ISSN: 2312-3370, Agricultural Science and Practice, 2017, Vol. 4, No. 3

UDC 620.92

MISCANTHUS: GENETIC DIVERSITY AND A METHOD
OF PLOIDY VARIABILITY IDENTIFICATION USING
FLUORESCENT CYTOPHOTOMETRY

N. S. Kovalchuk, M. V. Roik

Institute of Bioenergy Crops and Sugar Beets NAAS
25, Clinichna Str., Kyiv, Ukraine, 03110

e-mail: natalakovalcuk461@gmail.com, sugarbeet@ukr.net
Received on November 01, 2017

Aim. Due to the introduction of the Miscanthus species, attributed to the European gene pool, in Ukraine, it is
necessary to develop methods for the determination of genome ploidy and adjust them to the foreign methods
in order to ensure high purity of the planting material, to study genetic diversity, to produce new polyploid lines
and select alternative Miscanthus x giganteus clones (3x). Methods. Cytological, biotechnological, fluores-
cence cytophotometry, field, laboratory. Results. Domestic diploid millet (Panicum) variety of Veselopodilska
Research Breeding Station and grain sorghum (Sorghum) variety Dniprovsky, whose number of chromosomes
was previously investigated, served as standard genotypes for the ploidy identification with Partec ploidy
analyser (Germany). Using the technique, various species of miscanthus, namely Miscanthus x giganteus
(3x), Miscanthus sinensis (2x), and Miscanthus sacchariflorus (2x) were selected and multiplied by clones.
The heterogeneity of the Miscanthus % giganteus (3x) population of the two ecotypes was determined based
on the level of genome ploidy in the vegetative reproduction of rhizomes which originated from Poland and
Austria. Conclusions. Due to the complexity of cytological research, the need to involve the representatives of
the Miscanthus genus in the development of bioenergy in Ukraine, and to differentiate them both in vivo and in
vitro conditions to assimilate the European gene pool, a new methodology for identification of plant material
of different miscanthus species using the method of fluorescence cytophotometry is presented. The ploidy of
commercial foreign samples of miscanthus, introduced in the network of research and breeding stations of the
Institute of Bioenergy Crops and Sugar Beets of NAAS, was identified.
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INTRODUCTION

A distinguished feature of potential varieties of bio-
energetic crops is efficient transformation of free solar
energy into the industrial biomass with minimal nega-
tive impact on environment [1]. It is due to high yield
and absence of unfavorable factors for ecology, that
such energy cereal grasses as Miscanthus genus rep-
resentatives are a relevant energy crop for production
[2]. Due to C4 type photosynthesis, carbon fixation oc-
curs much faster in these plants. The use of nutrients,
water, solar radiation is more efficient in these plants,
compared to others [3]. According to the researchers of
bioenergy crops, all these physiological features affect
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the adaptation to different soil and climatic conditions
of Ukraine [4].

Until recently, the main criteria of taxonomy for Mis-
canthus Anderss. genus have changed a lot. Most sci-
entists refer it to Poaceae genus [5], including about
12 varieties, the most valuable ones for biomass pro-
duction being Miscanthus sacchariflorus, Miscanthus
sinensis, Miscanthus * giganteus and Miscanthus
floridulus [6]. In Europe, the cultivation of the varieties
of Miscanthus genus is mainly concentrated on grow-
ing M. x giganteus of tropic and subtropic origin [6,
71. Miscanthus * giganteus (2n = 3x = 57) is an inter-
species hybrid, obtained from natural hybridization of
the diploid species Miscanthus sinensis (2n = 2x = 38)
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and tetraploid Miscanthus sacchariflorus (2n = 4x =
= 76) [8]. High biomass performance of the obtained
allotriploid is determined by heterosis effect and the
combination of three genomes, which occurs in hy-
brid combinations. As a result, the sterile Miscanthus
x giganteus (3x = 57) is reproduced only in the veg-
etative way — via rhizomes, rootlets or in vitro culture
[9, 10]. The specificity of its reproduction affects the
risk of its leaving the ecosystem and leads to extremely
limited genetic diversity and the need for breeding of
clones, adapted to new natural and climatic conditions
[11]. It should be noted that Miscanthus % giganteus
(3x) was isolated from natural populations of Japan; it
has a considerable potential as an alternative source of
energy. The first clone of Miscanthus % giganteus was
imported from Japan to Denmark in 1935 as a decora-
tive plant, and later — to North America for clonal repro-
duction and use for commercial purposes [6]. The natu-
ral populations of tetraploid Miscanthus sacchariflorus
(4x) and diploid Miscanthus sinensis (2x) were studied
in southern Japan and the ploidy of the obtained sam-
ples of seeds was identified [12]. The triploid shoots,
collected on the plants of Miscanthus sacchariflorus
(4x), were isolated by the method of flow fluorescence
cytophotometry. In the opinion of scientists, studying
wild species of Miscanthus genus, it is quite possible
that triploid plants, collected in Kushima, may have
resulted from the hybridization between (4x) Miscan-
thus sacchariflorus and (2x) Miscanthus sinensis, or
due to the self-compatibility of (4x) Miscanthus sac-
chariflorus, via the fertilization of a 2x egg with 1x pol-
len [12]. The cultivation of genetically homogeneous
clones requires the study on the risk of resistance to
diseases and to cold [7, 13]. A current task is to expand
the genetic database of Miscanthus *x giganteus (3x)
via the development of hybrids of wild paternal forms
of Miscanthus sacchariflorus and Miscanthus sinensis.
New clones may serve as a source of genetic variabil-
ity, resistance to new diseases, identified for clone Mis-
canthus * giganteus [14].

According to the scientific literature, two or three
identical clones are grown in the global bioenergy in-
dustry, but the researchers believe that there is an enor-
mous probability of the fact that wide-scale production
of miscanthus for biomass in Europe is based on the use
of one clone only [6]. A similar situation is observed in
North America, where the cultivated genotypes of Mis-
canthus x giganteus were obtained using vegetative re-
production from one clone of European origin [14]. Us-
ing DNA technologies, Greef et al. applied the AFLP
method to select 31 sample of Miscanthus % gigan-
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teus, 11 clones of Miscanthus sinensis and 2 clones
of Miscanthus sacchariflorus, suitable for cultivation
in botanic gardens and plant beds of Central Europe
[15]. The researchers in the fields of botany and taxo-
nomy believe that the genotype pool of Miscanthus *
giganteus is remarkable for low diversity, they man-
aged to identify only three samples using molecular
and genetic markers [6]. At the same time, the geno-
type pool of M. sinensis is noted for rather a wide
diversity. Genetic diversity of a species may be used
to create new polyploid lines and highly productive
clones.

Hodkinson T. R., Chase M. W. established using ISSR
molecular markers that the population of M. x gigan-
teus (11 taxons) did not have any variations, and insig-
nificant variations, found using AFLP markers, could
have been an error (Great Britain) [5]. On the contrary,
diploid samples of M. sinensis (50 taxons) have a high
level of deviations both by molecular-genetic markers
and by their ploidy. In another study, De Cesare et al.
(2010) confirmed that 14 out of 15 samples of M. x gi-
ganteus, collected in the botanic gardens of the Trinity
College (Dublin, Ireland) and Hohenheim University
(Germany), which were analyzed by six cpSSR marker
loci, belonged to one haplotype, whereas M. sinensis
and M. sacchariflorus demonstrated a high level of
polymorphism for some alleles [16]. As stated by Ma et
al., M. sinensis is a highly heterozygous species due to
its hybridization, and the capability of forming viable
seeds ensures the blossoming of components and com-
patibility by the homology of chromosomes in natural
populations [17].

In the 1970s, the variability of miscanthus by the ploi-
dy was observed by foreign researchers using the cyto-
logical analysis of metaphase chromosomes in natural
populations: from diploids — 38 chromosomes to hexa-
ploids — 114 chromosomes [18]. The level of ploidy for
the species of Miscanthus genus also changed from 2 to
6 according to Polish researchers [6]. As per the data of
Clifton-Brown, J., the basic ploidy of M. sinensis is 2x,
but there are common natural and artificial polyploids
(for instance, triploid M. sinensis Goliath) [19]. It was
established that in natural populations of China, Mis-
canthus sacchariflorus usually has a diploid form, con-
trary to Japan, but this variety has a whole number of
ploidy variants, including the hexaploid one. Tetra- and
pentaploids have already been obtained based on the
components of crossing M. x giganteus [19]. They are
the source of improving the variety of M. x giganteus
for biomass in new natural and climatic conditions.
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Due to unavailability of information about the origin
and ways of differentiating the representatives of Mis-
canthus genus of the European genepool in Ukraine,
except that by morphological features, and due to the
use of allotriploid M. x giganteus (3x) in bioenergy in-
dustry, the aim of scientific studies is to investigate ge-
netic diversity of varieties and their origin, to optimize
the method of differentiating the genome ploidy level,
and to harmonize it with the European ones to ensure
the purity of the planting material. The species of Mis-
canthus genus, identified by the ploidy level, will be
used to create polyploids and select new clones, alter-
native to M. x giganteus (3x). This work is generally
concentrated on three species of Miscanthus, used in
Europe for biomass production, namely M. x gigan-
teus, Miscanthus sacchariflorus and Miscanthus sinen-
sis. The following tasks arise from this aim:

* to optimize and introduce the method of fluorescent
cytophotometry and to adjust it to the European meth-
ods to identify the ploidy level for the genome of initial
materials;

* to identify in terms of ploidy and to reproduce in
in vitro conditions Miscanthus giganteus, Miscanthus
sacchariflorus and Miscanthus sinensis for the selec-
tion of new polyploid lines and development of mis-
canthus selection in Ukraine;

* to investigate the heterogeneity by the genome
ploidy level for the populations of M. x giganteus (3x),
which originated from Poland and Austria.

MATERIALS AND METHODS

Miscanthus % giganteus (3x), Miscanthus sinensis
(2x), Miscanthus sacchariflorus (4x), reproduced at
Yaltushkivska Research Breeding Station of the Insti-
tute of Bioenergy Crops and Sugar Beets (RSS IBC-
SB), were used as initial materials to master the method
of identifying the ploidy level of the genome as the
main taxonomic index of Miscanthus genus. The selec-
tion station was used to investigate their morphological
features, to determine the terms of blossoming, prob-
abilities of seed formation, specificities of growth and
development, and the formation of rhizomes in Ukrai-
nian conditions. The descriptions of different species
of Miscanthus, introduced at the Yaltushkivska RBS
IBCSB are as follows:

Miscanthus sacchariflorus ecotype I “Poland” —is a
tetraploid species and a component of crossing for the
triploid clone Miscanthus x giganteus (3x). This is a
species with a stem of 2.5 m which colonizes the soil
space quickly, forming solid plantations. The tetraploid
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level of the genome in the material was not confirmed
by the results of ploidy analysis, conducted using PA
Partec.

Miscanthus sinensis (2x = 38) — in 2016, during
the first vegetation years at the experimental field of
IBCSB, Chinese miscanthus formed the stems of 1.5 m
based on underground roots, obtained at Yaltushkivska
RBS.

Miscanthus x giganteus ecotype 2 “Austria” — gigan-
tic miscanthus; the plants of this species reach as high
as 3 m on the second year of vegetation in Ukrainian
conditions. This is natural allotriploid with 57 chromo-
somes.

First in Ukraine, Miscanthus giganteus as a new en-
ergy crop was obtained by the specialists of the labora-
tory of cultivation of bioenergy crops and sugar beet of
IBCSB at the beginning of the XXI century using the
collection samples of Poland. New initial material was
reproduced using rhizomes and underground roots by
the selection number of Miscanthus x giganteus (3x)
ecotype “Poland” with the components of Miscanthus
sacchariflorus ecotype I “Poland” and Miscanthus si-
nensis ecotype I “Poland”. A new ecotype of gigantic
miscanthus Miscanthus % giganteus ecotype 2 “Aus-
tria” was obtained in 2012. Two different ecotypes of
European origin were studied by us by the heteroge-
neity of populations of variability of planting mate-
rial (rhizomes) on the experimental fields of IBCSB
“Baranivka” and “Hradiv”. In 2015, the specialists of
Yaltushkivska RBS reproduced a new European clo-
ne — ecotype 3 Miscanthus giganteus “Great Britain”,
which was characterized by cold resistance.

The following collection samples of Yaltushkivska
RBS were used to master and introduce the method of
fluorescent cytophotometry and to identify the ploidy:

» Miscanthus x giganteus (ecotype 1 “Poland”, eco-
type 2 “Austria”, ecotype 3 “Great Britain”);

» Miscanthus sinensis ecotype 1 “Poland”;

» Miscanthus sacchariflorus ecotype 1 “Poland”;

» Miscanthus mearly “Germany”, Jelitto Company;
* Miscanthus latte “Germany”, Jelitto Company;

* Miscanthus sinensis new “Germany” ecotype 2,
Jelitto Company.

The selection of external standards and references by
nuclear DNA histograms involved the study of the fol-
lowing species by the number of chromosomes:

* a domestic diploid millet variety “Poliano” (2x = 18);

21



KOVALCHUK et al.

4l

L}

R T P T R T T )

Fig. 1. The selection of the control genotype by the quantitative content of nuclear DNA at Partec PA: a — sorghum shoots as
an object for ploidy determination; b — metaphase chromosomes of grain sorghum (2x = 20); ¢ — nuclear DNA histograms

of grain sorghum, Dniprovsky variety

* grain sorghum (2x = 20), Dniprovsky variety;

* Miscanthus sinensis (2x = 38).

The cytological analysis was conducted using the
method, modified by us (Pausheva Z.P., 1980) involv-
ing the staining of meristem cells and shoots with ace-
toorsein [20]. The number of chromosomes was defined
at the stage of mitosis metaphase. The apical meristems
of newly formed side roots and shoots of underground
branches (rhizomes) were analyzed with the chromo-
some decrease of 0.03 % using 8-orthooxyquinoline
and cold pre-treatment for 6—12 hours at 4 °C.

The selected samples of diploid sorghum (2x = 20),
Dniprovsky variety, were let sprout till the formation
of the first couple of actual leaves (Fig. 1, a, b, ¢). The

isolation of the standard genotype for the optimization
of the method and determination of the genome ploidy
level using the Partec ploidy analyzer was coordinated
and adjusted to previously published main indices of
polyploid species of miscanthus, obtained by Japanese
researchers Aya Nishiwaki, Aki Mizuguti et al. [12].

RESULTS AND DISCUSSION

The level of genome ploidy is one of the main taxo-
nomic indices of miscanthus. The cytological meth-
ods for diploid species of miscanthus of 2n = 2x = 38
chromosomes, triploid species of 2n = 3x = 57 chro-
mosomes and tetraploid forms of 2n = 4x = 76 chro-
mosomes are rather cost- and labor-consuming. New
methods of identifying the genome status of Miscan-

Table 1. The determination of optimal objects for miscanthus ploidy analysis using PA Partec by the variability coefficient

No Kinds Ploidy Objects . .COfefﬁcient
of miscanthus for analysis of variability, % (CV*)
1 Miscanthus species 2x vegetative shoots 5.06-6.00
leaves 8.08-16.33
generative shoots 2.55-3.07
in vitro 5.02-9.05
2 Miscanthus sacchariflorus 4x vegetative shoots 6.01-9.00
leaves 9.10-14.58
generative shoots 4.08-7.09
in vitro 1.1-6.88
3 Miscanthus x giganteus 3x rhizomes 8.60-13.73
leaves 9.00-12.48
generative shoots 5.99-7.08
in vitro 4.98-7.09

Note: CV* — coefficient of variability within the cells of the main DNA fraction in the histograms of PA Partec
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Fig. 2. The determination of ploidy for the representatives of Miscanthus genus: a — Miscanthus sinensis (2x = 38), in
conditions; b — nuclear DNA histogram for Miscanthus sacchariflorus with max DNA on channels of 150 un. and 300 un.;
¢ — Miscanthus sacchariflorus (2x = 38) of the first year of vegetation at the experimental field of IBCSB

thus genus species using the flow fluorescent cytopho-
tometry and computer programs of PA Partec are intro-
duced in different countries of the world and considered
to be rather promising. To have a reference in terms of
quantitative content of nuclear DNA for ploidy analy-
sis on PA Partec, the researchers of Miscanthus genus
use diploid plants of grain sorghum (Sorghum bicolor),
green pea (Pizum sativum) and Miscanthus sinensis,
previously defined by the number of chromosomes [7,
12, 13]. It was previously demonstrated using DNA-
technologies that the genome of sorghum is closer to
Miscanthus than to corn, rice and Brachypodium dis-
tachyon [6]. The species of Sorghum bicolor was first
successfully used as a reference for the mass of nuclear
DNA to study miscanthus in Japan [12]. The analysis
of genome ploidy level is crucial for the classification
of three main species of Miscanthus genus as well as
the development of selection of new highly productive
clones and purity of planting material.

Ploidy analyzer (PA) of Partec Company (Germany)
is a cytometer, improved by computer programs which
controls the analysis of nuclear DNA content in plant
cells. In addition to the diploid sorghum, identified by
the number of chromosomes and standard genotype,
Polish researchers also use diploid forms of (Miscan-
thus sinensis 2x = 38), preserved and deposited in in
vitro conditions [6].

The isolation of optimal objects and obtaining qualita-
tive nuclear DNA histograms involved the studies of the
following objects: the leaves of vegetative plants of dif-
ferent species of miscanthus; generative shoots; rhizomes
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of different species of miscanthus; leaves of miscanthus
clones, reproduced in in vitro conditions (Table 1).

The experimental data in Table 1 include the infor-
mation about the variability coefficient depending on
the reproduction method in vivo, in vitro and the ge-
nome ploidy level. It was determined that a suitable ob-
ject with a low coefficient of variability may be found
in generative shoots and leaves of Miscanthus clones,
reproduced in vitro. To prepare the control sample from
the suspension of cells:

* the object to be analyzed is separated and cut in
Petri dishes with the addition of 1.5 ml of the buffer
solution;

» the buffer solution is used to extract and change the
permeability of cellular membranes. It was found that
a lysing buffer solution of Japanese researchers (Ha-
mada and Fujcta, 1983) was suitable for application:
10 mM — aminomethane; 10 mM — Na2 — EDTA;
100 mM — NaCl; pH — 7.7; 100 ml — stock solution
DAPI (Germany) [21];

e after the leaves are cut, 0.5 ml of fluorochrome
DAPI solution (propidium iodide) is added to a Petri
dish;

* the mixture is kept in Petri dishes for 5 min at ambi-
ent temperature and then filtrated through nylon filter
to clean the nuclei from large cellular fragments and
remains of leaves;

* the measurements of fluorescence and the number
of nuclei in 1 cc of solution are performed at PA Partec
with a multichannel analyzer. The tubes with cell sus-
pension are switched on to electrodes.
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Fig. 3. The analysis of ploidy for Miscanthus (3x) by the number of chromosomes and mass of nuclear DNA: a — Miscanthus
x giganteus ecotype 2 “Austria’ in vitro conditions; b — metaphase chromosomes of Miscanthus x giganteus (3x = 57) at
the increase of 12.5x100 magnification, determined by the analysis of rhizome shoots; ¢ — nuclear DNA histograms for
Miscanthus x giganteus with max DNA on the channels of 200 un. and 400 un.

The histograms describe the distribution of the inves-
tigated cellular substances, i.e. determine the number
of cells with specific content of nuclear DNA: axis Ox
(a channel) — quantitative classes of the investigated
cellular substance (for instance, DNA); axis Oy (a
count) — the number of cells in each channel; cells/ml —
the number of cells in 1 ml; file — file number. The
number of measurements of the device is from 2 to 150
thousand nuclei per sample.

To isolate the external standard by the quantitative
content of nuclear DNA, the histograms of diploid mil-
let variety of Veselopodilska RBS (2x = 18 and 4x =
= 36) and grain sorghum variety Dniprovsky (2x = 20)
as well as diploid collection samples of Miscanthus
sinensis ecotype 1 “Poland” were analyzed. The in-
crease in the value of enhancing (FL1) was selected
for G1 peak of the investigated nuclei, isolated from
diploid grain sorghum, to be observed on channel 50
un. (G1) and 100 un. (G2).

It was established that as for the species of Miscan-
thus sinensis ecotype 2 “Germany” (2x = 38) in terms
of the mass of nuclear DNA of external standards, the
diploid level of genome corresponds to the quantitative
class on the channel of 150 un. and the class of cellu-
lar substance (G2) of the synthetic and post-synthetic
periods of the cellular cycle on the channel of 300 un.
(Fig. 2 a, b, c). The collection samples of Miscanthus
latte “Germany” and Miscanthus mearly “Germany”
(2x = 38), used by Jelitto Company, as decorative spe-
cies, corresponded to the diploid level of the genome
according to the nuclear DNA histograms as well. Mis-
canthus x giganteus (3x) ecotype 1 “Poland” and eco-
type 2 “Austria” were characterized by the distribution
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in terms of the quantitative content of nuclear DNA on
the channels of 200 un. (G1) and 400 un. (G2) in ac-
cordance to the external standard for grain sorghum,
Dniprovsky variety, determined by us (Fig. 3 a, b, ¢).

Three most relevant species, reproduced by clones
in vitro for polyploidation, are Miscanthus sacchariflo-
rus ecotype 1 “Poland”, Miscanthus sinensis ecotype
I “Poland”, Miscanthus sinensis new ecotype 2 “Ger-
many”’, Miscanthus x giganteus ecotype 1 “Poland”
and ecotype 2 “Austria”.

The analysis of the structure in terms of ploidy level
of the genome of vegetating plants of the second year
was conducted using Miscanthus x giganteus ecotype 1
“Poland ” and ecotype 2 “Austria” from the experimen-
tal fields of Hrady, Baranivka, the experimental field of
IBCSB. The objects of studies were leaves, generative
shoots, rhizomes. The data are presented in Table 2.

According to the results of ploidy analysis for trip-
loid plants of Miscanthus x giganteus (3x) of the sec-
ond year of vegetation, which originated from Europe
and were vegetatively reproduced using rhizomes, in
Ukrainian conditions, we identify merely an insig-
nificant heterogeneity of populations and the presence
of rhizomes with both hyperaneuploidy and hypoan-
euploidy status of the genome. To determine the rea-
son of genome instability, it is necessary to conduct
the studies on the mitotic division of cells of triploid
clones depending on the reproduction term. There is an
intention to reproduce the selected initial material by
the vegetative mass and ploidy of the planting material
(rhizomes) and to replicate it for the restoration of the
purity and productive features of Miscanthus % gigan-
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Table 2. The variability in terms of genome ploidy level for the populations of Miscanthus x giganteus of the second year of

vegetation
Max DNA (Mean)**
. S on Partec PA channels Coefficient
Kind of Experimental Stud 5 2 of
miscanthus and P Y8 = o Ploidy
numbers object g ¢ 50 150 200. | variability,
external standard 5 3 ’ ’ * |, N
& 100 300 400 | % (CVH
External acrospires | 6 | 50.20-52.65 3.05-14.72 2x
standard*
brown durra
2x =20
Miscanthus 2-1;2-10 generative | 7 150.10 5.62-15.81 2x
species shoots
Miscanthus % 7-1;7-19 leaves 19 145.43-160.0 4.98-9.01 3x
X giganteus
“Austria”
Miscanthus * 825 leaves 51 133.63-188.68 | 221.69 | 3.43-7.27 3x
X giganteus 3y
“Austria” Jxbpor ko
4x
Miscanthus % 3-1;3-3; rhizomes | 30 151.07-158.09 2.52-5.96 3x
X giganteus 3-7
“Poland”
Miscanthus » 3-9; rhizomes | 20 141.02-178.99 5.83-7.88 3x
X giganteus 3-1 3%n
Poland 3xtn
Mis'canthus * | 4-2;4-6; 4-9; | rhizomes | 50 143.15-180.13 3.09-11.16 3x
x giganteus 4-11;4-12 3x+n
“Poland”
3x—n

Note: * 20-chromosome line of grain sorghum, Dniprovsky variety 2x = 20, as an external standard, was determined by the
quantitative amount of nuclear DNA; ** average value of the fluorescence intensity of the main DNA fraction which corre-
sponds to the quantitative classes for this variability coefficient; *** hypoaneuploidy status of the genome in the population
of Miscanthus * giganteus during the vegetative reproduction using rhizomes; **** hyperaneuploidy status of the genome in

the population of Miscanthus * giganteus.

teus ecotype 2 “Austria” and ecotype 1 “Poland” in
the field conditions.

CONCLUSIONS

The method of determining the ploidy of miscanthus
using the computer programs of Partec PA according to
the quantitative content of nuclear DNA in the cell was
mastered and adjusted to the foreign methods.

The method was coordinated with Japanese, Korean,
and Polish researchers of the species of Miscanthus
genus using grain sorghum, Dniprovsky variety (2x =
= 20); Miscanthus sinensis 2n = 3x = 57, previously
defined by the number of chromosomes, as standards
and references of nuclear DNA.

AGRICULTURAL SCIENCE AND PRACTICE Vol.4 No.3 2017

The ploidy of collection samples of the species of
Miscanthus genus was determined for the creation of
new polyploid lines and selection of highly productive
clones.

Miscanthus: reneTu4yHa pi3HOMaHITHICTH BUIB
Ta METOAUKA J0CTiT:KeHHsI MiHJIMBOCTi PiBHS
ILUIOITHOCTI TeHOMY 3 BHKOPHCTAHHAM
dayopucuenTHoi uutodoromeTpii

H.C. Kopansayk, M.B. Poik

e-mail: natalakovalcuk461@gmail.com, sugarbeet@ukr.net

[HCTHTYT OiOCHEPTETHYHUX KYIBTYP
i mykpoBux Oypsikis HAAH
Byn. Kniniuna, 25, Kuis, 03110, Ykpaina
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Merta. VY 3B’s3Ky 3 IHTPOAYKIi€I0 BHIIB poxy Miscanthus
eBpomeiicbkoro TeHo(oHTy B YKpaiHi 1 HacamIepena Io-
HIUPEHHSAM €JMHOTO CTEPHIBHOIO aJOTPHILIOIAHOTO KIIOHY
Miscanthus % giganteus (3x), K HaiOiIBII EPCTIEKTUBHOL
OioeHepreTHUHOl KyIBTYpH, HEOOXiTHO po3poOUTH i
Y3TOMUTH 3 3apyODKHHIMH METONWKM BH3HAUEHHS PpiBHSA
IUTOIAHOCTI TeHOMY il 3a0e3leueHHs] COPTOBOi YMCTOTH
ITOCAIKOBOTO Marepiaiy, OAepXaHHS TMONIIUIOIIHUX PSIiB
1 cenmekmii KJIOHIB aJbTepHATUBHUX Miscanthus x gigan-
teus (3x). Metoau. Ilutonoriuni, 6ioTexHoOIOTIYHI, (IIyo-
pUCHEHTHOI  TMTOGOTOMETpii, TIOJBOBI, JIAOOPATOPHI.
PesysabraTn. 30BHINIHIM CTaHAAPTOM JUIS BH3HAYCHHS
IUIOTTHOCTI 3 BUKOPUCTAHHM aHaizaropa rioinHocti (AlT)
«Partecy (HimeuywHa) BHIUICHUH BITYM3HSIHUN IUILIOII-
Huii copt npoca «IlonsiHO» Becenonoaiibebkoi 1ociinHO-
cenekminoi cranmii (JJCC) Tta copro 3epHOBE COpT
«/IHinmpoBCchKHi». 3 BIPOBAPKCHHIM METOAUKU (iryopec-
LeHTHOI ruTodoTomerpii BiniOpaHi 3a IJIOIAHICTIO 1 Po3-
MHOXKEHHI KJIOHaMH Di3HI BUAM PONy MiCKaHTyc, Miscant-
hus % giganteus (3x), Miscanthus sinensis (2x), Miscanthus
sacchariflorus (2x). BctaHOBIEHA reTEpOTreHHICTh MOIYJISIIIIT
Miscanthus * giganteus (3x) IBOX CKOTHUIIIB 3a pPiBHEM
IUTOITHOCTI TEHOMY TIPH BEreTaTHBHOMY PO3MHOXEHHI
pusomamu, noxomkenHs i3 [lonbmii 1 Acrpii. BucHOBKH.
Uepe3 CKIAMHICTh IMTOJOTIYHUX JTOCIIIKCHb, HEOOXi-
HICTh 3aJlydeHHsI TpEJICTaBHUKIB poxy Miscanthus nis
pO3BUTKY OioeHepreTMku B YkpaiHi Ta audepeHmiamnii
NIPE/ICTAaBHUKIB pony Miscanthus B yMoBax in vivo Ta in
Vitro 3aaiisl OCBOEHHSI €BPOIEHCHKOrO TeHO(OHIY, BUKIIA-
JICHO HOBY METOIMKY ineHTH(iKamii pOCIMHHOIO Mare-
piamy 3a piBHEM IUIOIAHOCTI T€HOMY 3 BHKOPHCTaHHSIM
¢yopucenTHOT nMTodoToMeTpii. BusHaueno mioinHicTh
KOMEpIIHHUX 3pa3KiB MiCKaHTyca iHO3EMHOTO IMOXOJKEH-
Hf, IO IHTPOJYKOBaHI B MEPEXki IOCHIIHO-CEICKIIHHIX
cTaHiiil IHCTHTYTY OlOC€HEpPreTHYHUX KyJIBTYp 1 IYKPOBHX
OypsIKiB.

KurouoBi ciaoBa: anamizarop mmoinnocti (All) «Partecy,
Oloenepretuka, rictorpamu simepHoi JIHK, piBenp mioin-
HOCTI TCHOMY, KYJIbTypa in Vitro, (iyopecleHTHa IMTO-
boromerpiss Miscanthus X giganteus, Miscanthus sinensis,
Miscanthus sacchariflorus.

Miscanthus: reneTu4eckoe pasHoodpasue BUJI0B
U METOJUKA MCCJICIOBAHNS H3MCHYHBOCTH YPOBHA
IUIOUHOCTH TeHOMA ¢ IPUMEHEeHHeM
(uryopucnenTHoii nuroporomeTpnu
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Hens. B cBa3u ¢ uaTponaykumeit BumoB poxa Miscanthus
eBporeiickoro reHodoHna B YKpawmHE W TIPEXAE BCEro
pacIpoCTpaHEeHUEM EJMHOTO CTEPUIIBHOTO alOTPUILION-
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HOTO KJIOHa Miscanthus % giganteus (3x), Kak HamOoiee
TIEPCIIEKTHBHON OMOYHEPTeTHIECKON KYIBTYPHI, HEOOXOIH-
MO pa3paboTaTh M COINIAcOBaTh C 3apyOCKHBIMH METONUKU
OTIpenieNieHus] YPOBHS IUIOMAHOCTH TeHOMa UId olecrede-
HHUS COPTOBOH YHCTOTHI IMOCAJOYHOTO Marepraa, Moiyde-
HUS TIOJIUTUIOMIHBIX PSJAOB M CEJECKIMH KIOHOB alibTep-
HATUBHBIX Miscanthus % giganteus (3x). Metoasbl. LluTto-
JorH4YecKne, ONOTeXHOIOTHYECKUE, (PIyOPHCIIEHTHO ITUTO-
(hotomeTpuu, ToneBbIe, JabopaTtopHble. PesymsraTtel. OTa-
JIOHOM [UIA ONPEACTCHUS IUIOMIHOCTH IO KOJHUYECTBY
saepuoro JIHK ¢ ncnonbs3oBanuem ananuzaTopa miouIHOC-
™ (AIl) «Partec» (I'epmaHus) BBIJAEIECHBI OT€UECTBEHHBIN
TuIonaHbI copt mpoca “Ilomsro” Becemomomonbekoit
onbITHO-cenekimonHol cranmuu (OCC) u copro 3epHOBOE
copt “Jlnenporckuii”’. C BHEAPEHHEM METOAMKH OTOOpPaHBI
T10 TUIOU/THOCTh 1 Pa3MHOXKEHHbIE KJIOHAMH Pa3JINuHbIC BUJIbI
pona muckautyc, Miscanthus x giganteus (3x), Miscanthus
sinensis (2x), Miscanthus sacchariflorus (2x). YcranoBineHa
TeTEePOreHHOCTh TOMyNsAuu Miscanthus * giganteus (3x)
JIBYX DKOTHUIIOB 110 YPOBHIO IUIOMJHOCTH T€HOMa IpH Be-
TeTaTUBHOM Pa3MHOXKEHHH PH30M IpOUCXOKieHus u3 [lomb-
mu U ABcTpuu. BwiBombl. M3-3a CIOXXHOCTH ILIUTOJIOTH-
4eCKUX MCCIIeI0OBAaHUH, HEOOXOMMOCTH NPUBIICYSHUS TIPE/I-
craBuTesel pona Miscanthus st pa3BUTHsI OMOCHEPTETUKU
B YkpauHe W JuddepeHIrauy pa3inuHblX BUIOB poja
Miscanthus B yCIOBUSX in Vivo W in Vitro ¢ TECIbIO
OCBOCHHS €BPOIEHCKOro reHooH/a, N3JI0KeHa HOBas Me-
TOAMKA MICHTHU(HKALMK PACTUTEIBHOIO MaTepHuaja ¢ Hc-
nonb3oBaHueM (uryopecueHTHONH nuTodoTomMeTpun. Ompe-
JieJIeHa IUIOMTHOCTh KOMMepUecKuX oopasuos Miscanthus %
x giganteus (3x) NHOCTPAHHOTO MPOUCXOXKJICHUS, KOTOPBIE
BBEJ/ICHBI B CHCTEMY OIIBITHO-CEJICKIIMOHHBIX CTaHUUH MH-
CTUTyTa OMOCHEPreTHYECKHUX KYJIBTYp M CaXapHOH CBEKIJIBI.

KiroueBbie cioBa: anamm3arop rwroupHoctu (All) «Par-
tec», OmosHepreTnka, ructorpammsl saepHoi JIHK, ypo-
BEHb IUIOWAHOCTH T€HOMA, KyJIbTypa in Vvitro, Qroopuc-
neHTHa urodoromerpust, Miscanthus x giganteus, Miscan-
thus sinensis, Miscanthus sacchariflorus.
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