4IHO-HCCIIEA0BATEILCKIX paloT.

W BO BpeMsi M MOCiE€ UCTEYEHUs] TapaHTHUMHOIO CpPOKa JKCIUIyaTalluM IIPeIaracMbIX
HaMu MpUOOPOB cepTUHULMPOBAHHBIC CIIELUATIMCTHI HAIlIeH CEPBUCHOM CITy>KObI CIIENatoT BCE
BO3MOKHOE JIJIsI TOTO, YTOOBI HAIlM 3aKa3uMKH MOIJIM paboOTaTh Ha TOCTABIEHHOM HaMH
000pyI0BaHUM ¢ MAKCUMAIBbHOUN 3((EKTUBHOCTHIO.

Hameit cepBucHO# Ciy)00l OCYIIECTBIAIOTCA KOHCYJIBTAIMM MO TeIePOHY HWIIH
OIlIEpaTUBHBIN BBIC3] CIIELMAINACTA Ul CPOYHOI'O BBIABICHUS U YCTPAHEHUS! HEUCIPABHOCTU
npruOOPOB, a TaKKe TapaHTUHHOE M MOCIErapaHTUHHOE 00CTy)KMBAaHHE TIOCTABIEHHOTO HAMH
000pyI0BaHUs 1O JOTOBOPY C 3aKa34UKOM.
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TOO «NURMEDINVEST» kommepueckass kommnaHus, ocHoBaHHast B 2009 r. 3a ronsl
CTaOMJIBHOTO pOCTa KOMMaHMs NpuoOpesa OMNbIT B OOJIACTH OCHAIICHUS MEIULIMHCKHX
yupexxaennii Pecrryonuku Kaszaxcran. 3a 370 Bpems y Hac CIOXHUIUCH HMPOYHBIE J1€TOBbIC
CBSA3M C OTEYECTBEHHBIMU M 3apyOEKHBIMH MPOU3BOJAUTEISIMU MEIULUHCKON TEXHUKH,
PACXOIHBIX MAaTEPUAJIOB U U3JEIUN MEIUIMHCKOTO Ha3HAYCHHS.

O pesynpraTax Hameil pabOThl CBUIETEIBCTBYIOT IOJIOKUTEIbHBIE OT3BIBBI KIMEHTOB,
JUIIOMBI MEXXTyHapOIHBIX, POCCUHCKUX BBICTABOK M KoH(pepeHuwmii. Hama nunepckas cetb
OXBaThIBaET BCIO Teppuroputo PecryOnnku Kazaxcran.

Mg1 HaxoaAuM i1 HAIUX KIWMCHTOB OITUMAJIBHOC PCIICHUC TIIOCTABJICHHBIX 3adad U
obecrnieynBaeM TCXHUYCCKYTIO IIOAJACPIKKY. KOHCTpYKTI/IBHOC A0JIT'OCPOYHOC COTPYAHNYCCTBO U
JAOBCPUTCIILHBIC OTHOUICHUS C IMaPTHCPpAMHU JJI HAC BAKHEC CI/IIOMPIHYTHOfl BBIT'OABI.

Hama xomnanus npeniaraet IMUPOKUA BbHIOOP MPOLYKIUH, BKIIOYAIOUINI KauyeCTBEHHBIN
1a00paTOPHBIN PAaCXOAHBIM MaTepuall, MEIULMHCKUE NIepUaTKu, HEHTPU(PYTH, TEPMOCTATHI,
IUTACTUKOBYIO U CTEKJISIHHYIO TIOCY Ty JUIsl 1TabopaTopuit.

Mgl siBIISIeMCsI 9KCKITIO3UBHBIM IIPEACTaBUTENeM Ha Tepputopun Pecny6muku Kazaxcran:

HangzhouRollmedCo., Ltd (KuTaii) — KuTaiickasskoMnaHusi, OJIHa U3
caMbIX TPO(HEeCCUOHANTBHBIX MOCTABITUKOB JTa00PATOPHOM, TUATHOCTHUECKOH,
MEJIUIIMHCKON U CTOMATOJIOTMYECKON MpoayKinu. 3aBoj Haxoautes B [Iposuniiuu L[3sny.
Taxk xe umeetcs comectHoe npeanpusiTue B [Iposuniun Yxoan3zsaa. [Ipunmn paGoTs
KOMITAaHUH — 00eCIiedeHUE KIIMEHTOB KaUeCTBEHHON 1 JOCTYITHON MPOTYyKITUCH.

VY nac Bel MmoxeTte mpuobpecTu ToBap, npousBeAeHHbIN koMmnanueit HangzhouRollmedCo.,
Ltd (Kuraii): HaKOHEYHUKH AJ1 J03aTOPOB; LEHTPUDPYKHBIE TPOOUPKHU; KPUOTPOOUPKH;
IITaTUBBI JUI TpoOHpok; nuneTku [lactepa; npeaMeTHbIe U TOKPOBHBIE CTEKJIA; TAMIIOHBI
co cpenamu Amies, CaryBlair, Stuart, ¢ yriaem u 6e3 yriist; TaMInoHsl 63 Cpeabl;
KOHTEHHEepH!I AJ1s1 OMOJIOrMYECKOr0 MaTepraa; CTOMaToJIOTHUeCcKue canderky;
HaKOHEYHHKH JIJIs1 CIFOHOOTCOCOB; CIIMPTOBBIE CaI(PETKH; MAKETHI ISl CTEPUIIN3ALINY;
0axwWibl; MACKH; IIANIOYKH, BAHUJIOBBIE IEPYATKH.

MercatorMedical (Thailand) Ltd—npou3BoauTens MEIUIMHCKUX AUATHOCTUYECKUX U

MERCATORMEDICAL XUPYpPru4eCcKUX II€PYATOK, IIOCTABIIUK MEIUIINHCKUX PACXOIHBIX
Protecting. marepuanos. Umerorcsa ¢pummans! B [lonbire, LleHTpansHOl 1

Bocrounoit EBpore, a Tak ke u B Poccuun, mo3toMmy npoayKuust JOCTYIIHA [0 BCEMY MHUPY.
JleBu3 komnannn: «KadecTBO M OTBETCTBEHHOCTD - KJIFOUEBBIE (PAKTOPHI JIJIs1 HAC BO BCEX
00JacTsIX».

HpeI[CTaBJ'ISIeM CIcayromue BUAbI MCAUITUHCKUX IICPIYATOK!

Ilepuatku nuarHoctuyeckue nitrylex® PF, HuTpuiioBeie, HECTEPUIIbHBIE, HEOIY IPEHHbBIE
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[lepuarku nuarnoctuueckue dermaGEL®, narekcHble, TEKCTypUpPOBaHHBIE, C BHYTPEHHUM
CUHTETUYECKUM IOKPBITUEM, HECTEPWIbHBIE, HEOITY APECHHBIE

Ilepuarku nuarHoctryeckre santex®, JIaTeKCHbIE, HECTEPUIIbHBIC, OITYAPEHHBIE

Taxxe Mbl COTPYJHUYAEM C POCCUMCKUMHU KOMIIAHUSMMU:

9 WnTepfla6Cepauc 000 «WHTepiiacepBuc» ABJISIETCS ouIHaTEHBIM
TucTpuObtoTOpoM  HabOpoB peareHToB st [II[P-muarHocTHKM  TOProBOW  MapKu
AvmmCeHe, a Takke MNPOAYKIMH psAga BeAyIIMX MPOU3BOAUTENEH 1a00paTOpPHOTO
o0opynoBanusi, peareHToB U J1aboparopHoro miactuka (QIAGEN, Illumina, Axygen, Xiril,
SPM, BeckmanCoulter u np.)

Kommanus  HITO «IIpubop» (Poccusi) ocHoBana B 1990r. kak CTpyKTypHOE

nojpaszaenenue Bcecoro3Holl Accoluanuy  CHEIUAIUCTOB IO OXpaHe

Tpyaa (ITocranoBnenue Cosera Munuctpos CCCP u BIICIIC

nexabpp 1989 r.)  Ilo TexHudyeckoMy  3aJaHHIO,  COTJIACOBAHHOMY

¢ MunzapaBom, MuHdsHEepro u ATpoXuMoM, BIIEpBBIE pa3padboTaso

HMO Mpu6op  yHMBEpCANbHBIA Tra30aHAIMU3ATOP MJII ABTOMATHYECKOTO HEMPEPHIBHOTO

kouTponsi 'AHK-4 na 6aze cmenHbix xumkaccer. B 1998 r., mpu mopabGotke mpubdopa

Ui opOuTanbHOM Kocmuuecko craHuuu «MUP», ero QyHKmuu ObUIM CYyUIECTBEHHO

pacmvpenbl. bBbITM  BCTPOEHBI JNAaTYMKW € PA3NIMYHBIMM  (PU3UYECKUMU TMPUHIUIAMU

neiictBusa. B pesynbprare npubop cTanm KOHTPOJUPOBATH HE TOJIBKO HEOPraHUYECKUE,
HO U OPTaHWYECKHE BEIIECTBA, a TaKKe HU3(PaKTOpHI.

STKPBITOE AKLMOHEPHOE CBILECTRO
@CMﬂﬂEchue CKTBb cnyOCHOBaHHOC B 1993 romy, mupemmpustae OAO

«Cmogenckoe CKTB CIIY» Benaér ycnemmHywo [IeATeIbHOCTh IO pa3padoTKe W
MPOU3BOJICTBY TEPMOCTATHUECKOrO0 OOOpYyJAOBaHHUS — JA0OPATOPHON © MEAMIIMHCKOU
TEXHUKH JUIsI OCHAIEHUS MEIULUHBI, HAay4YHO-UCCIIEIOBATEIbCKUX, AHAIUTUYECKUX,
UCHBITATENIHBIX U TMPOU3BOJCTBEHHBIX JIA0OpATOpHA MPEANPHUATHI JETKOM U TSKETOM
MPOMBIIIIEHHOCTH, CTPOUTEIBHBIX MPEANPUATUN U OpraHU3aluii MyHULUIAIbHOU chepsl,
y4eOHbIX yupexaeHui, HUN

Breimyckaemoe OAO «Cwmonenckoe CKTB CITY» oGopynoBanue mpeIHa3HAYEHO JUIs
BBITMIOJTHEHUSI J1a00pAaTOPHO-aHATUTHYECKUX PabOT, MPOBEACHUS OAKTEPUOJIOTHYECKUX H
CEpOJIOTMYECKUX HCCIEAOBAHUM, CTEPWIM3AIMM, CYUIKA W XPaHEHUS MEIULHUHCKOIO
MHCTPYMEHTA, MCHBITAHUNA KauecTB MUINEBBIX MPOIYKTOB, TEPMHUYECKOW 00pabOTKU
Pa3IUYHbIX MATEPUAIIOB.

D AQ «MOM»

i E Matogennpuce Ofopynoeanen U NMputiop.

3A0 «JIaGopaTopHoe OboopyaoBanue u Ilpudopbi» —
MIPOU3BOJICTBEHHO-KOMMEpPUECKasi KOMIaHusl, ocHOBaHHas B 1996 r. ogHa
13 BeyIINX KOMIIAHUH, pabOTaIMUX B 007JaCTH KOMIUIEKCHOTO OCHAIIIEHHUS J1ab0opaTopHii.
CoOcTBEHHOE MPOU3BOJICTBO JTA0OPAaTOPHOUM Mebenu, 00111e1a00paToOpHOTO 000PYI0BAHMS,
CHEIUATU3UPOBAHHBIX TPUOOPOB sl aHANIM3a HE(PTENPOAYKTOB, TIO3BOJIUIIO CTaTh
JTUACPOM CPEId POCCUNUCKUX TIPOU3BOIUTENECH JTaO0OpaTOPHOM POy KIIUH.

CBsKUTECH C HAIIMMHU CTICIIUATMCTaMU — MBI pa00TaeM IO BaIllMM 3alpocaM U JeIaeM BCe
JUIst Haru0oJiee MOJIHOTO YIOBJIETBOPEHUS OTPEOHOCTEN HAIIUX 3aKa3YHKOB.

r. Aamarsl, yia. YmoOeroaesa 190, 050057, Tesa: 266-20-94
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